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Abstract. This paper introduces the notion of prototypicality in On-
tology Engineering. Three kinds of prototypicality are sinolered: a
concept can be more or less representative of its supeepb(eon-
ceptual prototypicality); a term can be more or less astetito a
concept (lexical prototypicality); an instance can be nuress rep-
resentative of its concept (instance prototypicalityptBtypicalities
are modeled as order relations which allow to modulate lin&s
tween concepts, terms and instances within an ontologyaltulate
prototypicality gradients used to quantify these orders,agdvocate
a specific method which is based on all the components of ait-ont
ogy (i.e. concepts, properties and instances) and a cofpisspaper
also underlines the relevance of prototypicality for impng the ef-
ficiency of Ontology Engineering processes, in particulatdlbgy
Personalization and Semantic-based Information Retrieva
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Currently, a lot of Information Systems exploit ontologiesich are
defined as conceptual representations of knowledge retategdiven
field and are built according to a consensus shared by the eremb

Introduction

terms). To perform the calculation of these weights, we figfned
semi-automatic and automatic methods which are based ahg1)
semantics expressed in the ontology, (2) a textual corptiseofio-
main which is considered and (3) a population of concepaiss.
Our work falls within the scope of the semiotic approach obiir
edge Engineering, which takes the three dimensions of ledye
[6, 7] (i.e.intensional, extensional and expressional dimension) int
account.

Various applications of prototypicality can be considare@ntol-
ogy Engineering and Knowledge-Based Systems (KBS). Tha& mai
issues we focus on are KBS personalization and informatin r
trieval, mainly in the context of industrial projects.

The rest of this paper is structured as follows. Sectionrdéhices
the model we advocate to equip ontology with prototypigakiach
type of prototypicality (.e.conceptual, lexical and instance prototyp-
icalitty) is associated with a specific gradient and the metised to
compute it. This section also presents how an emotiona stat be
used to modulate the gradients. Section 3 describes howtypot
cality can be used to refine information retrieval and KBSspeal-
ization. Section 4 shows the results of two experimentseasely

of an ingroup. Classically, an ontology is composed of ordered setsgegicated to environment legal intelligence and enviramrpelicy.

of concepts and propertfesBut such an ontology does not capture
all the knowledge the members of the ingroup have on the domai
In particular, it does not specify how a concept is represtam of

its upper concept. Nevertheless, this notion, catiedotypicalityin
cognitive psychology, underlies all conceptual categdias [10, 4].
For example, parrots, sparrows and chicken are all corexidas
birds, but the concept of sparrow is more close to the conakpt
bird than those of parrot and chicken (at least for europemplp).

In other words, thinking to a bird leads more to think to a spar
than to a parrot or a chicken.

We propose to introduce this notion in ontology, as a supptem
tary knowledge layer above existing models. We introduagapr
typicalities between two concepts hierarchically linkelitéctly or
not), but also between concepts and their terms, and bete@en
cepts and their instances. In practice, prototypicalities repre-

sented by weights added on the links defined between thedzonsi ¢

ered elementsiga links between concepté#nstanciationlinks be-
tween concepts and instanceamminglinks between concepts and
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To formalize the notion of prototypicality, we consider amtaogy
O (related to a domai® and an ingrougs) as a tuple:

Introducing prototypicality in ontology

Owm.a) = {C,P,I7§C7§P7dom7 codom, U,L} where
e C, P etZ are respectively the sets of concepts, properties and in-
stances;
<%:C x Cet<P: P x P are partial orders which organize the
hierarchies of concepts and properfies
dom : P — C andcodom : P — (CU Datatypes) associates
to each property its domain and co-domain;
o : C — p(Z) associates to each concept its instances;
L = {Lc U Lp U Ly, terme,termy, term;} is the vocabulary
of the language used b¥ to speak about the domaif, where
Lc, Lp and Ly are the sets of terms associated’toP andZ,
and whereterm. : C — p(Lc¢), termp : P — p(Lp) and
term; : T — p(Lr) are the fonctions which associate to each
concept, property or instance the terms used to denote them.

