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Abstract: If Topic Maps should be exchanged in distributed environments a
common semantic problem occurs: Do two Topics refer to the same Subject? If
they describe the same Subject the given Topics have to be treated as one unit in
the given context. Especially in integration scenarios this might be important.
Within the Topic Map theory the merging paradigm and the description of
Subjects of discourse is the central design criterion. These methods provided by
the standard lead to sufficient results, but only if two distributed Topic Map
authors share the same vocabulary for Subject description. But in our current
research with automatic generated, hand-crafted refined Topic Maps we have to
handle heterogeneous vocabularies. To solve the arising problems we introduced
the Subject Identity Measure (SIM) which describes how closely related the
Subjects of two distributed Topics are.

In the context of the doctoral consortium on the one hand we want to show how
the omnipresent problem of Subject Identification is solved in the Topic Map
theory, including the attendant shortcomings. On the other hand we want to
discuss how our solution of automatic Subject comparison can be enhanced (with
experiences from related technologies) and how our solution can be used to
integrate the Topic Map world with other XML technologies based on the merging
paradigm.

1 Problem

In our current research we are engaged in the automatic generation of Topic Maps' from
unstructured text corpora with statistical means of NLP. Topic Maps are developed as
powerful, exchangeable indexes for heterogeneous and distributed information
resources.” This means, that we automatically create indexes for these collections of
heterogeneous and distributed information resources.

! To avoid ambiguity all terminology concerning Topic Maps is capitalized.
% In contrast Topic Maps can be used in other application for machine based communication too. One example
is the project Shark for location based Topic Maps in mobile environments [SG02].



For large corpora our approaches are nearly completely automatically [see HLQOI,
BHQWO02]. To get a similar precision and recall for small document collections too, we
use a combination of these statistical methods, other methods derived from automatic
term recognition and relevance feedback [see BMWCO04]. For real application both
contexts need means for further refinement on top because humans accept these
automatic structures only if they have possibilities for correction [MHBGO3]. In addition
some foreseen ideas, like the cognitive semantic web [see Th02], bases on such
handcrafted user refinements and remarks. The automatically extracted raw Topic Maps
can be treated as a shared vocabulary but the user refinements lead to heterogeneous
vocabularies. And they lead to new challenges.

Automatically generated, hand-crafted refined Topic Maps can be used for distributed
knowledge management [see Cu03, Sc04]. With our application TOMATO [see for full
detail BMWCO04] distributed users can generate automatically Topic Maps from different
text sources. In our application such a collection of texts, the resulting Topic Map and
the included user refinements are called a Tomatlet. If the distributed users join a team
(or a community of interests) they want to merge (unify) there Tomatlets.

Merging of Tomatlets leads to the issue of our contribution. Merging is the central
paradigm of the Topic Map theory. If two distributed Topic Maps meet the process of
merging must be applied. This means that if two Topics describe the equal Subject (this
decision is supported by equality rules) within the same Topic Map they must be unified
to one Topic (this process is defined by merging rules). In the final Topic Map only one
binding point for all information concerning one Subject is allowed. Within in the Topic
Map standards the fundamental design criterion “One Topic for One Subject” is well
defined and applied. But problems occur if the Subjects of Topics aren’t described with a
shared vocabulary. We are materially faced with this problem in TOMATO. For (content
based) indexing purposes with user refinements the usage of a shared vocabulary is
limited because of a low inter-indexer consistence [see FLGD87, Br90, SC04]. In this
case all equality rules defined in the Topic Map have strong limitations or fail.

Summarizing we sketched the following problem to solve: Topic Maps are human centric
indexes for heterogeneous and distributed information resources and are developed for
interchange purposes. “One Topic for one Subject” leads to a consistent behaviour of
Topic Maps in interchange scenarios, but only if Topic Map authors use a shared
vocabulary for Subject Identification. But how this interchange can be applied if
distributed Topic Map authors couldn’t use such a shared conceptualisation?

To solve these problems we introduced the Subject Identity Measure (SIM) which
describes how closely related the Subjects of two distributed Topics are. This measure is
calculated automatically from the content of each Topic. In general we foresee for the
usage of Topic Maps interesting application based on their matured Subject
Identification skills. This might be distributed knowledge management systems [Sc04], a
fruitful cooperation with Semantic Web technologies [Gars] and the integration of
unstructured and structured information in business processes. We assume that the usage
of the SIM enhance these possibilities additionally.



In the context of the doctoral consortium we want to show on the one hand how the
problem of Subject Identification, which is omnipresent in all integration scenarios, is
solved in the Topic Map theory, including the attendant shortcomings. On the other hand
we want to start a vital discussion how our solution can be enhanced (with experiences
from related research areas) and how our solution can be used to integrate the Topic Map
world with other XML technologies.

2 Some thoughts about the Topic Map Theory

The best known representation of Topic Maps is there serialization in the XML based
notation XTM [see XTM]. Besides the existing (but very rarely used) HyTime’ notation
XTM is the kernel of the current standard. But for the 2 and substantially matured
version of the Topic Map Standard Family (which is under ISO control) the Topic Map
Data Model [TMDM], which uses the XML information set model [Infoset] as meta
model, will be the central theoretical kernel.* Although XTM will be the solely exchange
format in the following we concentrate on the TMDM.

