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Abstract. The Semantic Web initiative aims at automating semantics’ embedding in Web
pages so that richer information retrieval, data integration and improved navigation can be
supported. Domain ontologies are used in this direction, providing a way to semantically
characterizing Web documents if a mapping of the documents to the ontology concepts can be
managed. Given such an ontology, the main problem that arises due to the rapid changes of the
Web resources is monitoring the domain changes and update the given ontology respectively.
In this paper we propose a semi-automated method for ontology evolution using documents’
clustering, from the results of which ontology enrichments and updates are extracted.

1 Introduction

Over the years a large number of research issues have been raised concerning the ex-
istence and the use of the ontologies in the Semantic Web. Primarily, a vast amount
of research has been committed on how to represent knowledge using ontologies,
and on the languages that can be used for defining and handling them. Further-
more, research issues are brought forward in Maedche et. al. (2003) concerning the
use of ontologies for Enterprise Knowledge Management with emphasis on the e-
commerce. Attempts have been made so that an integrated enterprise-knowledge
management architecture for implementing an ontology-based knowledge manage-
ment system is created.

In this paper, we are tackling the issue of semi-automated ontology evolution
and propose a method that utilizes document clustering for this task. Our notion of
an ontology complies with the ontology model introduced in Motik et. al. (2002).
The method capitalizes on the THESUS system (Nguyen et. al. (2003)) that enables
organization of Web documents into semantic clusters. Our goal is to automati-
cally suggest for a given domain ontology four types of changes to the user: new
concept insertion, new instance insertion, concept merging and concepts declining.
Concisely, the contribution of the work presented in this paper is two-fold: 1) A
new semi-automated method for ontology evolution is proposed based on clustering
a well defined subset of the WWW. The innovation of the method lies in mining
the constantly changing Web resources with a clustering algorithm to update the
conceptualization of a domain. 2) The underlying method mechanisms utilize a hi-
erarchical thesaurus to map Web documents to ontology concepts and constitute an
innovative approach for semantically characterizing Web documents with a given
ontology’s concepts.



2 Tsatsaronis et al.

The remaining of this paper is organized as follows: Section 2 introduces the
notion of some preliminary concepts, like ontology evolution, THESUS system and
thesauri. Section 3 introduces our evolution approach and formally defines the four
types of the method’s proposed ontology changes. Section 4 describes an experi-
mental set up created to evaluate our method’s performance. Section 5 musters the
related work in the field of ontology evolution. Section 6 concludes and sets a po-
tential basis for the continuation of this work.

2 Preliminary concepts

Since the proposed semi-automated ontology evolution method capitalizes on the
THESUS system, this section gives a brief introduction on THESUS, as well as
to the process of ontology evolution. Furthermore, the role and use of a thesaurus
in our method is elucidated and its relation with the ontology evolution process is
explained.

2.1 The problem of ontology evolution

In this paper we shall adopt the definition of an ontology evolution process given by
Maedche et.al (2003), according to which ontology evolution is "the timely adap-
tation of an ontology and consistent propagation of changes to the dependent arte-
facts”. The problem of ontology evolution is partitioned into single ontology evo-
lution and multiple ontology evolution (Maedche et. al. (2003)). In this work we
tackle with the problem of single ontology evolution, and consider this ontology
residing in a single node.

Changes in an ontology evolution process are separatectiatoentaryand
composite(Stojanovic et. al. (2002)). The afflicted parts of ontology changes are
the ontology concepts, the ontology instances and the ISA relations. Some of the
elementary changes, as described in Stojanovic et. al. (2002), that can be applied in
an ontology are the addition of a new concept/instance/IsA relation, the deletion of
an existing concept/instance/IsA relation and the modification of an ISA relation. In
this work we deal with the addition of new concepts and instances and the deletion of
existing ones. A proposed placement of the new concepts/instances in the ontology
is suggested to the user.

Combinations of the aforementioned changes can lead to composite changes,
as described in Stojanovic et. al. (2002), some of which are the merge of existing
concepts, the split of existing concepts into several concepts and the extraction of a
superconcept from existing concepts. The proposed method deals with the merging
of existing concepts.

