wo 20097118223 A1 I 0F O OO0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /25 | ]| HINIHNO 00O W00 0 0
A 5 (10) International Publication Number
(43) International Publication Date Vs
1 October 2009 (01.10.2009) WO 2009/118223 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GO6F 17/30 (2006.01) GO6F 17/27 (2006.01) kind of national protection available): AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ éé’ gg’ 23’ gg’ gg ? ]])31}({, 3\1\}[]’ gg’ gé’
PCT/EP2009/052176 EC, EE, EG, ES, FL GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
24 February 2009 (24.02.2009) I\K/[ZG II\I/IAKLISII\?I?\/I\I;/RI\/I[“)S( II;/}FY LI\I/J[ZL?\{IAMSGMI\]I)I 11\\%
(25) Filing Language: English NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
(26) Publication Language: English SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,

UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

08300157.8 27 March 2008 (27.03.2008) gp (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): ALCA- GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
TEL LUCENT [FR/FR]; 54 rue la Boétie, F-75008 ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
PARIS (FR). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
[FR/FR]; 13, Rue du Jeu de Paume, F-91470 Forges Les SI?{P;I(]]EB FS’I\]? J:FSF:F%G’ CL CM, GA, GN, GQ, GW, ML,
Bains (FR). CARREZ, Francois [FR/FR]; 3, Rue Ernest - NE, SN, TD, TG).

Hemingway, "Green Valley", F-94320 Thiais (FR). Published:

(74) Agent: KORAKIS-MENAGER, Sophie; C/O Alcatel —  with international search report (Art. 21(3))
Lucent, 54 rue la Boétie, F-75008 PARIS (FR).

(72) Inventors; and
(75) Inventors/Applicants (for US only): LARVET, Philippe

(54) Title: DEVICE AND METHOD FOR AUTOMATICALLY GENERATING ONTOLOGIES FROM TERM DEFINITIONS
CONTAINED INTO A DICTIONARY

(57) Abstract: A device (D), intended for automatically
generating ontologies, comprises an analysis means (AM)
Te rm arranged, each time that is received a term for which an
ontology must be generated, i) for accessing a dictionary
(DC) to determine a definition of this received term, then
SM 1 N ii) for extracting pertinent terms from this determined def-
inition, then iii) for accessing the dictionary (DC) to deter-
mine the definition of each of the extracted pertinent
p N terms, then iv) for building, for each of the determined
DC AM definitions of the received term and extracted pertinent
terms, at least one logical clause expressing a relationship
SM2 B between pairs of pertinent terms it contains, these built
logical clauses defining the ontology of the received term.

> ON

—~ CM

CT" <

D SM3



WO 2009/118223 1 PCT/EP2009/052176

10

15

20

25

30

DEVICE AND METHOD FOR AUTOMATICALLY GENERATING
ONTOLOGIES FROM TERM DEFINITIONS CONTAINED INTO A
DICTIONARY

The present invention relates to the analysis of documents, and more
precisely to a method and a device for automatically generating ontologies
used within the context of document analysis or processing.

The term “automatically generating™ means here that ontologies,
according to the present invention, are able to be automatically generated and
completed from term definitions.

Moreover the term “ontology” depicts here a formal description (or
data model) of the terms (or concepts) that are manipulated within a given
domain and of the relationships between these terms (or concepts).
Ontologies are notably used to reason about the objects that are present
within a domain.

As it is known from the man skilled in the art, an increasing number of
applications use ontologies in order to allow or to participate or else to
facilitate the analysis or processing of documents. This is notably the case of
devices that automatically build executable applications from specifications or
of text analyzers that are used for automatically processing incoming e-mails
in CRM (“Customer Relationship Management”), or of “semantic search
engines” that are able to find pertinent information from natural language
requests.

So, it is important to have at one’s disposal ontologies that fully and
precisely describe terms (or concepts) that may be contained into texts liable
to be analyzed or processed.

