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ABSTRACT: In the context of this research, we present an approach for representing the semantic content of documents and
guiding the automatic query reformulation using a domain ontology. The aim is to improve the performance of information re-
trieval systems. In order to operationalize our proposal, the development of a set of external resources was needed, so we have
constructed the ‘AnimOnto’ domain ontology relating to the animals domain and a document base that covers the same field.
They were used to test and validate our proposal. Specifically, we propose in this paper a general architecture based on three
complementary processes, this architecture uses the ontology during the semantic indexing stage and in the query reformulation
phase. We also describe the ‘AnimeSe Finder’ tool (Animal Semantic Finder). The latter has the advantage of being generic and
adaptable to other search types. It is possible to use another ontology with another document base for a new domain, to exploit
the general functionalities offered by the ‘AnimeSe Finder” tool.
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1.0 Introduction

One of the current challenges of Information Re-
trieval Systems (IRS) is to develop tools able to inte-
grate more semantics in their treatment. The aim is
twofold: ‘understanding the content of documents’
and ‘understanding the user needs’ and to be able to
link them. It is possible, according to Boughanem et
al. (2009), to regroup the knowledge reflected in an
IRS into three main classes:

— Knowledge about users (profiles or user models);

— Knowledge about the documents (index); and,
— Knowledge about the concepts of the application

field.

The first point has already been explored in our re-
search (Bouramoul et al. 2010) when we proposed a
system for taking into account the user context via
their profile for the query reformulation. The ob-
tained results using this technique have been convine-
ing in the sense that the documents returned by the
contextual reformulation were more relevant than
those obtained with the original query. On the other
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hand, the satisfaction of the users who participated in
the experiment was remarkably better.

A perspective of our previous contribution was to
use the other two aspects described by Boughanem,
namely the knowledge about documents and the con-
cepts of the application field as a reference to refor-
mulate the user queries. In this paper, we substantiate
this idea by using an external resource (ontology) to
improve the relevance of Information Retrieval Sys-
tems (IRS), the same ontology will also be used to
index and describe the content of documents. Our
work falls within the area of semantics consideration
via ontology in IRS, particularly that of using a do-
main ontology to index documents and reformulate
the user queries by exploiting relations between con-
cepts. This idea is not new, but the value of our con-
tribution lies in its completeness. This research here
deals autonomously with the search process, starting
from the ontology creation, via the establishment of
the system architecture and its implementation, and
ending at the validation of results.

This paper 1s organized into three main parts: The
first presents the areas on which our contribution is
based, namely the use of ontology in the Information
Retrieval (IR) field and the different approaches for
query reformulation. In the second part we present
our own contribution. Here we first determine the
choices that we have adopted for the system parame-
ters, then we present the architecture of the tool that
we propose, a description of its implementation, an
evaluation of its performance, and the discussion of
the obtained results. The third part consists of the
conclusions and perspectives.

2.0 Ontology, a crucial need in IR

Several definitions of ontology have emerged in the
last twenty years, but the most referenced definition
and also the most synthetic one is probably that given
by Gruber (1993, 199): "An ontology is an explicit
specification of a conceptualization." Starting from
this definition, ontology is used in the IR field to rep-
resent shared descriptions related to a more or less
formal domain in order to add a semantic aspect to
IRS. It is therefore natural that research focused on
the integration of ontology in IRS. A first solution
aimed to build ontologies from corpora on which IR
tasks will be carried out (Saias and Quaresma 2003;
Koo et al. 2003). A second solution aims at reusing
existing resources. In this case, ontologies are usually
chosen only from the knowledge domain that they
address (Vallet et al. 2005; Baziz et al. 2005). In gen-

eral, the knowledge represented by ontology can be
used at three different levels in the IR process. It can
help to index documents, and then called semantic
indexing. It can also assist the formulation of the user
need and access to documents. Finally, the ontology
can be used in the model itself to achieve matching
between the need and the document particles.

In our case, we use domain ontology in the index-
ing process and query reformulation to interrogate a
document base using the ‘AnimSe Finder’ tool that
we propose. The idea is to guide the user’s query
through the conceptual network of the ‘AnimOnto’
ontology, developed for this purpose, to enrich it
with new words coming from the vocabulary of this
ontology. The interest is twofold:

— Increase the recall by the query expansion taking
into account the terms that are not present in its
initial form. This can be done by adding synonyms
recovered from the ontology (related concepts) to
the query terms that are in relation with the cho-
sen domain (animals); and,

— Increase precision thanks to the semantic indexing
of documents using concepts which are recovered
from the ontology instead of ambiguous terms.
This can be done by extracting terms guided by the
chosen domain ontology, then by a weighting of
concepts using the relationships between them.