We introduce the prototypicality by weighting the diffetéinds
of links of the ontology. These weights form numerical gesui$
which express three kinds of prototypicality:

7 ¢1 <€ ¢3 means that the concepi is subsuming the concept.



e conceptual prototypicality defined on links<®: two concepts,
with one inherits from the other, can be more or less closettay.

Formally speaking, the SPG is a functispg : C x C — [0, 1]
that, to each pair of concepts, cy) € C x C such that <¢ cf,

More precisely, in a sibship of concepts, some of them areemor associates the value:

prototypical of their father than the others. For exampieoag all
plane types, the most representative, about which we tetiiitio

when we think to the concept of plane, is rather a modern and

commercial plane, and not the first biplane or a plane propsye
muscular strength.
e lexical prototypicality defined on linksterm,. and term,,: for

a given concept (or a property) with several terms used toenam
it, some terms are most often used than the others. For egampl

planeis rather used thaaeroplaneor heavier-than-air

e instance prototypicality defined on linksr: among the instances
of a given concept, some instances are more representhtive t

the others. For example, when thinking to the conceptlahe-
which-flew-over-the-Atlantjove think rather to th&pirit-of-St.-

Louis than to one of the current planes that crosses the Atlantic

everyday.

2.1 Conceptual prototypicality gradient

From a semiotic perspective, the conceptual prototypicajiadi-

ent, that we calBemiotic-Based Conceptual Prototypicality Gradient

(SPG), is composed of three components: (linensional compo-

nent, based on the comparison between the concept intensiens (

the properties of concepts), (2) artensional componentbased on
the comparison between concept instances and (&xpressional

spyg(c, cy) = aint(c, cy) + B.ext(c, cf) + v.exp(c, cy)

Theint, ext andexp functions are respectively presented in the
following sectionsc, 8 and~ are positive coefficients which weight
each component of the SPG. To normalize the values, we inthese
SPG and each of its component to be between 0 (minimum represe
tativeness) and 1 (maximum representativeness)pand + v = 1.
The values of these 3 coefficients can be set arbitrarily pegmen-
tally; we also provide a method to set them automatically.

intension (o)
% & o }/

VA <e
extension uexpression
® v/B %

0 1 0

Figure 1. The semiotic triangle with SPG coefficients/« close to 0
means that the conceptualization of the domain is moresidaal than
expressional; this ratio close t@ means the opposite and this ratio equal to
1 means that the conceptualization is as intensional agssipnal. A
similar approach is adopted for the other ratios.

component based on the comparison between concept terms which

appears in a corpus. The calculation of the extensional coent re-
quires a set of concept instances, which must be represeméthe
cognitive universe of the ingroup. The calculation of thpressional
component requires a corpus of documents representatikie obg-
nitive universe of the ingroup. And the calculation of theemmsional
component requires that properties exist in the ontology.

Because the ratios between 8 and~y express the cognitive co-
ordinates of the ingroup in the semiotic triangle (cf. figddeit is
impossible to set independently the 3 values. We chose twoileté
the ratiosy/a andv/3, thena, 8 and~ are infered from these ratios
and the above constraints.

~/a represents the ratio between what is conceptualized by the

Moreover, the intensional component can be refined by weightingroup and what is expressed in the corpus,the ratio between

ing links between properties and concepts: these weighiess,
for each concept and each property, the significance of theepty
in the definition of the concept. At present, these weight lta be
specified manually. For each property, all the conceptshwinm the
property have to be ordered on the interval [0,1]. For exauxfpl the
propertyhasauthor, the concepScientific articlewill be placed first

(close to 1), the conceftress articlewill be placed after (because

to have an author is less important for this concept) and dheept
Instructions leaflewvill be placed close to 0.

