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1 Introduction

Currently, a lot of Information Systems exploit ontologieswhich are
defined as conceptual representations of knowledge relatedto a given
field and are built according to a consensus shared by the members of
an ingroup. Classically, an ontology is composed of orderedsets of
concepts and properties. However, this model loses a part ofknowl-
edge the members of the ingroup have on the domain. In particu-
lar, it does not specify how a concept is representative of its upper
concept. Nevertheless, this notion, calledprototypicalityin cognitive
psychology, plays a major role in the construction of any conceptual
categorization[4]. We propose to introduce this notion in ontology
engineering to complete the classical models.

2 Introducing prototypicality in ontology design

We introduce the prototypicality by weighting the different kinds of
links in the ontology. These weights form numerical gradients which
express three kinds of prototypicality:

• Semiotic-Based Conceptual Prototypicality Gradient(SPG)
defined on isa links between two concepts: two concepts, so that
one inherits from the other, can be more or less close together.
More precisely, in a sibship of concepts, some of them are more
prototypical of their father than the others. For example, among
all plane types, the most representative in our mind of theplane
concept is rather a modern and commercial plane, and not the first
biplane or a plane propeled by muscular strength.

• Lexical Prototypicality Gradient (LPG) defined on links be-
tween a concept (or property) and each term that expresses the
concept (or property): for a given concept (or a property) with
several terms used to name it, some terms are most often used
than the others. For example,plane is rather used thanaeroplane
or heavier-than-air.

• Instance Prototypicality Gradient (IPG) defined on links be-
tween a concept and each instance of the concept: among the in-
stances of a given concept, some instances are more representa-
tive than the others. For example, when thinking to the concept of
plane-which-flew-over-the-Atlantic, we think rather to theSpirit-
of-St.-Louisthan to the current planes that fly across the Atlantic.

From a semiotic point of view [3], SPG is composed of three com-
ponents: (1) anintensional component, based on the comparison
between the concept intensions (i.e the properties of concepts), (2) an
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extensional component, based on the comparison between concept
instances and (3) anexpressional component, based on the com-
parison between the concept terms which appear in a corpus. The
computation of the three components is bsaed on specific require-
ments: (i) a set of concept instances, which must be representative
of the cognitive universe of the ingroup, (ii) a corpus of documents
representative of the cognitive universe of the ingroup.

Moreover, the intensional component can be refined by weight-
ing links between properties and concepts: these weights express,for
each concept and each property, the weights quantify the degree of
significance of the property. They are currently specified manually.
For each property, all the associated concepts have to be ordered on
the interval [0,1]. For example, for the propertyhas author, the con-
cept Scientific articlewill be placed first (close to 1), the concept
Press articlewill be placed after (because to have an author is less
important for this concept) and the conceptInstructions leafletwill
be placed close to 0. Obviously in real life applications, all these
resources are not necessarily available. However, our approach pro-
totypicalities remains valid even for limited resources.

Figure 1. The semiotic triangle with coefficients.γ/α close to 0 means
that the conceptualization of the domain is more intensional than

expressional; this ratio close to∞means the opposite and this ratio equal to
1 means that the conceptualization is as intensional as expressional.

Moreover, our model allows to modulate the influence of each
component of the SPG, in order to take the domination of the inten-
sional, extensional and/or expressional aspects in the conceptualisa-
tion of the domain into account. These dominations are conditioned
by the domain, the ingroup and the applicative context. For exam-
ple, in the field of mathematics, the intensional aspect prevails. In
the domain of biological species, a biologist builds its conceptuali-
sation on biological properties (the intensional aspect prevails), but
most of people usually use extensional conceptualisations, based on
the animals encountered during their lifes.α, β andγ are positive
coefficients which weight each component of the SPG. To normal-
ize the values, we impose the SPG and each of its component to be
between 0 (minimum representativeness) and 1 (maximum represen-
tativeness), andα + β + γ = 1. The values of these 3 coefficients



can be set arbitrarily or experimentally; we also provide a method
to set them automatically, by calculating average ratio between in-
stances and concepts in the corpus and average ratio betweennumber
of properties and number of instances of concept.

Works in cognitive psychology show that the emotional stateof
a person influences his perception of categories: the more a person
is stressed, the more his mind is concentrated on objects cognitively
close to those he is directly concerned by[2]. For that reason, we
introduce anemotional factor, represented by a coefficientδ, that
can vary from 0 to 1, for an open state of mind, and from 1 to∞, for
a closed state of mind. SPG, LPG and IPG are powered by1/δ, in
order to modulate the gradients according to a state of mind:for an
open state of mind, weak values of prototypicality are increasing and
for a closed state of mind, they are decreasing.