3.0 Query reformulation, approaches
and limitations

The query reformulation aims to modify the user’s
query by adding significant terms. The idea of query
refinement is not new; several approaches use differ-
ent techniques for selecting terms to be added to the
initial query. We distinguish three types of query re-
formulation approaches and the difference between
them lies on the one hand in the source of terms used
in the reformulation. On the other hand, it lies in the
method used for selecting terms to be added to the
initial query.

The first type of the approaches is based on a
global analysis of the considered collection of docu-
ments and is most commonly based on a statistical
analysis of document corpus (Cui et al. 2002). The
objective is to increase the frequency of words ap-
pearing together in one document and to select the
terms with the highest coefficient. The information
thus obtained is used to reformulate query automati-
cally by adding terms related to the terms already
used in the query. The terms added from the docu-
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ments give a better correspondence between informa-
tion need and the document collection.

The second type of approaches based on the princi-
ple of relevance feedback aims to reformulate the initial
query such that it corresponds better to the content of
the documents collection. The principle is as follows;
the user submits his initial query and the system re-
turns an initial set of documents that the user has to
evaluate (relevant, irrelevant). The information on the
relevance of initially returned documents is used for
selecting terms to be added to the initial query. We
quote in this category the work of (Lin et al. 2006) in
which the system offers, based on the first query, a set
of documents and according to those viewed by the
user, the system updates its terms index in concor-
dance with automatic learning methods.

The last type of the approaches, described in the
literature, uses external resources of terms such as
thesauri or ontology that contain the vocabulary used
in the query enrichment. Such approaches use ontol-
ogy with equivalence and subsumption relations
(Navigli and Velardi. 2003), in order to extract the
terms to be added to the initial query.

4.0 System parameters

The parameters of the system that we propose con-
cern the following elements:

4.1 The concept source

To recover terms that will be added to the initial que-
ry, we use the AnimOnto’ ontology as a source of
concept. This is a domain ontology related to the
domain of animals created under Protégé. The latter
can produce two code formats for describing an on-
tology (OWL and XML). For implementation rea-
sons we chose the XML format. The XML describing
the ‘AnimOnto’ ontology characteristics is subse-
quently used as input for the reformulation process.

4.2 The concept selection method

The concepts are recovered from the ontology as fol-
lows: if the concept (C1) is present as a term in the ini-
tial query, it will be replaced by the concept (C2) re-
covered from the ‘AnimOnto’ ontology. The choice of
the concept (C2) is done after parsing the XML file
describing the ontology. Finally, the enlargement of
concepts is based on the presence of a semantic link
between (C1) and (C2) (synonym or broader con-

cept).

4.3 The user role

We opted for an automatic query reformulation; the
user’s role is therefore passive. The latter does not in-
tervene in the reformulation process and it is the sys-
tem that supports the entire operation. The idea is to
increase the weight of words found in documents
considered as relevant and conversely decrease the
weights of terms considered as irrelevant.

5.0 The animal semantic finder tool
5.1 Construction of the AnimOnto’ ontology

Although so far no general methodology had been able
to be generally admitted, many principles and criteria
for building ontologies have been proposed. These
methods concern the whole process guiding the con-
struction steps. This is the case of the Kactus method
(modelling Knowledge About Complex Technical sys-
tems for multiple USe) proposed by Schreiber (Schrei-
ber et al. 1995). We use this method to construct the
domain ontology that will serve as a source for terms
used in the reformulation and indexing process.

Basing on the idea that our goal is not to build the
ontology in itself, but rather its application to guide
our approach and thus validate our proposal. The
choice of this method is justified by two main rea-
sons: first, by the fact that its use is not expensive,
and unlike other methods, it does not require col-
laboration between domain experts, engineers and fu-
ture ontology users. Secondly, it is appropriate for the
development of small ontologies that are generally
used during test and validation steps. The Kactus
method is based on three main stages, namely:

1) Specification of the ontology based on the chosen
field. It consists in particular of determing the
terms to be collected and the tasks to be per-
formed using this ontology;

2) Organization of terms using the meta-categories
such as: concepts, terms, relationships, attributes,
etc.; and,

3) Refinement of the ontology by its structuring ac-
cording to principles of modularization and hierar-
chical organization.

