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Abstract
In this paper, we provide a mechanism to map topics between similar Topic Map ontologies, which enlarge
the capacities of current Topic Maps. That is, there is no explicit way to map topics across multiple Topic
Maps in current technology. Therefore, our approach provide semi-automatic or automatic mapping of topics
between Topic Maps. In order to map the topics, we provide precise definitions of mapping properties and

mapping rules.

1. Introduction

Topic Map has emerged as a mean to provide machine
understandable semantics [1, 2, 3, 4]. Thus, the idea of Topic
Map can be enriched with precisely defined metadata scheme
(i.e., Topic Map ontology) in a way that it can be used for more
effective discovery, automation, integration, and reuse across
various applications [S]. Currently, related to the Topic Map,
several important researches are being under comsidered to
enhance the capability of Topic Map such as formalizing
knowledge, reasoning mechanism, knowledge representation,
etc [1]. However, the current Topic Map requires more than that.
It amounts to agree on mapping of topics for similar Topic Maps
constructed by different domain experts. If not, tedious manual
work is required to integrate Topic Maps when users navigate
Topic Maps. In this paper, we provide a semi-automatic or
possibly automatic mechanism to map the topics. As shown in
figure 1, the main idea of mapping topics across multiple Topic
Maps is as follows:

o First, we precisely define the mapping propertics and
mapping rules to map the different Topic Map ontologies.

¢ Second, find the places in the ontologies where they overlap
and relate concepts that are semantically close via equivalence

and subsumption relations

s Third, when topics are going to be mapped, we use the
WordNet hierarchy, which is a linguistic ontology [6, 7, 8], as a
reference model to map topics. Because, the WordNet
knowledge taxonomy provides the general framework of real
world knowledge representation. In this paper, we assumed that
the topics in the Topic Maps were constituted with the natural
language as in the WordNet concept.
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Fig. 1. A Framework of mapping topic map
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The novel contribution of this paper is that we provide a precise
mapping properties and rules for Topic Map ontologies.

The organization of this paper is as follows: the next section
discusses related work. In section 3, we provide mapping
technique. Finally, in section 4, we give a conclusion and
address future work.

2. Related Work

In this section, we briefly discuss the concept of WordNet and
Topic Map in subsection 2.1. In subsection 2.2, we explain the
basic concept on the ontology integration, which is directly
related to our research.

2.1 WordNet and Topic Maps

WordNet is an online lexical reference system whose design is
inspired by current psycholinguistic theories of human lexical
memory. English nouns, verbs, adjectives and adverbs are
organized into synonym sets. Each concept, topic in this paper,
is interrelated with semantic relation thereby a knowledge
taxonomy can be generated. Also, the synonym set, called
Synset, i8 the coliection of synonymous concept set. Therefore,
we can traverse the taxonomy via the semantic relation such as
IS-A, Part-of, etc. Also, we can find the synonymous word from
corresponding synset.
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Topic map, as defined in ISO/TEC 13250, is used to organize
information in a way that it can be optimized for navigation.
Therefore, the main goal of creating Topic map is designed to
link large quantities of unorganized information. That is because
information is not useful if it cannot be found or linked. For
example, in the paper publishing world, there are several
mechanisms to organize and index the information contained
within a book or document. Indexes allow readers to go directly
to the portion of the document that is relevant to their
information needs. Similarly, Topic map can be thought of as
the online equivalent of printed indexes. Topic Map allows
users to create a large quantity of metadata and tightly
interconnected data, where they constitute a kind of semantic
network above the data themselves. Therefore, a Topic map is
considered as an aggregate of topic characteristics, including
Topic, Association, and Occurrence 3, 4].

2.2 Ontology integration

The need to integrate number of ontologies is that ontologies are
existed in the same area but cover different aspects, contain
overlapping information [9, 10]. Ontology integeration can be
divided into several sub-part such as mapping, aligning,
merging, and integrating. Mapping relates similar concepts or
relations from different sources to each other by an equivalence
relation. Aligning brings two or more ontologies into mutual
agreement, making them consistent and coherent. Merging
merges different ontologies about the same subject into a single
one that unifies all of them. And, integrating builds a new
ontology reusing other available ontologies (i.c., assemble,
extend, specialize). Therefore, ontology integration is a
complicated process mostly done by hand. That is because it is
difficult to find the terms that need to be aligned and the
consequences of a specific mapping possibly unforeseen
implications are difficult to see.

3. Mapping Technique

This section discusses the mapping properties and mapping
rules to map the Topic Map ontologies.
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Fig. 2. Knowledge Taxonomy

As shown in figure 2, two Topic Map knowledge taxonomies
are used in order to demonstrate the proposed mapping
technique. The figure 2 (a) is a Topic Map ontology derived
from tourism domain and figure 2 (b) is derived from rent car
domain.

