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Abstract

Collaborative work environments for scientific knowledge have many applications in
research as well as in education. Such systems already exist (e.g. Wikipedia and Plan-
etMath), but they do not offer all the services users would like to have. Starting from
semantic markup of knowledge as a prerequisite for services like dependency management,
intelligent navigation and search, and for knowledge reuse by web services, I work out why
a semantic wiki is an appropriate platform for integrating these services and how to en-
tice authors to contribute their knowledge into such a wiki by sharing the benefits of the
services that exploit the knowledge with them.

While most semantic wikis allow users to create hypertext with typed pages and links,
the types being defined ad hoc or imported from arbitrary external ontologies, my ap-
proach is to tailor the wiki to scientific domains by incorporating both domain-specific
semantic markup languages and their system ontologies and specifying services in terms
of these ontologies. The SWIM prototype that supports the mathematical markup lan-
guage OMDoc will be extended to a semantic work environment that offers interactive
services operating on knowledge from multiple sciences. The resulting SWIM™ system
will be evaluated in a research and an education case study.
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1 Motivation

The core problem of this thesis is: How can open, collaborative work environments like
Wikipedia [Wik06b] be improved in a way that they serve the needs of scientists and learners
better? 1 argue that this can be done by integrating semantic markup languages into a
semantic wiki and pose the second core question: How can users be motivated to contribute
content in such an environment? My objective is to implement a system, provisionally named
SWIM™ (semantic wiki for mathematics and more) that answers these questions.

1.1 A Collaborative Work Environment for Scientific Knowledge Management

For the purpose of this thesis, I want to focus on the following three applications of a collab-
orative work environment for scientific knowledge:

1. It should serve scientists as a powerful tool for jointly developing theories from their
hypotheses and publishing them on the web.

2. It should enable scientists and scholars to publish a comprehensive knowledge collection
as a work of reference and a source for education.

3. It should serve as a collection of knowledge units that are reusable by humans and
(automated) web services.

For the first application, the SWIM™ system should support formalisations of ideas and
management of dependencies. If, for example, one scientist, named E. IN. STEIN, wants
to elaborate on his hypotheses about “relativity”, he should be able to search for existing
theories he can build on (e.g. the theory of gravitation developed by his colleague N. Ew.
ToN), and SWIM™ should support him in formalising his ideas using previously defined
terms from other theories. However, these “other” theories he build on, may still be under
development. If N. Ew. TON changes some basic assumptions on gravitation, E. IN. STEIN’s
considerations building on them might become invalid and thus needs to be adapted.

For the second application, SWIM™ should adapt to the previous knowledge and prefer-
ences of its users: If the user S. CH. OLAR wants to learn more about a topic that has
many prerequisites (e.g. calculus, which presupposes knowledge about sequences and limits),
SWIM™ should ask him whether he has already heard about these topics. If not, he should
be offered to read about them first. S. CH. OLAR should also be able to search for topics in a
flexible way: by navigation along the relations among the topics in the knowledge collection,
by entering keywords, and by entering objects of the respective area of science (e.g. formulae
in mathematics or chemistry). Furthermore, he should be able to tailor the presentation to
his preferred language and notation and to submit comments to course notes.

For the third application, SWIM™ should be able to integrate services from other web sites
or applications on the user’s computer (e.g. visualising tools or simulators), where it does not
support these services by itself. The knowledge units collected by the users of the environment
should be made accessible to web services so that automated agents (e.g. intelligent search
engines) can reuse them.

All of the above applications require a comprehensive knowledge management®. Scientific
knowledge is usually represented in documents. One advantage of documents — compared to

'In this thesis, I understand knowledge management in the same way as the community around the conference
on Mathematical Knowledge Management (MKM) does — as “an emerging interdisciplinary field of research



databases, for example, — is that they can have a narrative structure, which is most suitable
for didactics [KohO6c, chapter 8]. While databases (in a general sense, not just relational
databases) are most suitable for computing tasks like automated deduction, databases can still
be generated or fed from well-structured documents by only extracting the logical structure.
On the other hand, a mere content or document management system is not sufficient to solve
the problems I introduced, as is understands too little of the structures of scientific knowledge,
such as the dependencies among theories and the meaning of the symbols in a formula.

1.1.1 Particular Use Cases for Mathematical Knowledge Management

While the above examples apply to science in general, or, at least, to multiple areas of
science, more detailed use cases for the above-mentioned three applications can be found
in specific sciences — for example, mathematics, being a particularly well-structured and
well-conceptualised subject. The following use cases are inspired by M. KOHLHASE’s outlook
towards a “Semantic Web for mathematics” [KohO6c, chapter 3.4]:

1. As a tool for scientists, SWIM™ could automatically check published proofs, if they are
sufficiently detailed and structured. It could support semantic search for mathematical
concepts rather than keywords (“Are there any objects with the group property out
there?”) and data mining for representation theorems (“Are there undiscovered groups
out there?”). A similar case is classification: given a concrete mathematical structure,
is there a general theory for it?

2. As a reference for education, SWIM™ could explain mathematical proofs, e.g. by spe-
cialising them to an easy-to-understand example for a specific case. A use case for
navigation in mathematics is the need to learn what a certain symbol in a formula
(e.g. the “I” ine® =3 > %) means. Furthermore, as many notational conventions
are specific to certain communities of practice?, it should be possible to customise the
presentation of formulae accordingly.

3. In a collection of reusable knowledge, semantic search for formulae should be supported:
If a user searches for (x + y)-z, a-c+ b-c may qualify as a result, depending on the
definition of the operators and variables used®. Cut and paste of mathematical objects
on the level of computation is likewise desirable: One could take one search result and
paste it into a computer algebra system.

1.2 The Need for Structural Semantic Markup in Science

Large computer-based collections not only of scientific knowledge created in a collaborative
effort have emerged in recent years. The encyclopedia Wikipedia [Wik06b] with its more

in the intersection of mathematics, computer science, library science, and scientific publishing.” [BFO06]
that “provid[es] new techniques for managing the enormous volume of mathematical knowledge available
in current mathematical sources and making it available through the new developments in information
technology” [Koh05a]. I extend this definition of knowledge management from mathematics to science in
general.

2Consider, for example, binomial coefficients: (”

k) is one standard notation, but C7 is used by French math-

ematicians, while Russians write C [KKO06].
3In this case, a law of distributivity must hold for the operators 4+ and -, and the variables x/a, y/b and z/c
must be free or have the same values.



than 5-10% articles in more than a hundred languages is the most successful one for general
knowledge, including science. PlanetMath* with entries on more than 10,000 mathemati-
cal topics is one of the largest online compilations of mathematical knowledge. Wikipedia
contains human-readable text with tables, graphics and formulae, which is merely grouped
into categories and searchable in full-text, whereas PlanetMath has a fixed set of metadata
associated with each article, including its type (definition, theorem, etc.), parent topic, Math-
ematics Subject Classification, synonyms and keywords, but the content itself is written in
presentational-only IATRX5.

Neither Wikipedia nor PlanetMath support the use cases outlined in section 1.1: As the
structural semantics of the scientific knowledge is not made explicit, machines cannot under-
stand the structures and thus cannot exploit them. Both projects are thus not part of the
Semantic Web, a “web of data” that “provides a common framework that allows data to be
shared and reused across application, enterprise and community boundaries” [W3C06].