Nowadays ontologies are manually built with the assistance of
dedicated tools, such as “Protege” (which is notably described at the Internet
address “http://protege.standford.edu”), for instance. This is not satisfying,
because each time a text (or document) comprises a term (or concept) whose
correspondence within an ontology does not yet exist, a part of this text can

not be correctly analyzed or processed till a specialist manually build the
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corresponding entry in the ontology. Likewise, if synonyms (or hyponyms or
antonyms...) of this term (or concept) are used in the text, the whole meaning
of the text can be misunderstood, due to the lack of a pertinent definition of this
term or relationships with other useful terms.

So, the object of this invention is to improve the situation by allowing
an automatic generation of ontologies.

For this purpose, it provides a method for generating automatically
ontologies, consisting, each time one receives a term for which an ontology

must be generated:

of determining the definition of this received term into a dictionary, then

of extracting pertinent terms from this determined definition, then

- of determining the definition of each of these extracted pertinent terms into
the dictionary, then

- of building, for each of the determined definitions of the received term and
extracted pertinent terms, at least one logical clause expressing a
relationship between pairs of pertinent terms it contains, these built logical
clauses defining the ontology of the received term.

The method according to the invention may include additional
characteristics considered separately or combined, and notably:
- after having built the logical clauses, one may convert them into a chosen

ontology language;

» one may convert the logical clauses by means of a conversion table;

» the ontology language may be chosen from a language group comprising
at least OWL (“Ontology Web Language”) and RDF (“Resource
Description Framework™).

The invention also provides a device for generating automatically
ontologies and comprising an analysis means arranged, each time that is
received a term for which an ontology must be generated:

- for accessing a dictionary to determine a definition of this received term,

then

- for extracting pertinent terms from this determined definition, then
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- for accessing the dictionary to determine the definition of each of the

extracted pertinent terms, then
- for building, for each of the determined definitions of the received term and
extracted pertinent terms, at least one logical clause expressing a
relationship between pairs of pertinent terms it contains, these built logical
clauses defining the ontology of the received term.
The device according to the invention may include additional
characteristics considered separately or combined, and notably:
- it may further comprise a converting means arranged for converting the built
logical clauses into a chosen ontology language;
» the converting means may be arranged for converting the logical clauses

by means of a conversion table;

e it may further comprise a storing means arranged for storing the
conversion table;
» the ontology language may be chosen from a language group comprising
at least OWL and RDF.

The invention also provides a computer software product comprising
a device such as the one above introduced.

Other features and advantages of the invention will become apparent
on examining the detailed specifications hereafter and the appended drawing,
wherein the unique figure schematically illustrates an example of embodiment
of a device according to the invention.

The appended drawing may serve not only to complete the invention,
but also to contribute to its definition, if need be.

The invention aims at offering a device (D), and the associated
method, intended for automatically generating ontologies from term definitions
that are contained into dictionaries.

The invention addresses any ontology that describes in a formal
manner terms (or concepts) that are manipulated in any type of domain and
the relationships between these terms (or concepts).

It is important to note that a device D according to the invention may
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be part of, or coupled to, an equipment or an application that is, for instance,
intended for analyzing or processing texts or documents. So, such a device D
can be a computer electronic product that is made of software modules or
electronic circuit(s) (or hardware modules) or else a combination of hardware
and software modules.

As schematically illustrated in the unique figure, a device D according
to the invention comprises at least an analysis module AM.

The analysis module AM is arranged for intervening each time its
device D receives a term (or concept) for which an ontology has to be
generated. So, when a term is received, the analysis module AM accesses at
least one dictionary DC to determine a definition of this received term. As
llustrated the dictionary DC may be stored into a first storing means SM1 of
the device D. But this is not mandatory. Indeed, the dictionary DC could be
also stored into an external storing means accessible to the device D, for
instance onto a distant server through a communication network.

