


Figure 1. The overall architecture of the system
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applications in the Internet where
multiple software agents have to
share their knowledge, this predefined
format plays a critical role. Thesauri
have no such a standard format. On
the other hand many works in W3C
have been done to standardize ontology
representations and RDF and OWL are
outcomes of these works.

3. Ontology Construction
Methodology

As we mentioned before, there
have been several works so far on
transforming thesaurus into ontology.
But our approach is more similar to
what is proposed by Asanee (1). The
architecture of the system is shown in
Figure 1. In this architecture, the process

will be done in three steps. The first step

Automatic Refinement and
Enrichment

Manual Verification

is to prepare the structure of ontology
and this is followed by defining the
rules for automatic refinements. The
second step is to automatically refine
this mapped ontology. The goal of
refinement is to clarify relationships
between concepts. This job will be
done through some steps which will
be explained later. The last step is
manual verification and enrichment of
ontology by experts. Each step is further

explained in subsequent sections.

(a) Mapping and Rule Definition
(i) Applying Expert Defined Rules
In the first step we transform the
ASFA to an ontology structure and
provide an OWL representation of
itt. OWL is a standard format for
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representing ontology. We keep the
structure of the ontology quite simple,
using classes, properties and XML data
types. Terms in the thesaurus would
be mapped to classes and we keep
the current relations between them
through properties like, NarrowerTerm
or UsedFor and so forth. The point is
to add no interpretation to the relations
at this stage. Mapping the thesaurus to
the OWL format lets us use Protégé for
better tracking of changes during the
next steps. This is due to appropriate
graphical user interface of protégé
which is best designed for ontology
based works. Another important point
is about concepts and terms. Although
a term is a lexical concept and concepts
may have several lexicons, a term in
the thesaurus is taken as a concept in
ontology for keeping the transformation
traceable.

(ii) Applying Expert Defined Rules

The second task in this step is
acquiring rules. Using rules is based
on the work by Asanee (1). We need
experts to review ASFA and define
rules for clarifying relations between
concepts. Here we give two examples
to explain the situation better. For an
example of such rules consider the UF
and USE relations. Although not every

time but in many cases this relations in

thesauri can be directly transferred to
ontology as <Similarity> relationships.
It is important that two concepts with
USE and UF relations are not synonyms
all the times but can be considered as
similar concepts. This issue can be

formulated by the following rule.

“If X and Y are two terms and X and
Y USE/UF X then port the relation to
Y <Similar> X (1)

Apart from previous example which
covers mass transformations (because
it matches with a great number of
source relations) other rules may be
formulated that just target a portion of
a source thesaurus. The next sample
rule shows that a deep knowledge of
current thesaurus structure and its
semantic can lead us to clear relations

in ontology.

“If X and Y are two terms and X
Labeled as “Ket/8” (Lib/8) and Y NT
X then port the

relation to Y <Part-of> X”

()

This rule explains that based on
expert judgment, the concepts Y which
are in NT relation with concept X with
label “Ket/8” have in fact a <Part-of>
relation with concept X.

(b) Automatic Refinement and



Enrichment

One of the main differences
between a thesaurus and ontology is the
degree of explicitly in their included
relationships. As mentioned before,
ontology requires explicit and clear
relationships, where in a thesaurus do
not have such a restriction. Manually
clearing up ambiguous relations of
thesaurus needs a lot of labor. In this
context some (semi) automatic ways
for clarifying these relations is needed.
In the following sub-sections the steps
taken by the system without human
interference for clearing relations is
explained.

(iii) Applying Expert Defined Rules

The previous subsystem describes
about acquiring expert defined rules.
An expert introduces a pattern as a
rule to the system in previous section
but applying it would be automatically
done in the current subsystem. For an
example, the application of sample
rule (2) from the previous section is
taken. Figure 2 shows a portion of
transferred thesaurus to OWL in which
sample rule (2) matches with it. In
Figure 2, the relation between concept
sl plastls Library building  and
two other concepts, «luls_axdlas_ L
Library_Reading Roomand x> . Vi

Figure 2. The Partial Representation of ASFA in OWL Format Showing Rule Matches with a

Portion of Ontology

>Close Resource</rdfs:comment>
</owl:Class>

>Resource</rdfs:comment>

>11/a58</rdfs:label>
</owl:Class>

>0Open Resource</rdfs:comment>

</owl:Class>

<rdfs:domain>
<owl:Class>

</owl:unionOf>
</owl:Class>
</rdfs:domain>

</owl:ObjectProperty>

<owl:Class rdf:ID="431%20L3iS 4xJlhs (Jlw Library Reading Room">
<rdfs:comment rdf:datatype="http://www.w3.0rg/2001/XMLSchemaf#string”