Of course, all these resources (instances, corpus, pyopeights)
are not always available, but the method we propose to eatplo-
totypicalities remains valid whatever resources we haoe.eikam-
ple, if there is no instance, only the intensional and exgioesl com-
ponents are calculated. If the ontology is the only avadlabkource,
with no instance, no weight on properties and no corpus, tray
intensional component is calculated, with all the weiglosad to 1.

what s purely intensional (concepts of the ontology whihreot ex-
pressed in the corpus) and what is purely expressionnahgteshich
appear in the corpus but which name concepts missing frorarthe
tology). But we suppose that the ontology covers all the usyipe.
each term of the corpus denotes at least a concept, a prapeaty
instance of the ontology. Then,/« is estimated by the cover rate
of concepts in the corpus, that is the number of conceptshniic
least one term appears in the corpus, divided by the totabeuiwf
concepts. Similarlyy /3 is estimated by the cover rate of instances
in the corpus, that is the number of instances which at lezsterm
appears in the corpus divided by the total number of ins&nce
When no corpus is available, onty/3 is calculated. A concept
that owns very significant properties, but with few instan(fer ex-
ampleDragon) is conceptualized more in an intensional way. Con-
versely, a concept with ordinary properties but which owtu af in-
stances (for exampl€ar) is conceptualized in an extensionnal way.

Then, the model we advocate allows to weight each componen®0://3 is estimated by the average ratio, for all concepts, between

of the SPG, in order to take the domination of the intensioes
tensional and/or expressional aspects in the concepitiatisof the
domain into account. These dominations are conditionedhéyo-
main, the ingroup and the applicative context. For examipléhe
field of mathematics, the intensional aspect prevails. éndbmain
of biological species, a biologist builds its conceptuatlizn on bio-
logical properties (the intensional aspect prevails),rbast of peo-
ple usually use extensional conceptualisations, baseleoartimals
encountered during their lifes.

the significance of properties owned by a concept and the auofb
instances of this concept.

2.1.1 Intensional component

The intensional component of the SPG assesses how much a con-
ceptc is representative of its father;, by comparing properties of

the two concepts. Like in [1], concepts are represented lojove

in the vectorial space of properties. But [1] uses fuzzyhtnalues



as vector coordinates, whereas our coordinates are vahieb @as- This estimation is based on terms which appear in the ongolog
sesses the significance of properties in the definitions n€agts.  If a corpus considered as representative of the domain itabig
Formally speaking, to each concepte C is associated the vector it can be used to refine the expressional component: the rhere t
i

Ve= (Ve1,Ve2, ..., UVen) With n = |P| @ando.; € [0,1],Vi € [1,n]. terms ofc or its descendants are present in the corpus, the more

vei IS the weight fixed for the conceptwith respect to the property is expressed in the cognitive universe of the ingroup, aadrtbrec

1 (ve; = 1if the weight is not fixed). is prototypical ofc¢. The occurences of terms are weighted accord-
The prototype of the upper conceptis calculated as avectpff, ing to structures of the documents. For example, an occartrat

and the intensional prototypicality betweeandc; is the euclidian  appear in a title or in a keyword list counts more than an caoce

distance betweepjf anduv.,, the vector that represents that appears in a paragraph. We also want to take into actoent

The prototype of a concep} has been introduced in [1] as the av- distribution of occurences between documents, becausenztiat
erage of the vectors which represents the childreryoBut [1] only ~ appears often but in few documents should have smaller weigh
considers the concepts which directly inherit frem whereas we 0one which appears not very often but in most documents.
extend the calculation to all the descendants gfbecause proper- ~ We measure the pregnance of a térimthe corpus with the func-
ties wich appear only in a indirect descendant ptan nevertheless  tion pregnance;(t) : Lc — [0, 1] defined as follows:
appear in the prototype af;. For example, to wear a white coat is
not a property of the conceResearcherbut the prototype oRe-
searchercan have this property. The prototype vegigf is a vector  with count... (1) is the weighted occurrence numbettdf the docu-
in the vectorial space of properties, with the coordinatetie prop-  ments,countq,.(t) the number of documents wherappearsNoc.
erty 4 is the average of all the coordinates of thedescendants for the sum of all weighted occurences of all terms in the corpub a