2.2 THESUS system

The Thesus system (Nguyen et. al. (2003)) organizes Web documents into semantic
clusters, exploiting the semantics of both document content and links and utiliz-
ing two different clustering algorithms, DB-Scan and COBWEB (see Nguyen et.
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al. (2003) and references therein). THESUS comprises of five basic modules: 1)
the information acquisitiormodule, that gathers a set of URLs which appear rel-
evant to the topic under consideration, 2) thiormation extractiormodule, that
extracts keywords from Web documents, 3) thiermation enhancememhodule

that enhances extracted hyperlink information with semantic information by map-
ping extracted keyword sets to sets of concepts in an ontology, 4)lalsering
module, that partitions the set of URLs into semantically coherent subsets based
either on the extracted keywords or on the respective ontology concepts describing
the topic under consideration, and 5) tigery enginghat enables searching in the
collection. Our work capitalizes on the THESUS system, and thus the existence of
an initial domain ontology and a thesaurus, the later of which will be used for the
mapping of documents to domain ontology concepts, is taken for granted.

2.3 Thesauri, concepts, instances and IsA relations

The THESUS architecture makes use of a hierarchical thesaurus in order to find
the best possible mapping, according to an extension of the Wu and Palmer dis-
tance measure (Wu and Palmer (1994)), between a set of keywords describing a
Web document and a set of concepts of the given domain ontology. The hierarchical
thesaurus used in the case of THESUS is Wordnet. So, the role of Wordnet in THE-
SUS is to act as the graph in which both the domain ontology concepts and Web
document keywords will be mapped, so that a distance between such two sets can
be found, based on their mappings distances in Wordnet. The task of characteriz-
ing a Web document with concepts from a given domain ontology is thus reduced
to finding the mapping of ontology concepts and document keywords to Wordnet
senses (a word sense disambiguation task), such that the extended Wu and Palmer
measure described in Nuygen (2003) gives the minimum distance between the two
sets of senses.

The hierarchical thesaurus plays another significant role in the proposed ontol-
ogy evolution method. It is used as a guide to discriminate between potential new
ontology concepts and potential new ontology instances. Though ontology concepts
and instances share the same meaning as in the ontology model proposed in Motik
et. al. (2002), we have further extended the nature of both, with regards to their exis-
tence or non-existence in a given hierarchical thesaurus. We thus consider ontology
concepts as ontology nodes pertaining to the domain described by the ontology, and
exist in a hierarchical thesaurus (like WordNet). The ontology instances are consid-
ered to be words that relate to a specific concept and do not exist in a hierarchical
thesaurus (i.e. company names, places, etc.). Finally the ontology ISA relations de-
scribe the parent - children relations of the concepts existing in the ontology.

3 Ontology evolution method

The method commences with an initial set of several URLs relating to the user’s
domain of interest. Furthermore, an initial domain ontology is needed as input. A



4 Tsatsaronis et al.

crawler then fetches a large set of Web documents, commencing the search from
the initial URLSs, utilizing the incoming and outgoing hyperlinks of the documents.
The documents are then characterized with representative keywords arising from
their content. The keywords and the ontology concepts are mapped to Wordnet.
A mapping of the Web documents to the ontology concepts is then made through
Wordnet. The Web documents are now characterized by ontology concepts, and
DB-Scan clustering algorithm is applied. The results of the clustering are utilized to
derive the proposed ontology changes. Four types of suggestions are being provided
to the user: new concept insertion, new instance insertion, concept merging and
concepts declining. The changes to be committed must be finally approved by a
domain expert.

3.1 Method description

In this part we informally elaborate on our method, using concepts that are formally
defined in the next section. Faew concepts insertiothe candidate concepts are
keywords that appear in more than a given percentage of documents of the collection
and can be found in Wordnet. For each keyword being a new candidate concept we
find the closest concept of the ontology to it, using a hierarchal thesaurus, and its
relation with this ontology concept (parent, child, sibling). Based on this relation,
the suggested placement of the new candidate concept is generated. A confidence
value that ranges from 0 to 1 for each proposed new concept is also provided. This
value expresses the "amount” of confidence with which the insertion of this new
concept to the ontology is suggested to the domain expert. In the case of a concept
c1 proposed as a sibling to ontology nagle c; is added to the ontology at the same
level asc,. In caser; is suggested as a parentef the ontology node is moved one
level downwards, and we add the new concept as its parent. Irecéssuggested

as a child, it is simply added ag’s child.