Exposing structural semantics means to explicitly mark the structural divisions of docu-
ments, to declare the dependencies among these divisions and the documents, to link symbols
in formulae to their definitions, to declare the order of operations in a formula, etc.? To
expose the structural semantics of scientific knowledge, many languages have been developed:

e Content MathML® [ABC" 03] and OpenMath [BCC™*04] for mathematical formulae

e OMDoc (Open Mathematical Documents) [Koh06¢], which embeds the former ones for
formulae, but allows for expressing larger structures, that is, statements and theories

e PhysML [HKS06], an OMDoC derivative for physics

e CML (Chemical Markup Language) [CMLO7] for chemical concepts like molecules and
reactions

e CNXML [HGO5], a lightweight markup language for structuring general educational
content (but not structures of specific scientific domains). It is used by Connexions’, a

community-driven collection of free educational content.

All of the above languages are applications of XML (eXtensible Markup Language) [BPSM™04].
Actually, most newly-developed document formats are XML applications nowadays, because
XML can easily represent hierarchical structures through containment of child elements and
relations via URI references. Furthermore, it is an open W3C standard, and it is easy to
process due to its strict syntax and therefore supported by many tools and libraries.

The variety of applications that are already available for the above-mentioned languages
demonstrate that the problems stated in section 1.1 can actually be tackled using semantic
markup: For OMDoa, for instance, there are (separate) applications for searching formulae,
publishing (including community-specific notations), generating user-specific textbooks and
verifying proofs [Koh06¢| (see also section 2.2).

“http://wuw.planetmath.org, see also [Kro03]

STATEX supports presentation-oriented markup out of the box. As TEX is programmable, one can, however,
extend it by structural semantic markup, as has been done with STEX (see page 24).

5...the structural semantic twin of Presentation MathML, which is dedicated to presenting mathematical
formulae in a human-readable way

"http://cnx.org
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Figure 1: Graph on the integration of social software and semantic web [Spi06]

1.2.1 Semantic Markup as a Special Kind of Semantic Annotation

In the context of the Semantic Web, both the term “annotation” and the term “markup” are
used for similar things. Annotations are metadata (data about data) that use terms from an
ontology to describe the meaning (i.e. the semantics) of certain data [UCIT06]. In general,
an annotation is “a note of explanation or comment added to a text or diagram” [McKO05];
the etymology of the word (from Latin “annotare”, where “ad-” means “to” and “nota” is a
mark [McKO05]) indicates that annotations are optional. On the Semantic Web, they actually
need not be part of that data; they can also be stored externally and point to the original
data via URI references. Markup is defined as “a set of tags assigned to elements of a text to
indicate their structural or logical relation to the rest of the text” [McKO05], where a tag is “a
character or set of characters appended to or enclosing an item of data in order to identify
it” [McKO05]. In the case of XML, where document formats tend to have strictly defined
document models®, markup is mandatory to a large extent.

In the following, I will regard semantic markup as semantic annotations embedded into the
document they describe. A typical annotation workflow for structural semantic markup in
science is refining the markup in a stepwise formalisation process from human-readable text
to a representation suitable for the Semantic Web to a full formalisation that can be verified
by a theorem prover in the case of mathematics [Koh06¢c, chapter 4].



1.3 Semantic Social Software as a Forerunner of the Future Web

A collaborative environment for semantically marked-up knowledge is an example of “semantic
social software” — social software combined with Semantic Web technologies. Where social
software connects people (here: scientists and scholars) and the Semantic Web formalises web
content, semantic social software is the connection of both [Sch06b]. SCHAFFERT identifies
the perspective of a “convergence of the Web, Social Software and the Semantic Web” [Spi06]
in many predictions about the future web; SPIVACK, for example, speaks about a “metaweb”
as “a new higher-order whole” instead of “just a bunch of interacting parts” [Spi06] (see
figure 1).

According to SCHAFFERT, semantic social software has two perspectives that are two sides
of the same coin; it improves both:

1. the usage of social software by adding semantic annotations, which are then exploited
by sophisticated services (“semantically enabled social software”), and

2. the process of creating Semantic Web metadata by using social software (“socially en-
abled semantic web”) [Sch06b].

As one application of semantic social software, he introduces semantic wikis (see section 2.1)
as “community-authored knowledge models” where informal natural language descriptions
created by domain experts are formalised in collaboration with knowledge engineers [Sch06b].
As one of my main focuses is a tool for scientists who jointly author knowledge (see sec-
tion 1.1) and as M. KOHLHASE identifies the formalisation workflow supported by wikis as
necessary for scientific markup (see section 1.2.1), I believe that a semantic wiki matches
the picture of a collaborative environment for scientific knowledge management best. The
SWIM™ system projected in this thesis, although initially motivated via the first aspect of
semantic social software (see sections 1.1, 1.2) can also be seen from the second point of view:
Many huge scientific knowledge bases, including the above-mentioned projects Wikipedia and
PlanetMath, were created in a joint effort of many people — supported by social software.

1.4 The Semantic Author’s Dilemma — Motivating and Gratifying Users

The advantages of the semantic markup languages mentioned in section 1.2 are that they
are easily processible by software and that they expose the structural semantics of the sci-
entific knowledge they encode. The downside is that they are hard to author for humans
because they require formalising meaning, which demands time and effort from the authors.
According to A. KOHLHASE and N. MULLER, allowing users not only to consume content
but also to produce it is attractive in many settings, but scientific communities have ex-
perienced that the mere prospect of great applications that become possible with scientific
knowledge management (the “macro-perspective”) once enough content is already available
is not sufficient to entice potential authors to overcome the hurdles of authoring semantically
rich content. From their individual “micro-perspectives”, they perceive drawbacks that argue
against taking action: the expectation of a high initial investment proportional to the depth
of the markup and the uncertainty about the other authors’ will to collaborate and the benefit

8There are many languages to define an such a document model, which is also called an “XML schema”; one
of them is named “XML Schema”, but there are others, like DTD and RelaxNG. In the following, I will
continue to use the term “document model” to avoid confusion.



the individual authors will gain from their own markup [KMO07]?. Therefore, A. KOHLHASE
and N. MULLER argue that a semantic work environment must offer “elaborate, semantic
added-value services for the concrete situation the user is in” [KMO7] to motivate users into
action and propose a method for designing and analysing services (see section 4.6).

The user need not even be aware of the macro-perspective to be motivated, as A. KOHLHASE
argues elsewhere: Many people primarily appreciate social tagging systems (e.g. del.icio.us
or flickr) as personal knowledge management systems before they realise that they are con-
tributing to a shared knowledge base [Koh06a].

Apart from motivating users into action, the approach of instantly gratifying users for their
contributions also prevails in semantic social software [SchO6b]. Mangrove was the first se-
mantic work environment with instant gratification as its central design goal. Authors can se-
mantically annotate their web pages and publish them to the system, which notifies registered
services (a central calendar, for example) that instantly harvest the annotations and return
feedback to the user about how and where his annotations have been utilised [MEG™'03].
WikSAR, one of the first semantic wikis (see also section 2.1), is inspired by this approach
and provides instant gratification by instantly improving navigation: Not only are incoming
and outgoing links displayed for each page, grouped by their types, but also links to other
semantically related pages are inferred [AA05]. In fact, this is a core service in most semantic
wikis.