countoce(t) * countg,.(t)

pregnance(t) = <5< e

this property. Withi € P andS;(c) = {¢; < ¢,¢; € dom(i)}: Naoe the number of documents in the corpus.
. The functionpregnance.(c) represents the pregrance of concepts
R ejebitep I [ and is defined as followsSt.- (c) is the set of terms that naneer
pe; [i] = W one of its descendant):
. . . . pregnancec(c) = pregnance(t
The intensional componentist(c, cy) = 1 — d(ve, pe, ) with d () tesgzm(c) +(®)

the euclidian distance in the space of properties. . .
The expressional component égp(c,cy) = expsyn(c,cy) X

pregnancee(©) (or exp(c, cp) = expsyn(c, ¢p) if NO corpus is avail-

pregnancec(cy)

2.1.2 Extensional component able).

The e.xtensional compongnt of the SPG assesses how much a copo | axical prototypicality gradient

ceptc is representative of its fathey by estimating the space occu-

pied by the instances efin the extension of ;. More this space is The Lexical Prototypicality Gradient (LPG) estimates, éogiven
wide, morec is prototypical ofc;. For example, someone who owns concept C and a term T used to name C, the representativehess o
a dozen of cats considers a cat more prototypical with réespehe T to name C. The calculation of the LPG requires a corpus. The
conceptsAnimalthan someone who owns a goldfish. Calculating thisprinciple is that the more the ratio between occurence nurobe
component supposes that instances are fixed in the ontoMeyse  the term and occurence number of one of the terms used to name
a logarithmic function in order to obtain a behavior of theemsional ~ the concept is close to 1, the more the term is prototypicahisf
component close to human evaluation (prototypicalitiesasfcepts ~ concept. Occurences of terms are weighted according totthe- s

with very few instances are not too close to 0). The exterasionm- ture of corpus and their distributions in the documents. flinetion
ponent is: lpg(t,c) : Lc x C — [0,1] is defined as follows, for each couple
(t, ¢) with ¢ the concept named hy

lpg(t7 C) = 1/ (1 - lOg ( Zpregn;'rz‘j;:(sizcet(m) ))

méetermc(c)

ext(c,cp) = 1/(1 — log (lL"((c;))‘l))

2.1.3  Expressional component 2.3 Instance prototypicality gradient

The expressional component of the SPG assesses how much a cgtx for terms, instances of concepts can be more or less eyiees
ceptc is representative of its father; by comparing the way they tive of the concept to which they belong. For example, als cae
are expressed. Moreis expressed, more it is representativeepf  instance of the concefitat, but someone who owns a cat would con-
A first estimation of the expressional prototypicalitycd based on  sider his cat as more representative than the others. Tineagisin
the number of terms: morehas terms, more the place thabccu-  of this Instance Prototypicality Gradient (IPG) can onlydmme by
pies in the cognitive universe of the ingroup is wide. Formregke,  using the corpus, as for LPG. The functipregnance;, similar to
the conceptiorse that has a lot of synonyme.Q. cobnag gee-gee  pregnance,, estimate the pregnance of an instanbg the ratio be-
or jade) is more prototypical of the concephimalthan the concept  tween the occurence number of terms that named the occurence

Raccoorthat has only one term. This first estimation is given by thenumber of all terms in the corpus, considering structurés@tiocu-
ratio between the number of terms that namand the maximum  ments. The functiotipg(i,c) : Z x C — [0, 1] is defined as follows,

number of terms that name each direct chila: pf for each coupléi, ¢) with i an instance of the concegt
terme(c . . e i (2
expsyn(c; cf) = = <l (Tterme (e wpg(i,c) = 1/(1 —log (%))

C¢SCCf,$Cj,C¢SCCjSCCf j€a(c)



2.4 Emotional factor

Works in cognitive psychology show that the emotional stfta
person influences his perception of categories: more th&opeas
stressed, more his mind is concentrated on objects coglyitilose
to those which concern him [5, 8]. Then, we introduce an eoneti
factor, represented by a coefficienthat can vary from 0 to 1, for an
open state of mind, and from 1 t0, for a closed state of mind. SPG,
LPG and IPG are elevated to the powep, in order to modulate the
gradients according to a state of mind: for an open state ofimi
weak values of prototypicality are increased and for a dasate of
mind, they are decreased.