3.1 Mapping Properties

As discussed in the section 2, the WordNet uses sets of
synonyms, called synsets, to represent word senses. For example,
the semantically synonymous word of car is auto, automobile,

machine, and motorcar in the synsets.

Then, let A be a mapping function of topic T in the Topic Map

ontology to corresponding synonym set, synsets, in the WordNet,
then A is defined as A:T — Synset. From the mapping function,

we can define the mapping properties of topics as follows:

Definition 3.1 (Equal) Two topics £ and ¢, t € T ,under

ontology p and q, s I, respectably are equal lf and only if the
topics satisfy the following condition:

e~ ey 22)=(1=")

Let t < t, be represented as the implication form of
subsumption hierarchy such that t, is the subtopic of t,, then we
can define the following as the specialization of topic :

Definition 3.2 (specialized topic) Two topics ¢, and ¢, under

ontology pand q,p t,, respectably are specialized topics of pt,

and 1f and only if the topics are in the form of 1, Pt,., qt" <
t]. and satisfy the following cases:

1L.C4="=> ("1, ) <(andv(", ) <y

2,012 "y = v('1,) <C)yand v('t,) < (1)

The new topic indicates that a topic in the Topic Map ontology
does not have corresponding topic in the WordNet. Therefore,
the following definition justifies the notion of new topic:

Definition 3.3 (New topic) Given a topic ¢, under ontology p or
g respectably, a topic ¢, is a new topic #, if and only if the topic
satisfy the following condition:

(N =2)=(4,=1,)

The irregular topic is the case that the mapping from a topic in
the Topic Map ontology to Synsets in WordNet satisfies {1(T)}
# . However, the topic does not follow the WordNet taxonomy.

Definition 3.4 (Irregular topic) Let ¢, be a topic under ontology
porgand I, € Synsets be a topic in WordNet. Then, ¢ is a
irregular topic ¢, if and only if the topic satisfy the following
condition:

(M)} = @) and (1, £ L)) => (£,=1,)

3.2 Mapping Rules

The method for mapping of ontology varies according to the
purpose of a system. In the proposed approach, the mapping is
based on the mapping properties defined in sub section 3.1,
where we presented four different constructs of mapping rules
used to map the separate Topic Map ontologies as summarized
in table 1 below.
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Table 1: Mapping Rules.

Operation Symbeol Construct of Mapping Rule
Equal SEqul (TI@A 50 TI@B) = TI@{A,B}
Specialized
}()Ze:ncept :h“‘ﬂ’ Tl @A D Specialtzed T2@B
New Concept = New TI@A =y T2@A
Irregular Cireguter TI@A Dpregur TZ@A

The equal operation takes the form of (T\@A < rua TI@B) =
T:@{A,B} where T\@A and T\@B indicate the source topic T,
in the domain A and B respectably from the Topic Map
ontologics. That means, the two topics of T, are mapped into
one topic if and only if both topics are semantically equal. For
example, the topics car in figure 3 can be represented as
(Car@a ©ppua Car@b)=Car@{a, b}. The specialized topic
takes the form T\@A = geciatizes T2@B meaning that the topic T,
is the specialized topic of the topic T,. Further, the T should be
the shortest upper topic in the mapped Topic Map ontology.
Identifying the shortest upper topic can be obtained by
referencing WordNet hierarchy thereby the topic T, can be
attached to T, For instance, the rule Vehicle@b = geciaizes
Transport@b indicates that the topic vehicle is specialized topic
of the topic transport although there is no explicit specification
between them. Again, this implication is derived from WordNet
taxonomy. The form of new topic T@A = y.. T:@A implies
that the topic T) is the specialized topic of the topic T,. However,
the topic T, does not exist in the WordNet vocabulary. The
mapping rule Lincoln@b =y, Sedan@b can be the example
for the new topic. Therefore, in this case the topic T, moves
together with the topic T, while being attached to T,. Finally,
the irregular topic is the case that two topics are equal but one or
both of the topics does not follow WordNet taxonomy. For
instance, from the mapping rule Horse@a .5, Transport@a,
we know that both topics exist in WordNet but they do not
follow the hierarchy. The figure 3 shows the results of mapping
Topic Map ontologies where the topics are mapped according to
mapping properties and mapping rules. In figure 3, the thick
solid lines between topics fransport and vehicle, and between
topic sedan and Lincoln indicate the new link generated from
the mapping rule of specialized topic and new topic respectably.

Fig. 3. A mapped Topic Map ontology constructed from the mapping rules.
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4. Conclusion

Topic Map mapping technique can be used in many different
areas such as ontology integration, Semantic web searching, etc.
In this paper, we proposed a technique to map topics across
multiple Topic Map ontologies. The outstanding feature of the
proposed approach was that our method resolved
interoperability issue across mmltiple Topic Map ontologies.
Because, the current Topic Map has no mechanism to interrelate
topics across multiple domains of topics. The strongpoint of this
paper is that we provided precise mapping properties and
mapping rules. We are planning to implement prototype system
for the future work.
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