1.5 Towards a Semantic Wiki for Science

Following the justifications given in the previous sections, my further work will focus on
realising the collaborative work environment for scientific knowledge management sketched in
section 1.1 as a semantic wiki (see section 1.3) whose pages are written in scientific markup
languages (see section 1.2), keeping the question how to motivate users contribute in mind
(see section 1.4). First, I give an overview of the state of the art, both in semantic wikis
(see section 2.1) and in scientific knowledge management (see section 2.2); then, I discuss the
already-existing SWIM prototype (see section 3) for mathematical knowledge and establish
a work plan how to improve and extend it towards science in general (see section 4).

2 State of the Art

2.1 Semantic Wikis

A semantic wiki is a wiki with an “underlying model of the knowledge described in its
pages” [Wik06c], but there are many different ways to gather, store, and utilise that knowl-
edge!®. Common semantic wikis, most of which are still research prototypes, combine the
wiki principle with Semantic Web technologies; thus, they are semantic social software. Most
semantic wikis utilise formal languages like RDF [LS99] or OWL [MvHO04] for annotating
pages and links with semantic information. SweetWiki [BCGT06], for example, features a
wiki system ontology with classes like “page” or “user” and lets users tag pages with concepts
from several OWL domain ontologies. Other well-known semantic wikis include Semantic

9A. KoHLHASE and N. MULLER compare this situation to the “prisoner’s dilemma” from game theory.

For an overview, see [Lan07, section 1.4]. Also note [ODM™06], which focuses on annotation and navi-
gation, and the comprehensive brainstorming on http://ontoworld.org/wiki/Semantic_Wiki_State_of_
The_Art_Paper.
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MediaWiki [VKV*106]!!, an attempt to integrate the Wikipedia into the Semantic Web, and
IkeWiki 2, which is intended as a social tool for knowledge engineering!. In most semantic
wikis, including, IkeWiki and Semantic Media Wiki, one page describes one real-world concept.
The page itself and its links to other pages are typed using terms from ontologies. Importing
and exporting RDF from and to the semantic web is possible in most semantic wikis, and
the knowledge base can be queried. Some semantic wikis employ a reasoning engine to infer
additional knowledge from the explicit annotations that users made. Recent trends in wikis
in general include:

e improved user experience through WYSIWYG editing — as, for example, in Sweet Wiki
and TkeWiki,

e integration with other social software like Weblogs — SnipSnap'* is an example of a
wiki with blogging functionality and some semantic features (“Labels”)

e a standardised web service interface and data exchange format for automated clients
and distributed systems [V07], as well as

e better spam and vandalism protection (esp. on large, public wiki sites like Wikipedial®).

Another important aspect is bringing semantic wikis to non-scientists. The by far most
successful software in this regard is Semantic MediaWiki, which, despite its intention, is not
yet used by Wikipedia (mainly for performance and scalability reasons), but by numerous
other sites [Ont07b]. The trends mentioned for general wikis also prevail in the area of
semantic wikis, with the addition of the following trends that apply to SWIM™:

Reasoning: One aspect of current research is formalising the knowledge in a semantic wiki
more stringently — from ad-hoc database queries to description logic (DL) reasoning,
the most common logic formalism on the Semantic Web, as well as other ways of rea-
soning. SCHAFFERT mentions tolerance about inconsistencies in an evolving knowledge
model, versioning of annotations, coping with the tradeoff between soundness and per-
formance improvents, as well as providing justifications for decisions based on reasoning
to the user as major challenges for reasoning in semantic wikis [Sch06b, VKO06].

Visualisation of the RDF graph of the knowledge inside the wiki [ER06] and incorporation
of visual mapping techniques [HKV06]

Most semantic wikis serve general purposes; as of February 2007, there is only one more se-
mantic wiki dedicated to mathematical knowledge management apart from SW1M: se(ma)?wi [Zin06]
is an installation of Semantic MediaWiki. OMDOC content from the ACTIVEMATH learning
environment [MGPT06] has been automatically converted to MediaWiki’s syntax via XSL
transformations and imported to the wiki. The pages are categorised by their OMDOC state-
ment types (e.g. definition) and annotated with learning metadata from ACTIVEMATH. The

'See also the home page http://ontoworld.org/wiki/Semantic_MediaWiki

http://ikewiki.salzburgresearch.at, see also [Sch06a]

!3The first well-known semantic wikis are Platypus [TCC04] and WikSAR [AA05], both of 2004, but they are
not under active development any more.

Yhttp://snipsnap.org

Yhttp://en.wikipedia.org/wiki/Wikipedia:Vandalism
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other semantic information from OMDOC has, however, got lost in the conversion: The for-
mulae are given in presentational-only ITEX, and the links between wiki pages that represent
mathematical statements, for example a link from a theorem to its proof, are not typed, as
they are in SWIM.

2.2 Knowledge Representation and Management in Mathematics and Science

All sciences rely on mathematical foundations for modeling and formalisation. To represent
scientific knowledge, I follow the three-layered structure model of mathematics and science
that M. KOHLHASE proposed and realised with the OMDocC markup language [KohO5b]:

Object level: “represents objects such as complex numbers, derivatives, etc. for mathematics,
[molecules in chemistry] or observables for physics.” [Koh05b]

Statement level: “sciences are concerned with modeling our environment [using| statements
about the objects in it. [Statements include] model assumptions, their consequences,
hypotheses, and measurement results. All of them [...] state relationships between
scientific objects and have to be verified or falsified in theories or experiments. [They]
have a conventionalised structure, e.g. exercise, definition, theorem, proof, and [there is] a
standardised set of relationships among them. For instance, a model is fully determined
by its assumptions (also called azioms); all consequences are deductively derived from
them (via theorems and proofs), and therefore their experimental falsification uncovers
false assumptions of the model.” [Koh05b]

Theory/Context level: “Representations always depend on the [...] context; even the mean-
ing of a single symbol'® is determined by its context, and depending on the current
assumptions, a statement can be true or false. Therefore, the sciences [...] fix and de-
scribe the situation of a statement. [...] For instance, in mathematical logic, a theory
is the deductive closure of a set of axioms, i.e. the (in general infinite) set of logical
consequences of the model assumptions.” [Koh05b]

The OMDoOC markup language supports the above-mentioned three levels in a mathemat-
ical setting, but it was easy to extend it towards physics [HKS06]. The resulting PHYSML
language left the three-layered structure intact, only adding a few concepts (observable, system
and experiment) on the statement level, and its authors estimate that an extension towards
chemistry will be possible in a similar way [HKS06]. With new representation formalisms, new
search capabilities are needed to replace full-text search, which does not utilise the above-
mentioned relationships. Similarly, formula-centered software tools like computer algebra
systems are not sufficient, as they only rely on the object level, but not on the statement and
theory level.