5.1.1 Step 1: domain specification
The ‘AminOnto’ ontology will be constructed to

provide a conceptual vocabulary, which allows the an-
notation of documents relating to the animal domain.
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The choice of the animal domain is justified by the
availability of data to construct the ontology on the
one hand, and the possibility of building a scalable
document base whose terms are semantically related
to the concepts of ontology on the other hand. We
note in this context that our system is open insofar as
it can be used for an information search in any other
document base whose content is belonging to an-
other domain.

5.1.2 Steps 2 and 3: from the terms collection
to the ontology refinement

In practice we cannot separate the ontology construc-
tion steps, because it is a nonlinear process. Several it-
erations were made during the construction of the
‘AminOnto’ ontology for the following reasons:

— It was not possible to know from the outset,
whether the collected terms would be sufficient to
meet the purpose for which the ontology was con-
structed. We had added new terms when it was

Plantes

necessary, in the same way we have removed terms
that we judged unnecessary.

— It was not always easy to predict whether a term
would play the role of a class or an attribute. Re-
peated corrections had to be made in this respect.
Figure 1 presents a part of the AminOnto’ ontol-
ogy that we have created.

5.2 Architecture of the AnimSe Finder’ tool

Animal Semantic Finder is a tool for semantic infor-
mation searching in a document base whose content
is related to the animal domain. The semantics is
taken into account by the ‘AnimOnto’ domain ontol-
ogy when selecting terms that are used in the docu-
ment indexing and the query reformulation. In addi-
tion to a search guided by ontology, our system al-
lows for a classical search using the query just as it
was formulated by the user. The aim is to compare
the results given in both cases, and thus measure the
contribution of the semantics inclusion in the infor-
mation retrieval process.
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Figure 1. A part of the ‘AminOnto’ ontology
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The different modules included in our system
communicate by sending messages. A message can be
a user query, a query reformulated by the system, a
concept of the ontology or a document. In this con-
text, and in order to ensure a better structuring of its
modules, the ‘AnimSe Finder’ tool is based on three
complementary processes: indexing process, reformu-
lation process and search process. We present in the
following each of these processes, the different ele-
ments that compose them, and the manner in which
they operate.

5.2.1 Indexing process

The direct use of the document base during a search
is a time-consuming operation, according to the
number of documents and the size of each document.
For this reason a special treatment for identifying the
relevant elements to be used by the search process is
necessary, i.e. the indexing operation. Two types of
indexing have been considered: the semantic indexing
guided by ontology, and the classical indexing which
consists of constructing a set of terms to characterize
the content of a document. In this second type of in-
dexing, weighting is done before creating the index
by calculating the occurrence frequency of each term
in the concerned document. A step common to both

Concept sxtraction

Daarrentry s Indicing muxkids

types of indexing consists in cleaning the document;
this can be done by eliminating words with zero in-
formational value using an anti-dictionary. These stop
words appear in most documents and are not dis-
criminating. They can be articles, prepositions, con-
junctions, or even verbs.

The semantic indexing process constructs a set of
terms representing the informational content of each
document; these keywords are derived from the con-
cept ontology. The indexing process is composed of
two stages: The document indexing and then their
weighting. Once the weighting is complete, the in-
dexing module transmits the set of triples (concept,
weight, document location) associated to each docu-
ment to the storage module. The latter updates the
index base for an eventual use in future searches ses-
sions. Figure 2 shows the operating principle of the
indexing process and illustrates the interaction be-
tween its different elements.

The indexing module is the heart of this process. It
retrieves the concepts from the ontology and calcu-
lates their frequency in the documents. It proceeds as
follows:

A) Concept extraction: The aim of this step is to ex-
tract all the terms of the document that may repre-
sent concepts in the ontology. These terms corre-

Serage wuxkie

Figure 2. Architecture of the indexing process
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spond to different entries (or nodes) in the ontol-
ogy. For this purpose, we use a technique that con-
sists to project the ontology on the document.
This is done by parsing the ontology using to iden-
tify the concepts that occurrent as terms in the
document.

