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ABSTRACT

In this article, we present a method which aims at using
ontologies to perform different types of reasoning. This
method, called operationalization, proposes to automatically
adapt the representation of the axioms to the type of reason-
ing the KBS in which the ontology is integrated is dedicated
to. This process is based on the description of the oper-
ational goal of the KBS through a scenario of use. So, we
argue for the distinction between the problems of knowledge
representation in ontologies, that are built at the conceptual
level, and the problems related to reasoning with ontolo-
gies, that occur at the operational level. Moreover, because
reasoning on the Web requires to reason both on domain
knowledge and on ontologies, for instance for evaluation or
alignment purposes, we propose an extension of the opera-
tionalization method that permits to reason on ontology by
operationalizing a meta-representation of the language used
to represent ontologies. The language we use, called OCGL,
is based on the Conceptual Graphs model and a tool, called
TooCoM, implements this language and the operationaliza-
tion method.
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1. INTRODUCTION

Currently, ontologies are as the heart of many important
Information Technology issues because they enable reason-
ing on domain assertions. For instance, in the context of
the Semantic Web, ontologies are principally used to rep-
resent the content of web resources in order to facilitate
concept-based Information Retrieval. But providing online
ontology-based services to the end-users implies that the
online services are able to test the available ontologies, to
compare, align and merge them, and use them in an opera-
tional way in order to provide reasoning capabilities. Thus,
Copyright is held by the author/owner(s).

WWW2006, May 22—-26, 2006, Edinburgh, UK.

Francky Trichet
Laboratoire d’'Informatique de Nantes Atlantique
2 rue de la Houssiniere - BP 92208
44322 Nantes - France

francky.trichet@univ-nantes.fr

to reason on the Web, we need ontologies to represent knowl-
edge included in the online resources, for reasoning on the
resources, but we also need applications that must be able to
reason on the ontologies themself. In other words, domain
ontologies are not used as a reference system to perform rea-
sonings on a fact base, but they are the objects on which
the reasonings are performed. This approach requires the
possibility to represent a domain ontology in a similar way
as a knowledge base, i.e. a set of assertions which are de-
fined according to a particular ontology O and on which
can be applied reasoning mechanisms (based on rules and
constraints of O) for deducing news assertions.

Moreover, reasoning on the Web requires the representa-
tion of axiomatic knowledge, that is not only terminological
knowledge, but all the semantics of a knowledge domain: the
description of a domain through concepts and relations be-
tween these concepts must be enriched by properties, such as
subsomption, that express their semantics. The OWL prop-
erties correspond to this axiomatic level, but the need of a
larger expressivity is now underlined. The wedding between
the World Wide Web and Knowledge Engineering can only
be celebrated when the « wedding cake » dreamed up by
T. Berners-Lee will be completely build [3]. In this context,
the question of the representation and the use of axiomatic
knowledge is at the heart of most of the recent works on the
Semantic Web.

In this article, we focus on the problematics of the oper-
ational use of axiomatic knowledge, that is the way prop-
erties expressed in ontologies can be used to reason. Be-
cause the need of very expressive ontology representation
languages, we consider heavyweight ontologies, that include
both well-none properties such as OWL properties, and gen-
eral axioms, expressed as couples (antecedent,consequent).
We propose an unified model for operationalizing ontologies
that can be applied both to reasoning on domain assertions
and on ontologies themself. In our method, the operational-
ization of an ontology relies on the specification of an opera-
tional goal, that describes the way the axiomatic knowledge
of the ontology will be used to reason. The operational
form of the ontology is then automatically generated, as a
set of rules and/or constraints that can be directly used
by an inference engine. The same mechanism is used to
operationalize a meta-representation of the ontology repre-
sentation language, to produce an operational form of this
meta-representation that allows to reason on every ontology
expressed in the language.



The language we use in our work, called OCGL (Ontology
Conceptual Graph Language), is based on the Conceptual
Graph model and permits to represent both terminological
and axiomatic knowledge, with classical properties like sub-
somption or algebraic properties but with also general ax-
ioms for representing properties that can not be expressed
as classical ones. Ontologies in OCGL are represented in a
graphical way, including axioms, and the Conceptual Graph
model provides reasoning mechanisms based on graph ho-
momorphism that are used for reasoning both on domain
knowledge and ontologies. OCGL, and the operationaliza-
tion mechanisms, are implemented in a tool called TooCoM
(a Tool to Operationalize an Ontology with the Conceptual
Graphs Model) available on the Web at hitp://sourceforge.
net/projects/toocom/.

The rest of this paper is structured as follows. Section
2 presents the OCGL language and the way the axiomatic
knowledge is represented in this model. Section 3 first intro-
duces the process we advocate to operationalize an ontology
and then shows the application of this process in the con-
text of the Conceptual Graphs model. Finally, section 4
presents the application of the operationalization to a meta-
representation of OCGL in order to reason on the ontologies
expressed in OCGL.

2. ONTOLOGY CONCEPTUAL GRAPH
LANGUAGE

The OCGL modeling language (Ontology Conceptual Graphs

Language [6]) we advocate for specifying an ontology (at the
conceptual level) is based on the Conceptual Graph model
and its extensions [1]. Representing an ontology in OCGL
mainly consists in (1) specifying the conceptual vocabulary
of the domain and (2) specifying the semantics of this con-
ceptual vocabulary through axioms [12].