<owl:Class rdf:ID="45120LiS ylaislw Library building">
<rdfs:comment rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string"”

<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string”

<owl:Class rdf:ID="z»>,, ,¥L5 Reference Room">
<rdfs:comment rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string”

<owl:ObjectProperty rdf:ID="Part-0f">

<owl:unionOf rdf:parseType="Collection">
<owl:Class rdf:about="##>,, ,¥L: Reference Room"/>
<owl:Class rdf:about="#4:1215S 4= ilko 3Jlw Library Reading Room"/>

<rdfs:range rdf:resource="#.51%201.S (loSslw Library building"/>

(A Hlewsl) Ve oLS aoldlad



(AF Hluslb) Ve ols dollad

Reference Room is NT. This relation
is ported to OWLrepresentation withno
change. However because the concept
£uls_olale Library building is
labeled with =s/11 (Ket/11) and the
relationship between these concepts
is NT we can transform the NT
relationship to Part-Of as is suggested
by the rule in figure 3.

The label (=s/11) Ket/11 is related
to a kind of labeling used in ASFA.
In this labeling system, every term in
ASFA is tagged with a label showing
its position in the thesaurus. Also
after porting thesaurus to ontology
representation a concept in ontology
can be identified by means of it.

Although each rule is quite clear and
there is no need to essentially use this

label for identifying concepts.

(iv) Refinement and enrichment by
learning

Apart from using expert-defined
rules which is proposed by previous
works in thesaurus reengineering
domain, thecurrentsuggestedsolutionis
based on ontology learning techniques.
Ontology learning targets finding
methods to extract knowledge from
large text corpora in ontology format.
The main idea is that large amounts of
knowledge have been written over time
by experts where this knowledge is the
basic need for constructing ontology.

Figure 3. The Refined Relations are Highlighted

>Close Resource</rdfs:comment>
</owl:Class>

>Resource</rdfs:comment>

>11/05</rdfs:label>
</owl:Class>

<rdfs:range>
<owl:Class>

</owl:unionOf>
</owl:Class>
</rdfs:range>
</owl:ObjectProperty>

<owl:Class rdf:ID="4512015S 4xilhs 4 llw Library Reading Room">
<rdfs:comment rdf:datatype="http://www.w3.org/2001/XMLSchema#string”

<owl:Class rdf:ID="45120US (l.islw Library building">
<rdfs:comment rdf:datatype="http://www.w3.0rg/2001/XMLSchemaf#string"

<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string”

<owl:Class rdf:ID="g>;» ,¥L5 Reference Room"/>
<owl:ObjectProperty rdf:ID="NarrowerTerm">
<rdfs:domain rdf:resource="#.5121iS yloislw Library building"/>

<owl:unionOf rdf:parseType="Collection">
<owl:Class rdf:about="#4+512015S 4+xJlhs 3 Jlw Library Reading Room"/>
<owl:Class rdf:about="#g>;, ,¥L5 Reference Room"/>
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Conf (GC,Ci)oc EP(GC, Ci), EC(GC, Ci)

Finally, the following formula is
used to express that direct relation:

log(ai/ﬁ + ﬂ%/ﬁ)
Max(Conf)

Conf (GC,Ci) =

The factors o and P are two corpus
specific parameters.

(vi) Learning Method for Part-Of
Relations

Using patterns for extracting
relations is not restricted to “Subclass-
Of” relationship. Therefore, the
approach of Charniak, Girju and
Cimiano in using patterns for finding
attribute-of relations is applied (5;7;8).
The steps of works in refining “Part-
of” relations are essentially the same
as what was used for “Subclass-Of
“ relations, that is, finding patterns,
applying patterns and assigning
confidence value.

(vii) Learning Method for General
Non-Taxonomic Relations

The last technique is used for
labeling  general = non-taxonomic
relations. These relations do not give
a hierarchical structure to ontology
in contrast with what taxonomic
relations like <subclass-of> do.
A concept when relates to other

concept by using a verb, creates a

non-taxonomic relation. Usually this
verb can be any verb which conveys a
correct and clear relationship between
concepts. We can imagine this verb as
a label over the relationship of related
concepts. An example of these relations
is shown in figure 6 :

The case B, shows a relationship of
the ASFA thesaurus and in the case A
the same concepts are shown when they
are adjusted for ontology. In the case of
ontology, the relationship is quite clear
and meaningful in spite of general
relationships as shown in the case B.
Therefore, the question in this section
is finding the verbs which convey the
correct relations between two already
related concepts in the thesaurus.