2.2.1 Theory Management

Theory management has first been implemented in the domain of automated software ver-
ification, but it starts expanding to other scientific domains. Large, modular collections of
interdependent theories form development graphs [AH02, MAHO06], which need to be man-
aged and verified “in-the-large”. In a development graph, each node represents a theory with

16¢ g. the glyph h as the height of a triangle or Planck’s quantum of action
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its axioms and theorems. Edges represent theory inclusions [FGT92]'7: If axioms from the
source theory S can be found in the target theory 7, possibly after applying a signature mor-
phism (i.e. remapping symbols), or proven as theorems following from 7”’s axioms, theorems
from S can be reused in 7. A theory inclusion can be decomposed into edges from individual
axioms of S to 7, each of which must be proved “in-the-small”, that is, within the theory
7. In mathematics, proof assistance systems such as proof verifiers or automated theorem
provers can be used for that. Note, however, that automated theorem proving is expensive
(therefore theory management started in a domain where safety and security is essential),
and that many applications therefore do not use it. OMDOC, which only cares about struc-
tural requirements, is in fact being successfully applied in many of the settings presented in
section 1.1, although its model “only cares about structural aspects [of proofs]”: Theorems,
for example, are considered “true” if a proof exists, however natured. “[W]hether the author
chooses to prove [a statement] or indeed whether the statement is true at all is left to other
levels of modeling.” [Koh06¢]

2.2.2 Semantic Search

Searching interrelated statements and theories is possible if the relations are, for example,
available in a relational database or in a graph representation such as RDF — which can
be generated from a markup language. Searching for mathematical or chemical formulae
is more involved; for mathematics, M. KOHLHASE and SUCAN identified the following to
approaches [Kc06]: The simple-minded one is to convert the formulae to text representations
and have them indexed by a full-text search engine. Different formulae can, however, be
equivalent modulo a-equivalence (renaming of variables, consider fab:cdx and quydy) or
modulo some properties of operators (for example commutativity: a +b = b+ a). Structural
indexing is slower, but yields better results: The formula is given in a content markup format,
and its tree structure is leveraged. a-equivalence becomes manageable that way, and other
semantic equivalences can also be taken into account.

3 Starting Point: The SWiM Prototype

My implementation of the depicted work environment does not start from scratch; instead, I
will evolve the SWIM (Semantic Wiki for Mathematical Knowledge Management) prototype,
developed during my diploma thesis. It is a fork of the Java-based IkeWiki (see section 2.1)
with OMDoOC as its page format [Lan07], modeled in an object-oriented, extensible way (see
figure 2), which makes the incorporation of additional document formats feasible. Even the
original wiki text markup has been retained, which is still suitable for overview pages or
unstructured notes.

3.1 Editing OMDoc in SWiM

So far, the source code of an OMDOC document can be edited in SWIM. The OMDoc
syntax has been slightly adapted to fit the requirements of a wiki, which include easy linking
and small pages. Small pages improve the effectivity of wiki usage, as they facilitate editing
and re-use by linking and allow for a better overview through lists of recent changes and

" They are called “theory interpretations” there.
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SWiM

original wiki GenericFeature
0 generic code
Feature oyl % ‘
‘ generic code % v
‘ wiki-specific code \ WikiFeature ' SciMLFeature 1
‘ wiki—specific code ‘ SciML specific/generic code
,,,,,,, /4$
OMDocFeature | OtherLanguageFeature
‘ code specific to Math/OMDoc ‘ Code specific to other domain |

Figure 2: Refactoring of wiki classes. Dashed boxes stand for the projected extension towards
general scientific markup languages (see section 4.1).

other automatically generated index pages. Therefore, link targets need not be full URI
references, but they can be abbreviated: A statement on a theory page can be referenced
as theory#statement. While OMDOC only allows statements that are not constitutive for
a theory!® to live in their own documents, the SWiM-extended OMDoOC document model
allows any kind of statement to be rolled out to its own page.

3.2 Presenting OMDoc in SWiM

For presentation (see figure 3), SWIM uses a slight adaptation of the multi-level XSL Transfor-
mation workflow to XHTML+MathML that has earlier been developed for OMDoc [Koh0O6c,
chapter 25.1]. The links from symbols in formulae to their definitions, which are generated
during this transformation, improve the navigability of the wiki. Additionally, a hyperlinked
source view is available. It is particularly useful for browsing complex OMDOC documents,
as not all kinds of links between statements or theories have been mapped to RDF triples
and thus semantic links navigable in the wiki (see below).

3.3 Extracting and Using Knowledge from OMDoc

TkeWiki, as most semantic wikis, considers each wiki page to represent one real-world concept.
As for OMDoc, I considered small theories!? and statements appropriate page-level concepts,
but not sub-statement structures such as proof steps, as the latter would make it difficult to
overlook complex statements.

Relations between theories and statements can be expressed in OMDoC either through
containment of child elements within parent elements — a theory can have statements as its
children, for example, — and via URI references — for instance, from an example element to

18Symbols, definitions, and axioms are indispensable for the meaning of a theory (“constitutive”), but asser-
tions, their proofs, alternative definitions of concepts already defined, and examples are not.

19 According to M. KOHLHASE, OMDoC advises to follow a “little theories approach” [FGT92], where theories
introduce as few new concepts as possible. A theory may introduce more than one concept, if they are
interdependent, e.g. to introduce the natural numbers via the Peano Axioms, we need to introduce the set
of natural numbers, the number zero and the successor function at the same time.
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Figure 3: A rendered page in the SWIM prototype

the assertion or definition it explains. To enable IkeWiki and other Semantic Web applications
to reason on these relations and to exploit them for navigation and interactive queries, the
information about the concept instances and their interrelations must be made accessible in
a Semantic Web standard format, that is, as RDF subject—predicate—object triples.

While the vocabulary for encoding knowledge about mathematics in OMDOC has been fixed
in a RelaxNG schema [KohO6c, appendix D], there was no such vocabulary — called ontology
in the context of the Semantic Web?? — for encoding knowledge about mathematics in RDF.
Therefore, I modeled a subset of the system ontology of OMDOC (see section 3.4), representing
most concepts and relations of OMDOC’s statement module [Koh06¢, chapter 15]. Given that,
it remained to extract those parts of the knowledge that could be represented in terms of that
ontology from OMDOC to a more explicit RDF representation; after all, the knowledge is not
available as separate, handy annotation in scientific markup languages, but rather buried in
the markup. For the SWIM prototype, a simple RDF extraction procedure based on XPath
expressions with a hard-coded mapping from XML elements to concepts of the ontology has
been implemented; it extracts information about the types of theories and statements as well

200Ontologies are formal, explicit specifications of a conceptualisation; they describe a specific domain and
emerge as a result of a shared understanding among experts in that domain. On the Semantic Web, the
most common formalism for ontologies is description logic.
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as the links between them. IkeWiki can directly use these links to improve navigation: They
are displayed in a special “references” box, grouped by type, as can be seen on the right side
of figure 3.