Any type of first storing means SM1, capable of storing at least one
dictionary DC and known from the man skilled in the art, may be used. So, it
can be a database, a flash memory, a ROM, a RAM, a CD (“Compact Disc”) or
DVD (“Digital Video Disc”), a flat files system, or any other kind of repository.

For instance, if the analysis module AM has to build an ontology
describing the “semantics” of the concept of “translation”, then it determines
the definition of the concept “translation” into the dictionary DC (here stored
into the first storing means SM1). This definition can be “The act of converting
a text from one language to another”.

Then the analysis module AM extracts the pertinent terms that are
contained into the term (or concept) definition it has determined. For this
purpose it may perform a semantic analysis of the definition. A “pertinent term
within a phrase” is a word or a set of words (or “lexical string”) that is/are the
“semantic skeleton” of the phrase, i.e. mainly nouns and verbs. For instance,
in the sentence “The act of converting a text from one language to another”
pertinent terms are “act of converting” (i.e. “conversion” or “convert”), “text” and

‘language”.
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So, for the concept “translation”, the pertinent terms of its definition
are “convert’, “text” and “language”.

When the analysis module AM has extracted the pertinent terms
contained into a definition, its accesses again the dictionary DC to determine
the definition of each of these extracted pertinent terms. For instance, in the
case of the concept “translation”:

- the definition of the extracted pertinent term “convert” is “to transform or
change something into another form, substance, state, or product”,

- the definition of the extracted pertinent term “text” is “a written passage
consisting of multiple characters, symbols or sentences”, and

- the definition of the extracted pertinent term “language” is “a system of
communication using the spoken words or using symbols that represent
words or sounds”.

When the analysis module AM has determined the definition of each
pertinent term extracted from the definition of the received term (or concept), it
builds, for each of the determined definitions of the received term (or concept)
and extracted pertinent terms, at least one logical clause which expresses a
relationship between pairs of pertinent terms it contains. The set of the built
logical clauses defines the ontology of the received term (or concept). The
term “clause” must be here understood in the sense of the Bourbaki's theory of
sets.

For instance, in the case of the concept “translation”:

- the definition of “translation” gives the following logical clauses:
» “translation is an act of converting”,
» “the conversion concerns a text”, and
> “the text is converted from one language to another language”,
- the definition of “text” gives the following logical clauses:
> “atext is a written passage”,
“the passage consists of several characters”, or

>
» “the passage consists of several symbols”, or
>

“the passage consists of several sentences,
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» “a sentence is a set of words”, and
» “a sentence has a grammatical structure”.

It is important to note that the analysis module AM may be divided into
two sub-modules, a first one for accessing the dictionary DC to determine a
definition, and a second one for extracting the pertinent terms that are
contained into a definition determined by the first sub-module.

As illustrated in the non limiting example of the unique figure, the
device D according to the invention may also comprise a conversion module
CM. This conversion module CM is intended for converting the logical clauses
(built by the analysis module AM) into a chosen ontology language, such as
OWL (“Ontology Web Language”) or RDF (“‘Resource Description
Framework”), for instance.

Let us remind that OWL and RDF are two ontology languages that
have been developed and standardized by the W3C (*“World Wide Web
Consortium”).

To carry out a conversion of a set of logical clauses the conversion
module CM may use a conversion table CT. As illustrated, such a conversion
table CT may be stored into a second storing means SM2 of the device D. But
this is not mandatory. Indeed, the conversion table CT could be also stored
into an external storing means accessible to the device D, for instance onto a

distant server through a communication network.

Any type of second storing means SM2, capable of storing at least
one conversion table CT and known from the man skilled in the art, may be
used. So, it can be a database, a flash memory, a ROM, a RAM, a CD or DVD,
a flat files system, or any other kind of repository.

It is important to note that the first SM1 and second SM2 storing

means could be two parts of the same storing means.