The basic idea here as stated by
Kavalec is to select verbs (or simple
verb phrases) frequently occurring in
the context of each two related concepts
in the text corpus. The concept-verb-
concept triples are then ordered by a
numerical measure and the top ones
are the candidates for relation labels
of the given pair of concepts. Before
describing the numerical measurement,
a clear meaning of co-occurrency of
two concepts and a verb need to be
explained. Two concepts ¢/ and c2
and the verb v are co-occurred if cl

and c2 both occur within » words from



Figure 6. General Non-Taxonomic Relation
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an occurrence of v. This destination is
called the neighborhood of the verb.
The first step is finding all co-occurred
verbs with a typical pair concept and
keeping its frequency for being used in
the next step, which is deciding for the
best label. For this mission we use the
formula proposed by Kavalek (11):

Label Likehood (¢, Ac, /v) =

(¢) Manual Verification

By applying each of previous
methods, multiple relation labels
suggested by the learning methods
for each pair of concepts is obtained.
Finally, these results were merged
and the best labels are kept. The
merging will be done by an expert. An

P(c, nc,/v)
P(c,/v)- P(e, /v)

In this formula is the conditional frequency and described as following:

Number of timesc,,c, co— occured inthe neighborhood of vrebv

P(c, Ac,/v)=

Number of times the verb v has occured

The preference of verb v as a
relation label for concepts ¢, and c,
Bhas reasonably a direct relation
with  P(c, Ac,/v) . But that has
an inverse relation with statements
P(c,/v)- P(c,/v) which indicate the
like hood of independent occurrence of
¢, with v and also ¢, with v. In fact just
the cases in which both of concepts co-
occur with the verb are important not
their individual co-occurrence with
the verb and formula correctly reflects
this.

important point is that the expert has to
consider the history of transformations
when making his decision. This
history can help us refine the rules of
transformation. For example, if most of
USE relations in thesaurus are directly
ported to Similarity relations, it can be
formulated as a rule in the system for
automatically processing remaining
USE relations. Therefore, it is a good
idea to keep such information and give
them to experts.

Considering this matter, the

(A Hlewsl) Ve oLS aoldlad



(AF &ylwl) Vo LS anbikiad

transformability value of relation X
in the source thesaurus and relation
Y in the destination ontology as the
likelihood of transferring relation X of
thesaurus to relation Y in the ontology
is defined. For estimation of this value,
consideration of a portion the source
thesaurus is defined as the training
set. Consequently, new relations are
manually assigned instead of current
ones. Finally, for each relation X in
thesaurus the probability of transferring

to relation Y in ontology is as follows:

Count(X —>Y)
Count(X — All)

Transferability (X,Y) =

Where X is a relationship in the
source thesaurus and Y is a relationship
in the inferred ontology. Then is count
Count(X —-Y) of relations X which
are transferred to relation Y and is
count Count(X — All) of transferred X
relations to any relation in the training
set. For example if the relation NT/BT
is transferred in 90 percent of cases
to relation <subclass-of> in ontology
then Transferability (X,Y) is equal to
90%.

Foreachpairof concept in thesaurus,
all discovered relations with their
statistical confidence value, is provided.
This information is contained in OWL
presentation of the ontology. The expert

can browse the ontology with protégé
and choose the best of these relations.
This selection can be based on the
confidence value of the automatically
extracted label, transformability value
of source relation in the thesaurus and
expert knowledge. Expert can also
remove all of discovered relation and
instead use a more meaningful relation
if it is possible. Using protégé allows
the applications of these modifications
directly to OWL file of the ontology.

4. Related works and conclusion

The idea of using thesauri as the
base platform for ontology construction
was investigated in several works.
But the most effective ones is the
work done by (Asanee, 2005) and his
more automated version. These works
describe the shortcomings of thesaurus
as a knowledge representation for
semantic information retrieval and also
explain the project of transforming the
AGROVOC thesaurus to an ontology
(1). The important tip in this papers
is applying some (semi) automated
approaches for cleaning relationships
of thesaurus.

Other works pay less attention to
automated migration. The work of Bedi
describes a manual transformation of
a soil thesaurus to OWL format (4).
A paper by Qin and Paling explains



the case of converting a controlled
vocabulary into ontology. However,
they have given little information
about their methodology (14). Another
study (6), explains the work done over
a Chinese agricultural thesaurus. This
work seems to give most attention to
conversion to OWL and little work was
done for refining relations. This is a
problem seen in a project of migration
of an art thesaurus to ontology
offered (18). Two other systematic
works by Assem and Assem et al.,
describe a method which considers
clearing relations but no automatic
transformation have been used (2;3).
The proposed method described in
this study, used as much as possible
from previous approaches. However,
using a corpus as a source of knowledge
in refining relations is a new idea.
The paper shows that by application
of ontology learning methods it is
possible to help expert to better refine
the relations. In fact, the suggested
relations by the system can even enrich
the ontology with more than one
relation between each pair of concepts.
For evaluating this methodology the
study currently applies it to ASFA
thesaurus at the National Library of

[ran.
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