3.4 OMDoc’s System Ontology

As the above-mentioned ontology represents knowledge about mathematical knowledge (e.g.
that a proof proves a theorem), whereas OMDOC in itself is an ontology language for math-
ematical knowledge, it could be called a “meta”’-ontology. Still, the term system ontology
is more common in our group; in [Miil06], it is defined as “an ontology describing the data
model of a system or the representation language the system and its applications are based on
— independently of their respective syntactical realisation”. Note that this is different from
an ontology that directly represents mathematical concepts. Relations between mathematical
concepts, such as “all differentiable functions are continuous” cannot be expressed directly in
OMDoc; as OMDoC captures how scientists communicate about mathematics, they must
be wrapped into mathematical statements — assertions in this case —, but can nevertheless
be extracted if a DL representation is required?!.

SWIM differs from other semantic wikis in that it comes with a pre-bundled system ontology
of a domain-specific data format. Most general-purpose semantic wikis allow for importing
or modeling ontologies for arbitrary domains, but due to the great differences between those
ontologies, they cannot utilise them further than for displaying navigation links, some editing
assistance, and semantic search. As the OMDOC system ontology contains uniform terms
for semantic relations between mathematical statements and theories — like “dependency”

or “containment” —, services built on top of SWIM can be formally specified in terms of the
system ontology (see section 4.7).

So far, a subset of this system ontology, Theory
which is implicitly given by the OMDOC spec- ' Tq
ification in a human-readable but not machine- |\Ce:sjn imports
understandable way, has been modeled in OWL- o Statementw

DL (the description logic sub-language of the Web
Ontology Language [MvHO04]), covering most of
the statement module and a small part of the
proof module of OMDoc (see [Koh0O6c, chap-
ters 15 and 17]). Figure 4 shows the most im-
portant concepts (in OWL: classes) and relations
between them (object properties) that have been
modeled: theories, a hierarchy of several state- exemplifies
ment classes and a generic transitive “concept—
depends-on—concept” that subsumes the transi-
tive import relation between theories, the con-
tainment relation between a statement and the
home theory that fixes its context, and several
relations between statements, where one statement further specifies another one: “symbol-
has—definition”, “proof-proves—assertion”, and “example-exemplifies—statement(s)”.

Figure 4: A subset of OMDOC’s system
ontology

2The proof of this theorem about functions cannot be expressed in DL, though, as it requires higher-order
logic. The latter is, however, disliked in the context of the Semantic Web, as it is not decidable.
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4 Work Plan

The development of the collaborative work environment SWIM™, which shall offer services
for knowledge from many sciences, can be split up into several work packages depending
upon each other, mainly packages concerning implementational issues, the architecture of the
system, detailed specifications of some individual services, as well case studies: preparation
of the prototype (WP-P), putting the reasoning engine into operation (WP-R), modeling the
system ontologies of the scientific markup languages (WP-OL), an XML+« ontology mapping
(WP-M), modeling the system ontology of the collaborative work environment (WP-OS),
planning services using added-value analysis (WP-AV), designing a service programming in-
terface (WP-SI), an auto-completion service (WP-SA), a dependency graph navigation service
(WP-SD), a dependency management service (WP-SM), an edit-in-place service (WP-SE),
scientific publishing (WP-SP), other services not yet specified in detail (WP-SO), a case study
of the applicability as a tool for scientists (WP-CS), and a case study in education (WP-CE).

4.1 WP-P: Technical Preparation of the Prototype

The first, pragmatic step of my work will be the release of the existing SWIM prototype
with the most urgent bug fixes. (Detailed bug reports are available at https://trac.kwarc.
info/swim/.) This is intended to attract prospective users and lead to feedback, which is
particularly valuable for the added-value analysis (see section 4.6). As the prototype is still
based on an outdated version of TkeWiki, the next step will be the upgrade to its current
version 1.99, which, among many bug fixes, features a completely redesigned user interface.
Then, I will apply the refactoring depicted in dashed lines in figure 2 in order to set the stage
for wiki pages in scientific markup languages other than OMDoc.

4.2 WP-R: Get a Reasoner Running

Some of the projected services (see the work packages WP-SD in section 4.9 and WP-SM
in section 4.9) require computing transitive closures of the dependency relations. IkeWiki
includes the Pellet DL reasoner [SPGT06], as well as an experimental rule-based reasoner
implemented in Prolog, which are both capable of doing that. As regards the so far unsolved
problem with reasoning despite inconsistencies in semantic wikis (see section 2.1), I will try
to find a pragmatic solution to get most out of the planned services.

4.3 WP-0OL: System Ontologies of the Markup Languages

To integrate a scientific markup language into SWIM™, knowledge from the document markup
must be made accessible to services. In the prototype, it has proven to be practicable to
extract knowledge required by services to an explicit representation as RDF triples in terms
of the system ontology of the respective markup language.

Following the assumptions of the developers of PHYSML [HKS06] that knowledge is struc-
tured similarly in many sciences (see section 2.2), I plan to model the system ontologies of
different scientific markup languages uniformly as specialisations of an abstract “upper sys-
tem ontology” (USO) — a variation on the term “upper ontology”, which the IEEE Standard
Upper Ontology Working Group defines as an ontology “limited to concepts that are meta,
generic, abstract and philosophical, and therefore are general enough to address (at a high
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level) a broad range of domain areas” [ice06]. Many services (see the respective work pack-
ages) are not specific to a certain scientific domain. If there are traits common to all scientific
system ontologies, they can be modeled in the USO, and one and the same service can utilise
knowledge from all scientific markup formats by accessing it in terms of the USO?2. Such
common traits will be identified during modeling the individual system ontologies; so far, I
assume that they include:

e The basic concepts of the three-level stack described in section 2.2: objects, statements,
and theories

e A generic “containment” relation: Theories contain sub-theories and statements, state-

ments contain sub-statements (e.g. proof steps that are proofs in itself) and objects.

e A generic “dependency” relation between theories and statements, together with some
generic refinements: the import relation between theories, the relation of an example to
the statement it illustrates, and the relation between an evidence and the assumption
it substantialises?3.

To model the system ontologies, I will learn more about ontology design, starting with
theoretical foundations [BCM™03] and practical courses (for example [CO-05]). The system
ontology of OMDOC needs to be completed to cover the whole specification of the language:
abstract data types (module ADT [KohO6c¢, chapter 16]), complex theories and development
graphs (modules CTH and DG [chapter 18]), as well as containment relations below statement
level are missing in the current implementation of the ontology. This needs not be done first,
though, as there are already several statement types and specialisations of the dependency
relation that can be used by services. Therefore, I will start to model the system ontology of a
second markup language, most likely CNXML, in an early phase of the overall development.
Both the CNXML and the OMDocC system ontology will be modeled as specialisations
of the USO, whose development I will start in parallel. CNXML, though not targeted at a
specific science, qualifies as the second format to be supported in SWIM™, because it features
objects (e.g. equations) and statements (no theories, though), as well as a containment and
dependency relation?, but at the same time it is small and manageable, as it is less formal
than OMDoc. There is already a full system ontology, modeled by CH. MULLER and N.
MULLER of our work group?®.