The main theoretical design criterion of Topic Maps is called “One Topic for one
Subject”. In order to understand this criterion, we need to explain the notions of Topic,
Subject and their relationship. A Topic is “a symbol used within a topic map to represent
some subject, about which the creator of the topic map wishes to make statements”
[TMDM]. A Subject is “anything whatsoever, regardless of whether it exists or has any
other specific characteristics, about which anything whatsoever may be asserted by any
means whatsoever. In particular, it is anything on which the creator of a topic map
chooses to discourse.” [TMDM] Shortly, a Topic describes a Subject (which is any
possible idea or artefact of discourse) from the perception of the current Topic Map. This
implies that within each Topic its Subject must be declared. Using this terminology we
can describe our automatic generation methods for Topic Maps within the Topic Map
standard. We have to detect interesting Subjects in the given corpora, create their
representations (Topics) in a Topic Map and name them in the context of the given Topic
Map. In addition relationships between Subjects must be detected automatically,
represented as Associations between the regarding Topics.

Before the Subject of a Topic can be declared, the Topic Map author must be sure of the
according Subject. Important philosophical questions arise: What is identifiable? What
constitutes the boundaries of a thing in respect to its identity? Can identity evolve in
time? Is identity situational or relative? How must properties of a thing change to alter its
identity? What about versions and copies? These questions (discussed in detail in
[Ke78], [Ke03]) show the limits of purely computational approaches to merging because
they hardly handle indefiniteness, openness and ambiguity.

* The differences between these two notations are discussed in [N277].

* The Topic Map Data Model is an Application (as defined in the [TMRM]) of the Topic Map Reference
Model. Because we are only interested in these Applications of the Topic Map Reference Model we are not
leave it aside at the moment.



“The process of merging ensures that whenever two topics are known to represent the
same subject, they are merged.” [TMDM] But how a Topic can declare its Subject?
Within the TMDM two (objectively analyzable) means are implemented:

- The Subject Locator is used whenever the Subject of the Topic is an
addressable information resource. In this case, the URI of this resource is used
as a Subject Locator.

- Because Subjects can be anything (not only addressable resources) a Topic can
declare its Subject with the help of a Subject Indicator, too. A Subject Indicator
is an information resource which describes the Subject. The URI of this
information resource is called Subject Identifier.

To obtain “One Topic for one Subject”, two Topics which have the same Subject
Locator or a pair of identical Subject Identifiers have to be merged. The distinction
between Subject Locators and Subject Identifiers doesn’t exist in the RDF / OWL world,
but an integration might be fruitful. See as a starting point for this discussion [PS03].

These rules work well if all authors of Topic Maps have made agreements about a shared
or centralised conceptualisation of the represented knowledge. These agreements are
called Published Subject Indicators (PSI) [Oasis]. These PSIs are published (but not
necessarily public) descriptions of Subjects which should be reused by as much Topic
Map authors as possible to obtain a broad interoperability of their Topic Maps. Examples
in the literature which discuss the merging of distributed Topic Maps (or Topic Maps
and RDF documents) exclusively use PSIs [see CPV03, Gr02, Sc04]) because of the
absence of solutions for open vocabularies.

However, in distributed environments with a high autonomy of the clusters, the
mechanism of PSIs has its shortcomings. A PSI will only be used if it is visible to a
Topic Map author. In TOMATO our automatic Topic creation leads to similar PSIs for
similar Subjects even if the Tomatlets are distributed. But the user refinements and the
Topics inserted by hand annoy this systematic heavily and we have to deal with
heterogeneous vocabularies.

3 SIM — The Subject Identity Measure

But if no PSIs are used, merging of Topic Maps becomes impossible because there will
probably be no common Subject Indentifiers/Locators. And this might happen even if the
Topic Map authors made assertions about the same Subjects in their private Topic Maps:
If the distributed authors used different Subject Indicators to indicate the same Subject,
the regarding Topics, which should theoretically be merged, rest apart.



But “Merging beyond the minimal rules [defined in the TMDM] is freely allowed. Most
commonly, this will be done by inferring the subject of the topics from their
characteristics.” [TMDM]. Therefore, we introduced a Subject Identity Measure (SIM).
The SIM describes how closely related the Subjects of two distributed Topics are, even if
the authors didn’t use a common vocabulary. This measure is calculated by comparing
the content of two different Topics with statistical NLP methods. See for full detail and
the lasting shortcomings [MWO04]. If this measure is 1 the regarding Topics definitely
represent the same Subject (according to the rules defined in the [TMDM]). If the
measure is 0, the regarding Topics definitely represent different Subjects. All values
between 0 and 1 support a human being to decide whether two Topics represent the same
Subject. All pairs of Topics that have a SIM which is higher than a certain threshold will
automatically be proposed for merging.

Recapitulating, the SIM helps to propose merging of distributed Topics which represent
the same Subject but where the centralised Subject Identification fails.

4 Conclusion —Discussions we want to stimulate at XDWS 2004

We described the merging paradigm of Topic Maps in detail. In addition we introduced
the SIM which helps to abate shortcomings of this paradigm in distributed environments
where the regarding Topic Map authors don’t use a shared vocabulary.

We foresee the merging paradigm as a central binding point between Topic Maps and
other XML technologies, especially semantic technologies. We want to discuss how the
idea of Subject Identification and Uniqueness is solved in other technologies and how
these solutions can be used to create content based connectors between Topic Map based
and other applications. Because Topic Maps are especially suitable in human centric
applications and other Semantic Web technologies are especially suitable in machine
interaction applications we envisage great benefits in the connection of these two worlds.

Besides we want to discuss how the SIM can be enhanced. On the one hand we are
interested in ideas which especially address the structure of Topic Maps. On the other
hand we are interested how the problem of automatic Subject detection and comparison
is solved in other XML technologies.
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