3 Applications of prototypicality

We introduce the notion of prototypicality as an additionagni-
tive element above existing ontology models. Thus, as tkebal-
ements of a domain ontology.@.concepts, properties or axioms),
prototypicalities can be applied (at the operational let@harious
tasks.

3.1 Application to ontology engineering

Prototypicality gradients can be used as a tool to fadditeitology

information retrieval system wants a broad search, and tteme-
guest expansion will be large. If the user wants to focus erctin-
cept he puts himself in the requeétis a very high value, and few
concepts are added to the request. In an other way, if we sefhat
the user stress level is automatically obtained from a éevican be
fixed as inversely proportional to this level. So if the usestressed,
the system will open the search space, in order to reducérésss
and inversely, if the user is too relaxed, the system wiltrieisthe
results set in order to favour the user concentration.

3.3 Application to KBS personalization

The personalization of an Information System (IS) maininpgists
in adapting its behavior to the user profile and the useriagtix or-
der to allow the user accessing to information that are ogligvant
for its activity. This personalization process is more amtencru-
cial, because of the ceaseless growth in data volume matggé&d
Moreover, IS are more and more open to various users, efigd&ia
that operates on the Web [2]. Personalization is often basagser
preferences in the system interface which is enable to yaditl
expand requests, to filter results and to adapt the pregentsHtthe
results. But, in the case of IS that include knowledge repridion,
we propose to use the ontology as the support of the perganali

building. Indeed, the expressional component of the SPG can be calion process: the ontology captures the consensual kngeltuat

culated from a corpus for all couples of concepts of an ogggland
subsumption links automatically added between each cafpen-
ceptsc; andces such thaexzp(ci, c2) is higher than a given threshold.
This can help to automatically extract concept hierarchia® text,
as long as the concepts have been extracted using textgmath-
niques. If properties of concepts are also available, thengional
component can also be used to complete the estimation ofRfke S
in order to refine the automatic building of the hierarchy.

is shared by the end user, and the personalization of thersysin
be done by adding to the ontology supplementary knowledge th
depends on the cognitive universe of the end user.

Ontologies, as sets of concepts, properties and axiomsstpegss
the semantics of a domain, are considered as consensudhanmedl s
conceptualisations of a domain [3]. We use the t@rgroup to de-
note the set of people who share such a conceptualisationwBhin
a single ingroup, cognitive elements that are not modelizéige on-

Prototypicality can also be used fontology validationandon-  tology can not be the same from an ingroup member to anotleer on
tology evolution Given an ontology and a corpus representative oflf concepts are the same in member minds, the instances odift be
the domain, SPG, LPG and IPG can be calculated. If some vafues ferent. For example, in the case of an ontology about traainigity,

SPG are very low, the correspondiisz links should be considered
as inadequate. Perhaps the child concept could inherit fnoother
concept, or an additionnal concept could be inserted betivestwo
initial ones, in order to smooth the distribution of SPG \wvitthe on-
tology. Similarly, if the value of a LPG (resp. IPG) is verynothe
term (resp. instance) would be allocated to another concept

3.2 Application to information retrieval

The first application of SPG to ontology-based informatietmieval
is the improvement of request expansion. Given a concé@pht re-
quest, the request can be expanded to all subconceptsuath that

two marketing men can agree with the ontology, but the it&an
they know will be different: they do not meet the same custsme
they do not sell the same goods and so on.