4.4 WP-M: Mapping from XML to Ontologies and Back

The prototype’s method of mapping from OMDOC’s document model to its system ontology
and thus from XML elements and attributes to RDF triples using terms from the system
ontology (see section 3.3) lacks scalability in the context of supporting more than one markup
language. Instead of expressing the mapping in a Turing-complete programming language
— Java or XSLT, for example, — a formal approach with less expressivity but stronger

22A query for all “statements” in a knowledge base about physics and mathematics would then return physical
experiments as well as mathematical proofs.

#Laws in natural sciences cannot be proven formally; they can only be corroborated by observations [HKS06].
In mathematics, this relation would, of course, be refined to the “proof-proves—theorem” relation.

“expressed via the cnzn (connection) element

251t is not yet implemented in OWL-DL, but in UML (Unified Modeling Language), which has a better tool
support. UML can, however, be mapped to OWL [Obj06].

2
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constraints seems suitable for our case, where a rather strict document model (as opposed
to rich text XML formats, for instance) constrains the input of such a conversion and a
well-defined ontology constrains its output. A standard solution to that problem is not yet
available, but there is research towards it: WEESA [RGJ05], a powerful declarative language
that defines a flexible mapping from XML to RDF using classes and properties from a given
OWL ontology and XPath expressions for extraction, looks promising and will be evaluated
for integration into the core of SWIM™. It is also desirable to reverse this mapping: Editing
services can use it on the ontology-to-XML level to find out which XML elements represent
a certain relation, and import assistants can use it to construct scaffolds of documents from
imported RDF triples.

Furthermore, extending the system ontologies by sub-statements and objects requires ex-
tracting explicit knowledge not only on page level, but from sub-structures of pages, and
allowing fragments of pages (represented as URI with a fragment identifier in XML, e.g.
statement-page#object) as subjects or objects of RDF triples.

4.5 WP-0S: An Ontology of Collaborative Environments

Not only will services access knowledge from documents, but also knowledge about user
interaction with the collaborative system and other users. If, for example, a learning ontology
like LOM?% is employed, which allows to express the difficulty of a statement, the latter could
be estimated by counting the number of comments annotated as “questions” to the page
containing that statement. The terms “page”, “comment”, as well as “user”, “edit”, and
“version” are independent from the scientific markup languages and their system ontologies;
they are part of the system ontology of the collaborative environment. Therefore, I will extend
the wiki ontology that is already available in IkeWiki and enable services to reason over the
union of both the documents’ and the environment’s system ontology.

4.6 WP-AV: Planning Services using Added-Value Analysis

A. KOHLHASE and N. MULLER point out that the “added value” of a service is relative to a
core solution to a specific core problem [KMO07]. According to their definitions, the SWIM
prototype offers a solution to the core problem of making semantically marked up documents
editable in a collaborative environment. From a user’s micro-perspective, there is still a lack
of motivation: The sacrifices the user has to make need to be identified and utilised as triggers
for specifying requirements for added-value services.

To discover potential added-value services, A. KOHLHASE and N. MULLER propose the
following design method called “added-value analysis” [KMO7]:

1. Identify a core problem (e.g. editing content) from the “micro-perspective” of an indi-
vidual user

2. Give a solution (i.e. an added-value service) to that problem.
3. Analyse the solution: Identify its benefits and sacrifices.

4. Both benefits and sacrifices may spawn new core problems and thus ideas for further
added-value services; go to step 1.

26Learning Objects Metadata; see http://1tsc.ieee.org/ugl2/
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SWIM | Trigger Core Problem Core Solution Value
Benefits Sacrifices
Core (initial) collaborative work social (web) e joint development | e keeping track of
environment . .. software e easy publishing others’ contributions
Core for scientific knowledge . .. semantic markup | e stepwise e hard to write
formalisation e not directly usable
e can be narrative for automated
e machine- deduction
understandable
Core ... management semantic work e reusable e making knowledge
environment knowledge “atoms” explicit
e explicit
dependency links
Core stepwise incremental editing based wiki e casy linking e danger of spam
formalisation on division of labour
AVS® easy linking find possible targets ® naive no more link typos .
auto-completion
AVS recommend allowed targets ontology-based e concise list of
only auto-completion appropriate targets
AVS explicit preserve dependencies upon | change e less conflicts
dependency links | editing management e improved
consistency
AVS hard to write support the user’s preferred | external editor
editor interface
AVS not directly extract logical structure
usable for aut’d
deduction

“(potential) added-value service

Table 1: An incomplete added-value analysis of SWIM™

This method can be applied at any stage of the development?”. If it is used for designing
new services (instead of improving existing ones), identifying the benefits of the solution to a
core problem rather means suggesting a solution and establishing requirements for it. I will
use this method to scrutinise the introductory argumentation (“Why do we need OMDoC
in a semantic wiki to manage scientific knowledge collaboratively?”), to develop new services
for motivation and instant gratification of users (see section 1.4), but also to adapt existing
services provided by external applications (see section 4.13) to the needs of individual authors
when connecting them to SWIM™. To learn about as many micro-perspectives as possible, I
will conduct a user survey.

While some services had already been specified before the method of added-value analysis
came to my knowledge at the end of January 2007 (see the following work packages), T will
also use the method to scrutinise these specifications. As an example, the beginning of an
added-value analysis, starting from the original core problem of my work, is given in table 1.

4.7 WP-SI: A Service Programming Interface

To facilitate the implementation of services after specifying them, a programming interface
will be designed that provides a uniform way to access the documents in the wiki as well
as the explicit knowledge extracted from them in terms of the upper system ontology, the
individual system ontologies, and the wiki system ontology. The requirements for the interface

2Tpersonal communication with A. KOHLHASE and N. MULLER
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will be determined by analysing the specifications of the planned services (see section 4.6)
with regard to the following aspects:

e What kind of added value does it provide to individual users ( “micro-perspective”) and
to the community (“macro-perspective”), resp.?

e How much knowledge does it use? Just the text of the current page, semantic infor-
mation about the current page, or (explicit or inferred) information about relations
between multiple documents?

e Does it only depend on the system ontology behind the markup language that is used,
or does it rely on a specific notation (e.g. XML)?

e Does it offer a one-step workflow, or does it require additional user feedback before
further steps are executed?

e Should it be entirely implemented as a part of SWIM, or does it make sense to integrate
an external tool instead?

4.8 WP-SA: A Service for Auto-Completion

To assist the user in finding a target for a link, an auto-completion service for the source
editor is planned (see also table 1): When the user enters a link like <proof for="ring-_
(a link from a proof to the assertion it proves in OMDOC), where _ indicates the cursor
position, the relation represented by this XML attribute is determined from the XML-to-
ontology mapping (see section 4.4). The ontology is queried for the range of the relation
“Proof—proves—?”, leading to the answer Assertion, and then a pop-up will be displayed
that lists all known instances of the class Assertion (i.e. all wiki pages that hold assertions)
starting with “ring-”. The input for the service is the current XML element, or more exactly,
the element name e, the link attribute name a and the (possibly incomplete) attribute value
v. The output is a list of all possible (w.r.t. the ontology) link targets.