2.1 Intensional component

The intensional component of the SPG measures the representativ-
ity of a conceptc for its fathercf by comparing properties of the
two concepts. Like in [1], concepts are represented by vectors in the
vectorial space of properties. But comparing with Au Leng and Leng
our vector coordinates are not fuzzy truth values but valueswhich
estimate the significance of the properties in the concept definitions.
The prototype of the upper conceptcf is calculated as a vector

→

pcf
,

and the intensional prototypicality betweenc andcf is the euclidian
distance between

→

pcf
and

→

vc, the vector that representsc. The pro-
totype of a conceptcf has been introduced in [1] as the average of
the vectors associated to the children ofcf . But [1] only considers
the concepts which directly inherit fromcf , whereas we extend the
calculation to all the descendants ofcf , because properties wich ap-
pear only in a indirect descendant ofcf can nevertheless appear in
the prototype ofcf . For example, to wear a white coat is not a prop-
erty of the conceptResearcher, but the prototype ofResearchercan
have this property.

2.2 Extensional component

The extensional component of the SPG measures the representativity
of a conceptc for its fathercf by comparing the sets of instances
of the two concepts. The more instances ofcf are instances ofc,
the morec is prototypical ofcf . For example, someone who owns
a dozen of cats considers a cat more prototypical with respect to the
conceptsAnimalthan someone who owns a goldfish. Calculating this
component supposes that instances are fixed in the ontology.We use
a logarithmic function in order to obtain a behavior of the extensional
component close to human evaluation (prototypicalities ofconcepts
with very few instances are not too close to 0).

2.3 Expressional component

The expressional component of the SPG measures the representativ-
ity of a conceptc for its fathercf by comparing the way they are
expressed. Morec is expressed, more it is representative ofcf . A
first estimation of the expressional prototypicality ofc is based on
the number of terms: morec has terms, more the place thatc occu-
pies in the cognitive universe of the ingroup is wide. For example,
the conceptHorse, that has a lot of synonyms (e.g. cob, nag, gee-gee
or jade) is more prototypical of the conceptAnimal than the concept
Raccoonthat has only one term. If a corpus considered as represen-
tative of the domain is available, it can be used to refine thisfirst
estimation: the more the terms ofc or its descendants are present

in the corpus, the morec is expressed in the cognitive universe of
the ingroup, and the morec is prototypical ofcf . The occurences
of terms are weighted according to the structures of the documents.
For example, an occurence that appear in a title or in a keyword list
counts more than an occurence that appears in a paragraph. Wealso
take into account the distribution of occurences between documents,
because a term that appears often but in few documents shouldhave
smaller weight than one which appears not very often but in most
documents.

3 Applications of prototypicality

Prototypicality can be used forontology validation and ontology
evolution. If some values of SPG are very low, the correspondingisa
links should be considered as inadequate.

Prototypicality seems to be useful forontology-based informa-
tion retrieval . In particular, request can be expanded straight down
to representative concepts. For example, a request aboutBird can be
expanded toSparrow, Partridge and Duck, but not toOstrich. An
horizontal expansion can also be considered. For example, arequest
aboutCatcan be expanded toDog, which is as representative ofDo-
mestic animalasCat, but not expanded toCrocodile. Moreover, pro-
totypicality can be used to sort results of a expanded request from
high to low prototypicality.

Prototypicality can also be used forontology personalization.
Even if an ontology is a shared conceptualisation within an ingroup,
the instances of concepts are not necessarily the same for all the in-
group members. For example, in the case of an ontology about trad-
ing activity, two marketing men can agree with the concepts in the
ontology, but not with the instances: they do not meet the same cus-
tomers, they do not sell the same goods and so on. In a similar idea,
documents representative of the knowledge of the ingroup mem-
bers on the domain may be different at the individual scale. Then,
for a given Domain Ontology (DO), gradients of conceptual, lexical
and/or instance prototypicality are calculated from instances, corpus
and property weigths peculiar to a user (or to a group of users). DO
enriched with prototypicality is called Personnalized Domain Ontol-
ogy (PDO) and several PDO can be derived from one DO.

Our method is implemented in TOOPRAG (a Tool for Pragmat-
ics in ontology), and is applied in REDENE, a project funded by
Tennaxia, a company which a compagny which develops services
and software for legal intelligence in the domain of environment
(www.tennaxia.com). Our approach has been experimentally tested
on two real-life situations main experiments: an experiment with a
wide ontology developped for REDENE (10000 concepts) and 1100
french and european legal texts, and an experiment with the Eurovoc
thesaurus. Prototypicalities calculated with our method have been
validated by experts of the considered domains.
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