B) Concepts Weighting: The weight of a word reflects
its importance in the document. The weighting
phase has a major impact on the quality of the
search process itself, it allows to associate with
each concept found in the document a weight (ap-
pearance frequency). We used a statistical weight-
ing method to calculate the frequency of each term
extracted according the number of its occurrences.

5.2.2 Reformulation process

The user often has difficulties to express his or her ex-
act information needs. Therefore, among the docu-
ments that are returned by search tools, some of them
interest him less than others. In so far, an improve-
ment of the way how the user expresses his informa-
tion needs is a supplement that can enhance the qual-
ity of the returned documents. In the context of our
research, the reformulation process supports the gen-
eration of a new query using the ‘AnimOnto’ ontol-
ogy and the initial query in order to return documents
which are more relevant than those provided by a
non-reformulated query.

The structure of the reformulation process, the
different modules that compose it and the interac-
tions between them are illustrated in Figure 3.

This process is based essentially on the reformula-
tion module that supports the expansion of the user
query to better reflect his information need. This
module is conducted in two steps acting on different
aspects of the initial query. These steps are:

— Concept extraction: In this step the reformulation
module retrieves the query terms present in the
ontology, then it goes through the ontology using

these words as an entry point to extract the con-
cepts directly related to each term in different hi-
erarchical levels of the ontology.

— Query reformulation: In this step, the reformula-
tion module takes as input the concepts retrieved
in the previous step; it uses them in generating the
new query that will be forwarded later to the re-
search process.

5.2.3 Search process

This process is mainly responsible for the fundamental
decision that allows an association to a query, such
that all relevant documents can be returned. It is based
on the Boolean search model, in which a document
(d) is represented by a set of its terms (t;), and a query
(q) as a logical term expression. A document does cor-
respond to a query if the implication (d=q) is valid.
This correspondence C (d, q) is determined as fol-
lows:

- C(d, ti) = 1if t1 € d; 0 otherwise

- C(d,qt A q2) =1ifC(d,q1) =1and C(d, q2) =
1; 0 otherwise

- C(d,q1 V q2) =11 C(d, q1) =1 or C(d, q2) =
1; 0 otherwise

- C(d,~q) = 1if C(d, q) = 0; 0 otherwise

To clarify the operating principle of the search proc-
ess, we present two search scenarios according to the
two search modes provided by our system:

— Scenario 1 ‘classical search’ Suppose the user wishes
to have information about the domain of cats. He
then formulates a query containing the word ‘cat’.
The search process takes as input this query and
searches all the documents in the document base
through the index base and retrieves the relevant
ones. These are documents {d,d,d,,.....d,} in
which we will find the word ‘cat’. The search mod-
ule then ranks the documents from the highest

Figure 3. Architecture of the reformulation process
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weight to the lower ones {P,,P,,P;,....P }. The re-
sult is finally displayed to the user.

Scenario 2 ‘semantic search’: For the same informa-
tion need, the user query is sent now to the refor-
mulation process that automatically generates a
new query using the ‘AnimOnto’ ontology. The
new query will be transmitted to the search process
to be used later in order to return the documents
reflecting the user need. In the chosen example, the
result of the query reformulation is: "carnivorous +
cat", the word ‘carnivore’ was recovered from the
ontology using a parser developed for this purpose.
Finally, the search process retrieves the set of

ReFarapslabod spacry

documents {d’,,d’,,d’s,...,d",} containing the word
‘cat’ and/or the word ‘carnivore’, it calculates there-
after the sum of the weights {P’,+P”,, P’,+P”,,
P,4+P”,..., P’ 4+P”} in order to classify the re-
sulting documents according to their relevance. The
result is then displayed to the user.

Figure 4 shows the manner in which the search proc-
ess operates and the interaction between its different
elements.

Finally, the combination of the three processes will
allow us to define the general architecture of our sys-
tem; it is presented in Figure 5.
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Figure 4. Search process architecture
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Figure 5. Architecture of the semantic information search system
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5.3 Description of the developed tool

The Animal Semantic Finder tool has been developed
to operationalize the main objective of our contribu-
tion, lLe. to consider the semantics based on domain
ontology to improve information retrieval system.
Our application offers to users the ability to perform
two search types:

— Classical search: In this search mode, the user for-
mulates a query relating to the animals domain in
order to get answers for frequently asked questions
in this field such as: the animal lifetime, food, cate-
gories ... etc.. The system processes the user query
and provides all documents that meet the request.