Most likely, this service will be the first one to be implemented on top of the evolving
programming interface: It is fully ontology-based but works with any relation in a system
ontology; thus it is suitable for testing the system ontologies while they are still under de-
velopment. It does not use transitive closures of relations and thus does not require DL
reasoning (see section 4.2). Furthermore, it is fairly easy to implement (except maybe for the
pop-ups), and it is easy to evaluate its contribution to enhanced productivity in isolation: A
small SWIM™ installation with a few pages would be presented to two volunteers, who have
to create links between several existing pages — with auto-completion enabled or disabled,
respectively, — and the time difference would be measured.

4.9 WP-SD: A Dependency Graph Navigation Service

The user shall not only be able to navigate along the graph given by the transitive closure
of the dependency relation using dynamic navigation links, he shall also be able to explore
dependencies interactively — especially in an educational setting. Suppose that the user is
currently reading a page about the (mathematical) theory ring, which depends (via import)
on group and monoid, with group depending on monoid and monoid in turn depending on
semigroup (see figure 5). In this case the wiki shall not only display navigation links to the

19



Imports depends on:
= group

. imports = » monoid
Imports v Show these?
monoid Mo, thanks!
imports Yes, explain
Yes, explore |

v
semigroup Later |

Figure 5: A dependency graph (left); navigation buttons (right)

direct dependencies group and monoid, but it shall also provide unobtrusive buttons that
allow the user to give one of the following acknowledgments:

No, thanks! “I already know group and monoid, please let me just read about ring.”

Explain “Please show me group and monoid so that I can learn about ring’s prerequisites.”
— group and monoid will be displayed.

Explore “Please show me all prerequisites for ring.” — In our example, these are group,
monotid, and semigroup, which could be opened in separate windows or serialised into
one page.

Suspend “I want to know about group and monoid, but only later.” — The system keeps a
notice in the user’s profile that she wants to read group and monoid sometime. Reminder
links to suspended concepts are shown on a separate navigation bar.

Not only the last case should be recorded — the others are interesting as well for social
bookmarking. For example, if many users requested a concept ¢ to be explained, the system
could default to display not only the direct dependencies but also the level-two dependencies,
for it seems that c is too difficult for only being explained shallowly.

Furthermore, the system will not only keep track of which concepts the user wants to be
explained, but also which concepts the user has already learned. For each concept, a button
will be offered for telling the system “I have learned this”. Links to concepts learned can then
be disabled or displayed in a more unobtrusive colour than links to concepts that are new to
the user. Concretely, this service comprises two steps:

1. The first step (making suggestions, presenting the action buttons) requires as input the
currently viewed concept ¢, a reference to the dependency graph, and, possibly later,
the user’s preferences and background knowledge. Its output is a tree ¢ of concepts that
c depends on. DL reasoning is needed in this step because of transitivity.

2. The second step (displaying wanted pages, bookmarking) requires as input ¢ and ¢ from
step 1, and the information which button the user pressed. It returns the desired pages
to the user and keeps a bookmarking record in the knowledge base.
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4.10 WP-SM: A Dependency Management Service

If there are explicit dependency links between wiki pages, changes to the concept depended
upon can render the other concept invalid. If, for example, in SWIM™, a mathematical
theory t depends on a theory ¢, we cannot exclude that modifying a definition in ¢’ breaks
t because some proof in t relies on it. While the fact that knowledge models in semantic
social software “slowly and dynamically evolve over time”, leading to “inaccuracies and even
inconsistencies” [Sch06b], has been observed by SCHAFFERT and others, there is not yet a
solution for preserving dependencies in semantic wikis.

In a collection of scientific knowledge, I do, however, consider dependency between state-
ment and theories one of the most important relations — in accordance with current research
on theory management (see section 2.2.1). In mathematics, for example, known results are of-
ten generalised to find the “real” dependencies, mathematical theories and books are rewritten
to make dependencies minimal. Note that it is impossible to formally verify all dependencies,
though. In OMDoc, for example, it is sufficient for proofs of theory inclusions to fulfil certain
structural properties; therefore, a dependency could formally be broken but seem intact to
the system anyway. In natural sciences, there are no proofs altogether; successful experiments
can only give evidence of an assumption. Therefore, SWIM™ services can only rely on the
dependency links asserted in the semantic markup to help users to maintain dependencies.

As OMDoc and other scientific markup languages are both structured data formats and
ontology languages in their respective domains (see section 3.4), results of research on change
management in these areas can be applied to SWIM™: N. MULLER of our work group aims at
realising a practicable ontology-based change management for OMDOC and other structured
document formats on top of informal document engineering processes [Miil06]. Change man-
agement for generic structured documents with semantic interrelations has been realised for
MMISSITEX [KBLL104], a structured IATEX-based format whose system ontology served me
as an inspiring example for modeling OMDoC’s system ontology. Change management for
mathematical and logic-based documents with strong dependencies modeled by development
graphs (see section 2.2.1) has been formally investigated by HUTTER [Hut04], and change
management for OWL ontologies is described by KLEIN et al., who differentiate “between
version relations [between the definitions of concepts ... in the original version of the ontol-
ogy and those in the new version] and conceptual relations inside an ontology” [KFKO02].

As long as a ready-to-use change management solution for integration into SWIM™ is not
available, though, I aim at providing an incomplete but usable change management assistance
service. To that end, I assume that those hyperlinks that represent dependencies (as specified
in the ontology-to-XML mapping; see section 4.4) do not point to concepts in general, but to
certain versions of them?®. When an author enters a link to a theorem thm, for example, this
reference will be stored internally as thm/n, where n is the number of the latest version. If
the service encounters a versioned link that no longer points to the most recent version, the
user is asked whether to have it updated.

1. The input to the first step is the currently viewed concept c¢. For each concept d; linked

from ¢, the version number v; in the link is compared to the most recent version number
/

v, If they differ, (d;,v]) is appended to the output. The user interface is the usual

(2
editing box, with indicators next to each updatable link d;.

2801d versions of a page are available for free in a wiki, and the concept of a “version” will be an integral part
of the wiki system ontology.

21



2. If the user clicks on such an indicator, a pop-up dialog with links to d;/v; (i.e. the old
version of page d;), d; /v and a comparison page diff (d;/v;, d;/v}) as well as two buttons
labeled “keep” and “update” appears®®. The user’s reaction to this dialog serves as
input for the third step.

3. If the user wants to have the link d;/v; updated, its source code is replaced by d;/v}.

Manual confirmation of an update should only be demanded when the semantics of d; has
changed from version v; to v). As this is non-trivial to decide, the user who makes a change
should have the possibility to classify his change3".

A second service handles the opposite case: It should warn the user upon changing a concept
e that many other concepts f; depend on, that changing the semantics of e might affect the
integrity of the f;:

1. The only input argument to the service it the current concept e. The service queries
the knowledge base for all concepts f; depending on e — possibly also transitively, if
DL reasoning is employed.

2. The output is the list f;;. To the user, this might be presented as a warning like “n
concepts depend on the one you are editing”. If the user makes a major change (w.r.t.
the classification mentioned above) that affects many dependents, SWIM™ could offer
copying e to a new concept €', which is to be specified as another service.