In a similar idea, documents representative of what ingroem-
bers know about the domain are inevitably not the same fahall
members. For example, teachers of mathematics agree wihisvh
Pythagoras’ theorema, but each of them can advise to readie- pa
ular book to study this theorema. In section 2.1, we havedhiced
properties weigths in order to express the importance df paap-
erty in the conceptualization. If ingroup members agreéd wiin-
cepts, properties and links between them that appear imttaogy,
they can attribute different weigths to properties. Fotanse, every-

spg(c, cy) is higher than a given value. Request expansion can thebody agree that all birds have two feet. But a biologist whalists

be modulated according to prototypicalities. For examaleequest
aboutBird can be expanded ®parrow PartridgeandDuck but not

bird locomotion will judge this property very important, idmost
of us will consider it of secondary importance.

to Ostrich An horizontal expansion can also be considered: given Thus, resources that we use to calculate prototypicalagignts
a concepte in a request, the request can be expanded to each comran vary within the ingroup from which the members agree ttith
ceptc’ that inherits from the same concept thanc and such that  ontology. Of course, to reach a consensus about prototitgidhe
spg(c, c5) andspg(c’, cr) are close enough. For example, a requestingroup can be reduced to people who agree about conceptiest,

aboutCatcan be expanded og, which is as representative Bb-
mestic animahsCat, but not toCrocodile Moreover, prototypicality
can be used to sort results of a expanded requ&ftcourse, results
can be graded from more to less prototypical one, accordifmu
the concept used to annotate the result is prototypical of
Information retrieval is a good application to exploit thaaional

documents representative of the domain and property weighis
can be done if we want to use the ontology enriched with pyptot
icality as consensual knowledge resource in a KBS. But tb&opr
typicality can be used to adapt the basic ontology, with igratd
that vary from a user to another. Prototypicality is thenduseper-
sonalize the ontology, and the KBS, according to persorgtitive

factor. The coefficiend is close to 0 if the user of an ontology-based elements such that instances known by the user, documentsén
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usually reads or writes, and importance he attributes tpepts in <owl:Class rdf:ID="agricultural_labour_force">
<rdfs:label xml:lang="EN" xml:lpg=0.7>farm worker</rdfs:label>

the deflnltlon Of Concepts- <rdfs:label xml:lang="EN" xml:1lpg=0.3>agricultural labour

H H H H £ </rdfs:label>

For a glven Domaln Ont0|ogy (DO)7 gradlents Of Conceptl‘ml’-l <rdfs:subClassOf rdf:resource:"#working_population_o::geag:d_isn_ ¢
cal and/or instance prototypicality are calculated frostances, cor- Agriculture” xml:spg=0.0074/>
. . </owl:Class>
pus and property weigths peculiar to a user (or to a group exfsjis
. " . . . . . <owl:Class rdf:ID="Farmer">

DO enriched with prototypicality is called Personnalizedniain <rdfs:label xml:lang="EN" xml:lpg=0.375>grower</rdfs:label>

- <rdfs:label xml:lang="EN" xml:1lpg=0.0>peasant</rdfs:label>
Ontology (PDO) and several PDO can be derived from one DO, as <rdfs:label xml:lang="EN" xml:lpg=0.0>raiser</rdfs:label>
] <rdfs:label xml:lang="EN" xml:lpg=0.625>farmer</rdfs:label>
ShOWﬂ by flgure 2' <rdfs:subClassOf rdf:ressource="#working_population_engaged_in_
agriculture" xml:spg=0.9841/>

</owl:Class>
/ context 2 !
context 1 Figure 3. Extract of an OWL file produced bydoPRAG.
uS, ighti i
catt] L)
:
S
. q & ez trieval. This project aims at improving the efficiency of aforma-
O"Sen Do i concepts H i i (
N e e L tion system dedicated to management of legal texts in theatroof
instances | | Personalization 1 pﬁ%ﬁ% environment. A first ontology of the Health, Security, Spfatd En-
vironment domain (HSE) has been built from both expert iriésvs

Figure 2. Use of prototypicality for ontology personalization. and legal texts produced by the european and french parisme
This ontology includes about 10.000 concepts structurediaitice
of depth 12 and maximum width 1500; it also includes 20 pridger
structured in a lattice of depth 3.