The conversion module CM comprises an output on which it may
deliver the set of logical clauses it has converted and which defines the
ontology ON corresponding to the term (or concept) previously received by its

device D.
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As illustrated in the non limiting example of the unique figure, the

device D according to the invention may also comprise a third storing means

SM3 in which the conversion module CM may store the set of logical clauses it

has converted. Any type of third storing means SM3, capable of storing sets of

(converted) logical clauses defining ontologies ON and known from the man

skilled in the art, may be used. So, it can be a database, a flash memory, a

ROM, a RAM, a flat files system, or any other kind of repository.

It is important to note that the first SM1 and/or second SM2 and/or

third SM3 storing means could be two or three parts of the same storing

means.

A non limiting example of a part of an OWL conversion table CT is

given hereafter:

Logical clause

Corresponding OWL notation

A ClassA is a
sort of ClassB

<owl:Class rdf:ID="ClassB" />
<owl:Class rdf:ID="ClassA">
<rdfs:subClassOf>
<owl:Class rdf:about="#ClassB"/>
</rdfs:subClassOf>
</owl:Class>

Chose is an
instance of
ClassA

<ClassA rdf:ID="Chose"/>

The german is
an instance of
language

<Language rdf:ID="German"/>

ClassB is made
of several
ClassC

<owl:Class rdf:ID="ClassC" />
<owl:0bjectProperty
rdf:ID="1s made of">
<rdfs:domain rdf:resource="#ClassB"/>
<rdfs:range rdf:resource="#ClassC"/>
</owl:0ObjectProperty>

<owl:Class rdf:about="#ClassB">
<owl:Restriction>
<owl:onProperty
rdf:resource="#is made of"/>
<owl:cardinality rdf:datatype=
"&xsd;nonnegative Integer">
several
</owl:cardinality>
</owl:Restriction>
</owl:Class>
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In this conversion table CT each logical clause is translated into its

correspondence in OWL.

With such an example of conversion table CT, it is possible to
generate the following example of XML file which contains an ontology ON
describing the term “Translation” in OWL (i.e. with logical clauses converted in
OWL) (the comments in italic inside “<!-- .. -->” show how the logical clauses

are interpreted by the conversion module (or ontology generator) CM):

<?xml version="1.0"7?>

<rdf :RDF
xmlns="file:Domain Translation.owl#"
xml:base="file:Domain Translation.owl#"
xmlns:owl="http://www.w3.0rg/2002/07/owl#"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-

ns#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema#">

<owl:0Ontology rdf:about="">
<rdfs:description>
Domain Ontology for Translation

</rdfs:description>

<rdfs:comment>This ontology has been fully generated
from natural language by
AutogenerativeOntologyBuilder.</rdfs:comment>

</owl:0Ontology>

<owl:Class rdf:ID="Translation">
<rdfs:description>Translation is the name of the

Domain addressed by this ontology.</rdfs:description>
</owl:Class>

<!-- heritage: Translation is-a-kind-of conversion -
->

<owl:Class rdf:ID="conversion"™ />

<owl:Class rdf:about="#Translation">
<rdfs:subClassOf>

<owl:Class rdf:about="#conversion"/>

</rdfs:subClassOf>

</owl:Class>

<!-- synonym: conversion 1is-synonym-of
act of converting -->
<owl:Class rdf:ID="act of converting" />
<owl:Class rdf:about="#conversion">
<equivalentClass
rdf:resource="#act of converting"/>
</owl:Class>
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<!-- obj property: conversion concerns text -->
<owl:0bjectProperty rdf:ID="concerns">
<rdfs:domain rdf:resource="#conversion"/>
<rdfs:range rdf:resource="#text"/>
</owl:0ObjectProperty>

<!-- assoc: text is converted from (1) language -->
<owl:Class rdf:ID="text" />
<owl:Class rdf:ID="language" />
<owl:0ObjectProperty rdf:ID="is converted from">
<rdfs:domain rdf:resource="#text"/>
<rdfs:range rdf:resource="#language"/>
</owl:0ObjectProperty>