4.11 WP-SE: An Edit-in-Place Service

Users can already split large OMDoOC documents into their individual concepts in the SWI1M
prototype, but in some cases, even a single concept can be too large to edit — consider a
complex proof with many steps or case distinctions. Some wikis, such as MediaWiki, allow
for editing individual paragraphs of pages [Wik06a]. The Edit-in-place interface [The06] of
Rhaptos (the software run by Connexions; cf. page 5) — is even more user-friendly; it is
particularly suitable for editing or inserting sections in large XML documents with shallow
structures. It is optimised for the CNXML format, but the idea can also be adapted to other
formats whose structures are not too deeply-nested3'. The documents are displayed in a
near-WYSIWYG view, but clicking on a section replaces its view by a text area containing
its XML source. The section can be deleted or edited and saved by an asynchronous request
to the server.

The user interface to the edit-in-place service will be embedded into the presentation mode:
If the user has the permission to edit a page, an “edit” button is added to every section. The
user interacts with the service in three steps:

1. In the first step, the current page is structured section-wise. This is implemented as
a part of the transformation of the page for presentation. To determine which XML
elements denote sections, the service first queries the system ontology of the language of

29 An alternative user interface could allow the user to select multiple links with check boxes and have all of
them updated at once.

30Many wikis distinguish between “major” and “minor” changes. More sophisticated classifications of changes
in the context of ontologies are discussed in [KFKO02, PT05, Mil06].

3'While OMDOC can be deeply nested, SWIM ™' will not advise users to do so, but rather to split documents
into several small, reusable wiki pages.
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the current page for subclasses of the “section” class from the upper system ontology;
then it queries the ontology-to-XML mapping (section 4.4) for those XML elements
that represent them. The output is a presentational view of the page, with each section
marked (e.g. by a frame) and prepared to be edited upon user’s request via embedded
JavaScript code.

2. The user triggers the second step by selecting a section for editing. The service is
provided an identifier of the section (e.g. its xml:id or an XPath expression). The
presentation view of the respective section is replaced by an editing box with the source
code of the section’s text and buttons for saving and canceling the edit as well as deleting
the section. “Save” and “Delete” requests are sent to the server, while “Cancel” can
be handled on the client by just replacing the editing box with the cached presentation
view.

3. If the user requests the section to be saved or deleted, the third step is triggered. The
source code of the page, with the respective section replaced or deleted, is stored to
the page database. RDF triples whose subjects are fragments within the section (see
section 4.4) are re-generated. While it is desirable to have only the replaced section

re-rendered for presentation — instead of the whole page —, it is open whether that is
possible using the available transformations of the respective scientific markup language
to XHTML.

4.12 WP-SP: Scientific Publishing with SWiM+

One application of scientific markup is preparing documents for publishing. For example,
narrative OMDoC documents are ready for transformation to XHTML+MathML or BITEX
(and to PDF from there) for publishing on the web or on paper [Koh0O6c]. This applies to
the intended uses of SWIM™ in education as well as research. Therefore, I will establish
requirements for SWIM™ as a publishing tool, following BERGHEL [Ber99] and others, and
integrate existing publishing workflows as services.

4.13 WP-S0O: Other Services

This work package serves as a placeholder for other services. The services specified so far
do not yet cover all intended use cases of SWIM™ given in section 1.1. I expect solutions
for the remaining use cases as a result of an added-value analysis (see section 4.6). These
solutions need not necessarily be services that will be implemented within SWIM™, but con-
necting external web services or applications to SWIM™ could also make sense in cases where
these have already been developed; consider, for example, semantic search for mathematical
formulae, which is already provided by MathWebSearch [Kc06], or WYSIWYG editing for
OMDoc, provided by the Sentido Mozilla extension [Pal06].

4.14 WP-CS: Case Study as a Tool for Scientists

Applying the results achieved with OMDoC for mathematical knowledge management to
other sciences is a major concern of our work group, in cooperation with other groups from
physics, geosciences and chemistry. That gives me the opportunity to evaluate SWIM™ as
a tool that supports scientists developing theories (see section 1.1) in an interdisciplinary
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setting. In particular, I will concentrate on evaluating the feasibility of integrating common
traits of scientific knowledge in the upper system ontology and on general services relying on
that ontology — such as the dependency management (see section 4.10) — across the borders
of individual sciences.

4.15 WP-CE: Case Study in Education

SIEX is a package for structural semantic markup of I¥TEX documents, which can then be
converted to OMDocC [Koh06b]. M. KOHLHASE maintains his slides and lecture notes for the
“General Computer Science I & 11”7 course at Jacobs University Bremen in this format; so far,
there are more than 1,000 SIEX modules, which correspond to (small) OMDOC theories. This
corpus will be imported into a SWIM™ installation accessible to the students; in particular,
the dependency graph navigation service (see section 4.9) and facilities that allow students
to interact with the instructor, such as the commenting feature proposed in section 4.5, will
be evaluated.

4.16 Preliminary Schedule

Figure 6 shows the preliminary schedule for completing my Ph.D. thesis within three years.
Most of the work packages are divided into a “core” and an “additional” part. While the
major work will be done in the core part, the second period is scheduled for extending services
by additional features or extending the system ontologies by additional concepts required by
the evolving services. Furthermore, I expect feedback for improving the services from the
case studies.

Regarding the publishing of my results, I plan to present and to discuss the original idea
and first experiences at relevant workshops. I will publish later results as workshop and
conference papers and finally compile the Ph.D. thesis from my overall results.

5 Conclusion and Outlook

At the end of my work, the case study penefit

. Q
WP-CS will have shown whether SWIM™ A &
can serve scientists of several areas as a Qj%lj .

powerful tool for developing and publish-

: : SWIM™* [ 3

ing new theories — supported by depen- (2000) .-~ Formal Methods
dency management and other services. The

case study WP-CE will have shown whether X my challenge

SWIMT™ improves education by support- Wikigedi/e;/ Semantic Web

ing self-directed learning and by allowing
instructors and students to interact about
the syllabus of a course. Furthermore,
the reusability of the knowledge managed
within the SWIM™ environment on the
Semantic Web will have been evaluated;

a concrete case study has not yet been
drafted.
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Figure 7: The Semantic Web Challenge
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*The ontology modeling process is needed for every language that is integrated into SWIM™.

“The upper system ontology evolves with the individual system ontologies.

While one added-value analysis is needed in the beginning, the services will be evaluated in subsequent
analyses.

I expect that the service programming interface needs to be extended while the first services are implemented
to meet their requirements.

fmplementing the navigation features beyond the basic requirements may take some more time.

9These plans may change once N. MULLER’s management of change solution locutor is ready for integration
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planned yet.

“The schedule for the projects with our cooperation partners is not yet definitive.

IThe main part of this study will be conducted during the spring semester 2007; a second run will take place
in the fall semester.

Figure 6: Preliminary Schedule
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I am convinced that SWIM™ will demonstrate how the Semantic Web can be improved — by
providing a higher benefit to the users through various services while reducing the investment
the users have to make (see figure 7). The achievements made by services running in the
“testbed” of SWIM™ can then be transferred to the “large” Semantic Web, following an
idea by SCHAFFERT [Sch06b]. If my approach of supporting interoperability using system
ontologies — both of markup languages and of the work environment — as an abstraction
layer succeeds, porting the SWIM™ services to other semantic work environments will become
possible by creating an upper system ontology for wikis and other environments.
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