New instancesuggested are keywords that appear in more than a given percent-
age of clusters in the clusters’ collection and cannot be found in Wordnet. Example
of instances, could be companies’ or a products’ hames. In the case of the new con-
cepts the frequency of appearance in the collection of the documents is taken into
consideration, while in the case of new instances the frequency of appearance in the
collection ofclustersis being considered. The reason for this decision is two-fold:

1) In the case of new instances, there is no hint on the placement in the ontology.
Since instances do not exist in a hierarchical thesaurus, a relation between them
and the concepts of the ontology cannot be derived. Thus, taking into account the
frequency of their appearance in the level of the clusters collection we have a hint
on suggested placements of these new instances, which derives from consulting the
rest of the keywords characterizing those clusters, and 2) We would like to dimin-
ish the possibility that an unimportant word that has "escaped” from the THESUS
stopwords removal and stemming mechanism would be suggested as a new instance
in the ontology. If we had taken into consideration such a word’s frequency in the
document collection, this possibility would be high.
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Concepts mergingan be derived from ontology concepts that are frequently
found to co-participate in clusters’ labels. In the THESUS clustering module, each
cluster is attached with a label that consists of those terms of the ontology that best
characterize the cluster (Varlamis et. al. (2003)). These clusters’ labels are used to
extract information about the relationships between the ontology concepts. More
specifically, ontology concepts that are frequently found to co-participate in clus-
ters’ labels are assumed to have a relation, defined as correlation between them.

Finally, thecandidate concepts declinirage defined as the concepts of the on-
tology that do not appear in any document’s keywords and do not have any children
in the ontology.

3.2 Definitions

Letal anda2 be probability threshold<) 5 be an ontologyH be a Hierarchical
ThesaurusPDc be a web document collection pertaining withy andC¢ be the
document clusters collection.

Definition 1. A new ontology concepf'y is a keywordK y if Ky € Hr. and if
Ky appearsinV documents (withV < |D¢|) so that the following hold$%) >
al.

Definition 2. Given a keyword K; €Hr having already been characterized as a
new concepfor an ontologyOy, the ontology concepD; € Oy with which

K should be related if Kk was inserted to the ontology is the one for which the
sim(Ky, O;), according to the extented Wu and Palmer measure (Nguygen (2003)),
becomes maximum. The relation suggested between them in the ontology would be
the same with the one found in;H The confidencewith which this suggestion is
made is equal to the sim@ O;) and it belongs in [0,1].

Definition 3. A new ontology instanc€'y is a keywordK y if K x ¢Hp and if
Ky appears inV¢ clusters, so that the following holc@(’;’—g') > a2.

Definition 4. Let C be the set of all the concept§ of a given ontology and P({)
the power set of’, let alone the empty set and all the unary sets. If fo6akP’(C)
the times of occurrence (TOO) are computed with respe@dathen we define

the correlation of all the concepts Cbelonging to $as followsCor(C; € S;) =
TOO(S;)
max; {TOO(S;€P’'(C)}

Definition 5. Given a threshold and the correlations of all the $P’(C) (as those
defined above), and a setB’(C) containing concepts,Cin order thatoncepts ¢
mergingshould be suggested if the following hol@%r(C; € S;) > t.

4 Experimental evaluation

For the purposes of the experimental evaluation, we have implemented our method
as an add-on to the THESUS system. The domain ontology used is shown in Figure
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1. The experimental set up involved the evolution of the given domain ontology,
so that it better describes Web documents pertaining with the domain of the heavy
industry.
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Fig. 1. Domain Ontology used, pertaining with the heavy industry.

Initially, given 10 URLs by a domain expert, an execution of our method took
place with default values for al, a2 and t being al = a2 =t = 20%, and for the num-
ber of hops in the crawling being 2. The fetched Web documents were mapped to
the initial ontology and characterized with its concepts.