Supplementary resources used to calculate prototypiogdidi- To calculate the SPG gradients (which is the more interest-
ents can be get in different ways. Instances can be specifiedi-m ing gradient for this project), a corpus of 1100 legal texts e
ally by the user, or discovered in texts he supplies. Theuogan be  tract from LegiFranceviww.legifrance.gouv.frand Eur-Lex éur-
explicitly supplied by the user, or automatically built fincexternal  lex.europa.ephas been used. The average value of SPG is 0.128,
resources. For example, the corpus can be built from docispes-  30.2% of these values are not null and 3.34% are equal to 1 thet
duced by the user in Web 2.0 applications such that blogs kiswi  following distribution:

But property weigths have to be set manually by the user.

4 Experimental results

Our method is implemented inGIOPRAG (a Tool for Pragmatics in
ontology, dedicated to the automatic calculation of our gradients. The values of SPG have been validated by the experts, who are
This tool, written in Java, uses Lucérand Jend TooPrag takes as consultants in the company which funds the project. Thiggrpent
inputs (1) an ontology represented in OWL 1.0, where eaclegun  clearly indicates that our model and method is in accordavitie
and relation is associated with a set of terms defined viaringtjve the way the experts perceive prototypicality. Our gradieare cur-
rdfs:labeland (2) a corpus composed of text files. The corpus is firstently used to expand requests and to grade results of rsjnehe
indexed by Lucene. Then the ontology is loaded by Jena arBRI®  software proposed by the company.
LPG and IPG gradients are calculated.

These results are stored in an OWL file whose format extends . . ) )
the current specification of OWL 1.0. As shown in figure 3, a SPG4.2  Experiment in environment policy
value is represented by a new attribut@l:spgassociated to the . . .
rdfs:subClassOfink. For example, the SPG values of tisea links We. set-up a second experl.ment. in the context of gnwronment
between the conceptvorking populationengagedin_agriculture policy, with a group of engineering students as subjectsstFi
and its sub-conceptagricultural_labour_force and farmer are re- these 25 engineers have built (by hand_ and from S(_:r_atch) an
spectively 0.0074 and 0.9841. And a LPG value is represenyed ontolqu from various texts produced by.dlfferent frencthmI
a new attributexml:lpgassociated to thelfs:labellink. For instance, organisations about their choices concerning the domagmeifon-

the LPG values of the termggowerandpeasantused to denote the merrl]t. tAr\lb(t)Ut 15 ltexts per orgtanlsalthn \]/cvere collet(_:ted QT. Nt“m : s
conceptagricultural_labour_force, are respectively 0.375 and 0. suc ar Www.lemouvementpopulalre. www. parti-sociatiste. ir
www.fondation-nicolas-hulot.orgor www.greenpeace.org/france

] ] ] ] ) The ontology contains 130 concepts named by 350 terms, iaeghn
4.1 Experiment in environment legal intelligence in a lattice of depth 3 and maximum width 9. All the studentgeag

The first evaluation of our work is done in the context in thejgct with the hierarchy, although they do not attach the same itapoe
to each concept.

o . . ) : i
REDENE? devoted to semantic and personalized information re Then, each student has chosen 10 texts from any kind of source

8 Lucene is a high-performance, full-featured text seardjirendistributed (Ot necessarily the web sites used for building the ongdloghich
as an open-source Java liordmyp://lucene.apache.org/ ‘ he considers to be representative of his own ideas aboubamvéent
9 Jena is an open-source Java framework for building Semdreicapplica- policy. He also manually grades, for each concept of thelogypall

tions http://jena.sourceforge.net/ . . .
10 REDENE is funded by Tennaxia, a company which offers serViceltssub-concepts, according to the representativenesbafancepts.

and software for legal intelligence in the domain of enviremt,  Finally, the SPG gradients are calculated for each stutbgniising
www.tennaxia.com their personal corpus of 10 texts. In 89% of the cases, thwilzaed




sub-concept| SPG | human judgment]
Energy 0.93 1st
Water 0.41 2nd
Money 0.01 3rd
Material 0.03 4th

Table 1. SPG and order given by a student for the coné&gtource

prototypical order and the manually set order clearly ddiagcf.
figure 1 for an example).

occurences, according to they appears in a title, an absirather
kind of text element.