<owl:Class rdf:about="#text">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty

rdf:resource="#1is converted from"/>

<owl:cardinality>1</owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<!-- assoc: text is converted to (1) language -->
<owl:0ObjectProperty rdf:ID="is converted to">
<rdfs:domain rdf:resource="#text"/>
<rdfs:range rdf:resource="#language"/>
</owl:0ObjectProperty>

<owl:Class rdf:about="#text">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty

rdf:resource="#1is converted to"/>

<owl:cardinality>1l</owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<!-- heritage: text is-a-kind-of passage —-->
<owl:Class rdf:ID="passage" />
<owl:Class rdf:about="#text">
<rdfs:subClassOf>
<owl:Class rdf:about="#passage"/>
</rdfs:subClassOf>
</owl:Class>

<!-- data property: passage has the property:

isWritten = written —-->

<owl:DatatypeProperty rdf:ID="isWritten">
<rdfs:domain rdf:resource="#passage" />
<rdfs:range rdf:datatype="string"/>
<rdfs:description>
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written
</rdfs:description>
</owl:DatatypeProperty>

<!-- composition: passage isComposedOf (1..n)
character -->
<owl:Class rdf:ID="character" />
<owl:0bjectProperty rdf:ID="isComposedOf">
<rdfs:domain rdf:resource="#passage"/>
<rdfs:range rdf:resource="#character"/>
</owl:0ObjectProperty>

<owl:Class rdf:about="#passage">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty
rdf:resource="#isComposedOf" />
<owl:cardinality>1l..n</owl:cardinality>
</owl:Restriction>
</rdfs:subClassQOf>
</owl:Class>

<!-- composition: passage isComposedOf (1..n) symbol
-—>
<owl:Class rdf:ID="symbol" />
<owl:0bjectProperty rdf:about="#isComposedOf">
<rdfs:domain rdf:resource="#passage"/>
<rdfs:range rdf:resource="#symbol"/>
</owl:0ObjectProperty>

<owl:Class rdf:about="#passage">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty
rdf:resource="#isComposedOf" />
<owl:cardinality>1l..n</owl:cardinality>
</owl:Restriction>
</rdfs:subClassQOf>
</owl:Class>

<!-- composition: passage isComposedOf (1..n)
sentence —-->
<owl:Class rdf:ID="sentence" />
<owl:0bjectProperty rdf:about="#isComposedOf">
<rdfs:domain rdf:resource="#passage"/>
<rdfs:range rdf:resource="#sentence"/>
</owl:0ObjectProperty>

<owl:Class rdf:about="#passage">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty
rdf:resource="#isComposedOf" />
<owl:cardinality>1l..n</owl:cardinality>
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</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<!-- composition: sentence isComposedOf (1..n) word
-—>
<owl:Class rdf:ID="word" />
<owl:0bjectProperty rdf:about="#isComposedOf">
<rdfs:domain rdf:resource="#sentence"/>
<rdfs:range rdf:resource="#word"/>
</owl:0ObjectProperty>

<owl:Class rdf:about="#sentence">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty
rdf:resource="#isComposedOf" />
<owl:cardinality>1l..n</owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<!-- obj property: sentence has
grammatical structure -->
<owl:0bjectProperty rdf:ID="has">
<rdfs:domain rdf:resource="#sentence"/>
<rdfs:range
rdf:resource="#grammatical structure"/>
</owl:0ObjectProperty>

<!-- data property: sentence has the property:
hasGrammaticalStructure = grammatical structure -->
<owl:DatatypeProperty
rdf:ID="hasGrammaticalStructure">
<rdfs:domain rdf:resource="#sentence" />
<rdfs:range rdf:datatype="string"/>
<rdfs:description>
grammatical structure
</rdfs:description>
</owl:DatatypeProperty>

</rdf :RDF>

With the above mentioned example of ontology ON corresponding to
the concept “translation”, it is possible to make reasoning and to answer to
questions such as “what is a translation?”, “what is concemed by a
translation?”, “what is the role of a text in the translation?”, “how languages are

used in a translation?”.