— Semantic search: Among the documents returned in
the first search type, some do not meet the exact
needs of the user. To this end, we offer the oppor-
tunity to expand the search by adding other terms
to the original query in order to return documents
closer to those the user wants. These terms are re-
trieved from the domain ontology associated with
our system.

5.3.1 Techniques used for the application development

For the development of ‘AnimSe Finder’, our choice
in terms of tools and implementation techniques was:

— Protégé: A freeware allowing ontology editing. It is
also a knowledge base structure that produces an
ontology written in XML, RDF, OWL etc ... To
edit the ‘AnimOnto’ ontology, we have opted for
the XML format. The XML format is well adapted
to small size ontologies as in our case. It also per-
mits the use of the DOM Api for the ontology
parsing and exploring.

— DOM API: The Document Object Model defines a
standard command set that parsers should incorpo-
rate in order to access the contents of XML docu-
ments. The XML parser that supports DOM ex-
tracts data from an XML document and describes
them using a set of objects. In our case the DOM
will be used by the XML parser to extract ontology
concepts associated with representative terms of a
document. The integration of the DOM API with
the VB.Net language is ensured by establishing a
reference to the MSXML library types provided in
Msxml.dll.

— VB.Net: Visual Basic.Net is an object-oriented
programming language allowing developments with
.Net technology using Visual Studio. This language

makes available to applications that run in the NET,
a set of classes that allows the user to interact with
the system. We chose this language for its qualities
in terms of database managing and the facilities that
it offers for manipulating external documents
(XML in our case). It allows more precisely, a very
simple and polyvalent data access and it includes a
rich object library using the Windows API.

Access: We use the ‘Access” DataBase Management
System to create the database used to store indexes
and references associated to the different docu-
ments of the document base. Access is based on the
relational model and operates on the following
principle: the information is stored in tables that
are linked by relationships. The interrogation of the
database is done by queries written in SQL lan-
guage (Structured Query Language).

5.3.2 Presentation of AnimSe Finder

A) Main interface: The search tool that we propose

B)

offers all the functionality described in the pro-
posed architecture. More exactly, it allows to edit
a query and provide documents that meet this re-
quest by two types of research (classical and se-
mantical). It also gives the possibility of expand-
ing the document base by adding new documents,
so they will be taken into account when respond-
ing to future requests. Finally, it offers the possi-
bility to visualize the ‘AnimOnto’ ontology by
three display types: XML code, tree form and
graph form. The different areas of the main inter-
face are shown in Figure 6.

Indexing: Once the document is added to the
document base, it must be indexed. The activation
of the indexing operation will lead the triggering
of a series of operations, starting with a pretreat-
ment to remove stop words of each document us-
ing an anti-dictionary. Thereafter, one has to ex-
tract the representative concepts of the document.
Finally, the concept weighting consists in assign-
ing a weight for each concept found and in updat-
ing the index base. These operations are per-
formed automatically when a new document is
added, and they are fully supported by the system.
Figure 7 shows the indexing interface.

C) Ontology Visualization: The ‘AnimSe Finder’

tool gives the possibility to visualize the ‘Ani-
mOnto’ ontology with the aim to guide the index-
ing and searching operation. Three display types
are offered: XML code, tree form and graph form.
Figure 8 shows how the ontology is displayed.
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Figure 6. Main interface of the AnimSe Finder tool (1. Initial query; 2. ‘AnimOnto’ ontology concepts;
3. Offered search type; 4. Reformulated query; 5. Relevance scores; 6. Returned documents)

6.0 Evaluation of the ‘AnimSe Finder’ performance

To assess the ‘AnimSe Finder’ tool performance, we
conducted an experiment that aims to understand and
measure the contribution of the semantic treatment in
the indexing and the reformulating process. The evalua-
tion was based on the metrics generally used in the in-
formation retrieval field. These metrics are precision,
recall and F-measure, they are calculated as in Figure 9.

6.1 Test collection characteristics and
evaluation method

The evaluation protocol that we used is based on four
elements: a corpus of documents (document base), a
corpus of queries, relevance judgments (reference
value) indicating that a certain document is relevant

for a given query), and evaluation metrics (recall, pre-
cision and F-measure).