[ChangeNumbet Change Type  [Change description \

1 Addition of new concepiAdd Engineeringas a parent concept|of
Tank with confidence 0.8.

2 Addition of new concepiAdd Chemicalas a parent concept |of
Biochemical with confidence 0.7777

3 Addition of new instancAdd BP as a new instance of

Oil_GasRefineries(thus as its child
node), with 21% frequency of appear-
ance in the clusters collection.
4 Concepts Merging |Merge ProductMaterial, Biochemical
andTankwith confidence 0.8571
Table 1.Suggested Ontology changes that were approved by the domain expert.

In parallel from the suggested ontology changes (17 in total), only the changes
shown in Table 1 were approved by the domain expert to be committed in the on-
tology. Having the two ontologies (the original and the evolved one), we aimed at
collecting a large set of URLs pertaining with the domain and then feed them into
THESUS twice: once for characterizing these URLSs with the initial ontology’s con-
cepts and once more for characterizing them with the evolved ontology’s concepts.

The evaluation was now reduced to providing the URLs and the two different
set of characterizations to blind testers and asking them to evaluate with a score
varying from 1 to 5 (with 1 being totally irrelevant and 5 being totally relevant) each
characterization. The results of the blind testing are shown in Figure 2.

The total number of the URLs fetched for this blind testing was 108, and the
fetching commenced with 10 (different from the initial used in evolution) URLs
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Fig. 2. Results of blind testing scorings.

provided by the domain expert. The percentage of the score characterizations rep-
resents the mean value of the scores given by all blind testers. When comparing the
bad document characterizations arising from both ontologies’ concepts, Figure 2
suggests that the initial ontology provided us with more scorings between 1-2, than
the evolved one. Furthermore, commenting on the good characterizations (scores 3-
5), these are more in the case of the updated ontology, let alone the fact that scores
of 5 were only assigned when the updated ontology was used. In conclusion, as it
is shown by this early experimentation, the characterization of the Web pages was
improved after applying the suggested changes to the ontology arising from the use
of our method.

5 Related work

An approach that exploits WWW content in order to enrich ontologies is presented
in Agirre et. al. (2000). It suggests a technique to link document collections from
the Web to concepts in WordNet. Concepts are linked to topically related words that
form the topic signature for each concept in the hierarchy. They experiment with
clustering the concepts that belong to a given word. Binary hierarchical clustering
is used on the retrieved concepts. An enrichment process based on the statistical
information of word usage is presented in Faatz and Steimnetz (2002). It presents
a method for ontology enrichment by comparing the distance measures of colloca-
tor information in a text corpus. It suggests that better results are achieved using a
more specialized corpus compared to pages retrieved from a more general corpus
such as Google. Roux et.al. (2000) propose a system to categorize terms with the
joint utilization of an existing ontology and verb patterns defined as small concep-
tual graphs. The extraction mechanism is built upon conceptual graph architecture,
in conjunction with a domain specific ontology. The proposed method differs from
Agagire et. al. (2000) in the fashion that it uses a clustering algorithm to cluster the
fetched Web documents and not the concepts. Furthermore, it differs from Faatz
and Steimnetz (2002) and Roux et.al. (2000) in that it makes use of clustering tech-
nigues.
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6 Conclusions and future work

In this paper we have presented a method for ontology evolution by mining the
WWW. Our evaluation shows that the characterization of Web pages improves after
applying the ontology updates based on our suggestions. Thus the proposed changes
generated can enrich the conceptualization of a domain represented by a given on-
tology. Part of our future work is to tackle with other types of composite changes
that could be taken into account when providing suggestions to the users. These
include, for example, the splitting of a concept into several subconcepts, and the
removal of ontology concepts that might have children. Furthermore, it is essential
to notice that one ontology change can trigger other changes. Due to that reason,
before applying a change to the ontology, a list of all implications to the ontology
should be generated and presented to the user, as well as an algorithm that lists the
proposed changes according to an importance measure should be injected in our
method. Finally, experiments in a large scale should take place, and a framework
for better and automatic evaluation of the results should be constructed.
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