The main applications we have studied concern informatéen r
trieval. Prototypicality can be used to extend requestgrade and
filter results. Calculating prototypicality gradients figpeculiar re-
sources of each user allows us to personalize the ontolodtren
system that exploits it. The experiments presented in thisep
clearly demonstrate that our gradients are close to expernan-
expert human judgements.

But prototypicality can also be applied to ontology engirege
for ontology validation or evolution. A very low prototyility value

This experiment confirms the relevance of our model with non-between two concepts could indicate thatitizdink between them is

experts. However, our approach is more efficient when thpusor
used to calculate the gradients is close to the concepitialisof
the user; for instance, using texts directly written by tinel @iser
such that blogs or emails is a relevant way. Morevover, clamgig
instances and properties when calculating the extensanthinten-
sional components of the gradients also improve the results
This experiment also underlines that the use of prototyipjcid

personalize a domain ontology seems justified, becauseagmeng
a little group of person (25 students were involved in thesgixpent),

not correct, or that a third concept should be inserted. (aing the
gradients between two concepts whose one inherits from ttrer o
whithout beeing one of its direct sub-concepts is also passif
the obtained value is high, it means that the child concepalshbe
placed higher in the hierarchy.

Prototypicality can also be calculated between two corsctyt
are not linked by asalink. The intensional component is the same,
but extensional and expressional components of the griadiest be
modified. Using this extension of our method for ontologyidation

the SPG gradients vary from a student to another and can le us&ould reveal missingsa links in ontology. Generally speaking, the

to clearly personalize the ontology and adapt informatiemieval.
However, we should experiment prototypicality-based @eatiza-
tion in the context of a more consensual knowledge domaintH®
purpose, we plan to lead the same experiment with the expérts
legal intelligence.

5 Conclusion

The main objective of our work is to introduce prototypitain the
current ontology models, in order to refine knowledge deson.
Prototypicality is used to weigtisa links between concepts but also
links between concepts and terms that name them, and betwaen
cepts and their instances. We propose a method to calchlede 8
kinds of prototypicality. This method is based on the usehoée¢
kinds of resource: the ontology for which the prototypigalialues
are calculated, a corpus and a set of instances. The methabidl is
applicable if only one of these resources is available.

Prototypicality has already been studied in Ontology Eeeiing.
In particular, [1] proposes to calculate prototypicaliglues only
from properties of concepts. But the weights they use arayftruth
values. This approach is not coherent with the formal seicganh-
derlying an ontology, where all the properties of a conceetfally
shared by all the instances of the concept. The weights wgopeo
to use express the importance of the properties in the codedipi-
tion. This approach respects the formal semantics and ie oabver-
ent with the prototypicality notion. Moreover, to calc@ddhe inten-
sional component of our gradients, we extend the methodogeip
by [1] by considering the properties of all the concepts bgiog to
the descendance of the considered concept, and not onby dfitise
direct sub-concepts. Our approach is closer to cognitivegss.

The calculation of the expressional component of our gradies
quite similar to the Resnik’'s semantic measure which udesrira-
tion content [9]. But Resnik considers the corpus as a whdiereas
we propose to exploit the granularity of the corpus by takimgnum-

ber of documents where a given term appears into accountldte a

consider that a concept is more present in the corpus if the tteat

prototypicality gradients represent a semantic measuofepts
parentage within an ontology. We work on the definition oftsac
measure which combines the semiotic approach and our médel o
prototypicality.
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