— Document base: The used test collection has been
created from the web and encyclopedias by choos-
ing arbitrarily documents that are related to the
animal domain. These documents are selected ac-
cording to two criteria: their accessibility and diver-
sity (writing styles, vocabulary, text length, etc.).
The document database includes 13,000 text docu-
ments. The advantage of this documents corpus lies
in the fact that it is consists of reliable resources.

— Reference value: Reference values of the correct
answers are made up as follows: For each query, all
potentially relevant documents are gathered in a
‘relevance group’. We have, to this end, controlled
the relevance of each document according to the
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query during the construction of a reference value.
Table 1 summarizes the characteristics of the test
collection used for the performance evaluation of
the ‘AnimSe Finder’ tool.

Figure 7. Semantic indexing mechanism

Category Number
Total number of documents 13,000
Number of queries 25
Average number of relevant documents per query 220

Table 1. Characteristics of the test collection

Search type Recall (%) | Precision (%) F-Measure
— Operation principle: Using the document base Semantic 9118 9837 0.792
previously described, the system performs the se- Classical 2812 7224 0687

mantic indexing of all documents. It takes as input

6.2 Results and discussion

the documents found in both searches (semantical
and classical) are relevant or not according to the
query. The documents returned in both search cases
have been listed by their relevance order according
to each query. They were finally subjected to
evaluation using the previously described protocol.

The obtained results are presented in Table 2.

a set of 25 queries expressed by users in natural lan-

guage.

These users have the role of judging whether

-

Table 2. Evaluation results
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Figure 8. Visualization of the ‘AnimOnto’ ontology

The obtained scores show that the recall rate is higher
in the case of a search guided by the ontology. The
addition of the semantic dimension during indexing
and reformulation produced a gain of 13.06 percent
compared to the classical search. This rate is consid-
ered as a ‘silent’ corresponding to the relevant docu-
ments that have not been returned in the case of a
classic research. This gap in terms of recall is also ex-
plained by the strong match between the words that
were added to the query and by the information con-
tent of the returned documents. With respect to pre-
cision, scores show that the semantic search presents
an improvement of 16.13 compared to classical
search. This high rate of 88.37 means that only a few
nonrelevant documents are provided by ‘AnimSe
Finder’ and that the latter may be considered as "pre-
cise". In contrast the loss of 16.13 percent in the case

of classical search represents documents that are re-
turned although they are insignificant or irrelevant;
they constitute the ‘noise’. Finally, these results are
confirmed by the F-measure that combines precision
and recall and their weighting.

7.0 Conclusion

In this paper we presented two complementary pro-
posals reflecting two viewpoints of ontology used in
information retrieval. The first proposal, semantic in-
dexing, is based on the hypothesis that a document
can be viewed as a set of concepts, where the impor-
tance of a concept depends on the number of links
with other concepts that share the same document. In
this proposal, the document concepts are selected by a
projection of the AnimOnto’ ontology on the differ-
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Figure 9. Precision, recall and F-measure

ent documents. The second proposal concerns the
query reformulation by exploiting the semantic rela-
tionships between their terms in order to improve the
performance of the search tool.

To validate these proposals, we implemented the
‘AnimSe Finder’ tool. In this application the different
phases of document representation has been imple-
mented, namely the term extraction, the new concepts
extraction and weighting. ‘AnimSe Finder’ materialized
also the query reformulation phase by expansion using
the ‘AnimOnto’ ontology. This is done by taking into
account the semantic relationships between concepts
presented in the queries and those of the ontology.

Finally, the developed tool has the advantage of be-
ing generic and adaptable to other search types. It is
only necessary to use a different ontology and another
document base corresponding to the desired domain
in order to extend the functionality offered by the
‘AnimSe Finder’ tool. The comparison of scores ob-
tained by a classical search and those of a search guid-
ed by the AnimOnto’ ontology, in the case of the pre-
sent document collection, has shown that the use of
terms generated by the ontology and the query refor-
mulation provides a remarkable improvement in terms
of the relevance of the returned results. As perspec-
tive, it would be interesting to deepen the performed
research with the idea of using a query with word
combinations, as well as to make a lexical query analy-
sis to correct the users spelling errors. It would also be
interesting to widen the application domain and ex-
tend the AnimOnto’ ontology by adding new con-
cepts and semantic relationships, or to apply the
search in other fields than that of animals.
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