The invention can also be considered in terms of a method for
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automatically generating ontologies.

Such a method may be implemented by means of a device D such as
the one above described with reference to the unique figure. Therefore, only
its main characteristics will be mentioned hereafter.

The method according to the invention consists, each time one

receives a term for which an ontology must be generated:

of determining the definition of this received term into a dictionary DC, then

of extracting pertinent terms from this determined definition, then

- of determining the definition of each of these extracted pertinent terms into
the dictionary DC, then

- of building, for each of the determined definitions of the received term and
extracted pertinent terms, at least one logical clause expressing a
relationship between pairs of pertinent terms it contains, these built logical
clauses defining the ontology of the received term.

The invention allows to improve not only the performance of text
processing or analysis because the processing time can be reduced, but also
the performance of text processing or analysis because the deep of the
“‘understanding” of the text is increased. For instance, in the case of a CRM
application intended for processing customers e-mails with a grammatical or
semantic approach, the capabilities of the text processor and grammatical
analyzer are notably improved because i) different terms and concepts can be
linked together, ii) the relationships between the terms can be established, and
i) the deep of the analysis and its pertinence can be enhanced. Moreover, the
automatic building of ontologies allows the use of powerful tools in the domain
of natural language requesting or processing.

The invention is not limited to the embodiments of method and device
described above, only as examples, but it encompasses all alternative
embodiments which may be considered by one skilled in the art within the

scope of the claims hereafter.
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CLAIMS

1. Method for automatically generating ontologies, characterized in that
it consists, each time one receives a term for which an ontology has to be
generated, i) of determining the definition of said received term into a
dictionary (DC), then ii) of extracting pertinent terms from said determined
definition, then iii) of determining the definition of each of said extracted
pertinent terms into said dictionary (DC), then iv) of building, for each of said
determined definitions of said received term and said extracted pertinent
terms, at least one logical clause expressing a relationship between pairs of
pertinent terms it contains, said built logical clauses defining the ontology of
said received term.

2. Method according to claim 1, characterized in that after having built

said logical clauses one converts them into a chosen ontology language.

3. Method according to claim 2, characterized in that one converts said

logical clauses by means of a conversion table (CT).

4. Method according to one of claims 2 and 3, characterized in that said
ontology language is chosen from a language group comprising at least OWL
and RDF.

5. Device (D) for automatically generating ontologies, characterized in
that it comprises an analysis means (AM) arranged, each time that is received
a term for which an ontology has to be generated, i) for accessing a dictionary
(DC) to determine a definition of said received term, then ii) for extracting
pertinent terms from said determined definition, then iii) for accessing said
dictionary (DC) to determine the definition of each of said extracted pertinent
terms, then iv) for building, for each of said determined definitions of said
received term and said extracted pertinent terms, at least one logical clause
expressing a relationship between pairs of pertinent terms it contains, said
built logical clauses defining the ontology of said received term.

6. Device according to claim 5, characterized in that it further comprises
a converting means (CM) arranged for converting said built logical clauses into

a chosen ontology language.
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7. Device according to claim 6, characterized in that said converting
means (CM) is arranged for converting said logical clauses by means of a
conversion table (CT).

8. Device according to claim 7, characterized in that it further comprises
a storing means (SM2) arranged for storing said conversion table (CT).

9. Device according to one of claims 6 to 8, characterized in that said
ontology language is chosen from a language group comprising at least OWL
and RDF.

10. Device according to one of claims 5 to 9, characterized in that it
further comprises an other storing means (SM1) arranged for storing said
dictionary (DC).

11. Computer software product, characterized in that it comprises a

device (D) according to one of claims 5 to 10.
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