The conceptual vocabulary consists of a set of Concepts
(cf. figure 1), a set of Relations (cf. figure 2) and a set of
ontological instances of concepts. An ontological instance of
a concept is an instance required to express the semantics
of the domain. For example, in the domain of mathematics,
m is an ontological instance of the concept Number, because
the expression of many axioms of this domain requires this
instance. However, 3.54 is not an ontological instance. The
sets of concepts and relations can be structured by using
both well-known conceptual properties, called Schemata
Axioms, and Domain Axioms. Schemata axioms are re-
lated to one or two conceptual primitives (concepts or rela-
tions), so they are represented in the primitive hierarchies,
by symbols that complete the trees, as presented in figures 1
and 2.

The Schemata Axioms proposed in OCGL are:

1. the ISA link (subsomption property) between two con-
cepts or two relations used to construct concept /relation
taxonomies (tree or lattice);

2. the Abstraction of a concept, which corresponds to an
Ezhaustive-Decomposition in some works [9];

3. the Disjointness of two concepts. Note that it is pos-
sible to define a Partition [9] by using the abstrac-
tion and the disjointness. For instance, the decompo-
sition of Number into (0ddNumber and EvenNumber) is
a partition because Number is an abstract concept and
0ddNumber and EvenNumber are disjoint;
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Figure 1: Representation of a concept hierarchy in
OCGL. An arrow represents a subsomption link be-
tween a concept and one of its parents, a concept
without surround is abstract, the crossed circles rep-
resent disjointness of concepts.

4. the Signature of a relation;

5. the Algebraic properties of a relation (symmetry, re-
flexivity, transitivity, irreflexivity, antisymmetry);

6. the Ezclusivity or the Incompatibility between two re-
lations. The incompatibility between two relations Ry
and Ry is formalized by —(R1 A Rz), the exclusivity
is formalized by -R1 = R2. Incompatibility between
relations is similar to disjointness of concepts;

7. the Cardinalities (Minimale and Maximale) of a rela-
tion®.
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Figure 2: Representation of a relation hierarchy in
OCGL. A crossed circle represents an incompatibil-
ity (or exclusivity) between two relations, algebraic
properties and cardinalities of a relation are indi-
cated by symbols above the name of the relation (S
for symmetry, T for transitivity, C4+ and C- for the
cardinalities, etc.).

Domain Axioms differ from Schemata Axioms in the
sense that they are totally specific to the domain whereas

!Note that we consider cardinalities of n-ary relations, that
can be specified for any of the concepts of the relation sig-
nature, as OWL only allows binary relations.



Schemata Axioms represent classical properties of concepts
or relations. The OCGL graphical syntax used to express
such a Domain Axiom is based on the Conceptual Graphs
model. Thus, a Domain Axiom is composed of an Antecedent
part and a Consequent part, with a formal semantics that
intuitively corresponds to: if the Antecedent part is true,
then the Consequent part is true. Figure 3 shows the OCGL
graph representing the axiom “The enemy of my friend is
my enemy” related to OntoFamily, a simple ontology ded-
icated to family relationships. Note that this axiom is a
real Domain Axiom because it cannot be represented by us-
ing classical properties, in comparison with the axiom " The
friend of my friend is my friend" which is represented by the
transitivity of the relation called Friend(Human,Human), that
is a Schemata Axiom of OCGL.

OCGL has been implemented in a tool called TooCoM
(a Tool to Operationalize an Ontology with the Conceptual
Graph Model)> Thanks to this tool, it is possible to define
the conceptual primitives (concepts and relations) and to
specify the Schemata Axioms and the Domain Axioms in a
graphical way.
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Figure 3: Representation in OCGL of the axiom “The
enemy of my friend is my enemy”. The bright nodes rep-
resent the antecedent part, the dark ones the con-
sequent part. The logical expression of the graph is
automatically generated.

Note that TooCoM also allows the user to import ontolo-
gies expressed in OWL, by using the OWL API|[2]. Classes
in OWL correspond to Concepts in OCGL, and binary re-
lations of OWL correspond to binary relations in OCGL.
Properties of classes and relations in OWL are translated
into axiom schemata in OCGL, but some properties are
not now translated, because of the difference of expressiv-
ity of the two languages. For instance, the allValuesFrom,
someValuesFrom and hasValue properties in OWL are not
tranlated in OCGL. Conversely, the axioms of OCGL can
not be translated in OWL as long as OWL does not of-
fer capability of rule-like axioms representation. But the
extension of OCGL is planned, in order to get closer the
expressivities of the two languages.

3. REASONING ON DOMAIN WITH ON-
TOLOGIES

TooCom is dedicated to the edition and the op-
erationalization (cf. section 3) of domain ontolo-
gies [5]. It is available under GNU GPL license at
http://sourceforge.net/projects/toocom/.

Most of the current ontologies are lightweight ontologies,
that only integrate terminological knowledge and a few prop-
erties used to structure it, in particular subsomption prop-
erties. To reason on the Web, ontologies have to capture the
whole knowledge of a domain, and to evolve from lightweight
ontologies to heavyweight ontologies, that include all axioms
that are needed to represent the semantics of the domain.
The RuleML initiative [4] and the SWRL initiative [11] are
based on the statement that the representation of heavy-
weight ontologies requires the use of rule-like expressions,
that we call axioms.

But, for keeping the independence of an ontology from the
applications where it is used, in order to ensure its portabil-
ity and reutilisability, the representation of the axioms must
only precise their formal semantics, which constraint the in-
terpretation of the conceptual primitives, without forcing
their operational semantics, which fix the way the axioms
are used in an application to reason [6]. For instance, the
symmetry property of a binary relation has a well-known
semantics. But this property can be used in different ways
to reason, according to the operational goal of the system
in which the property is used: for instance to produce new
knowledge by deducing, from the existence of such a rela-
tion, the existence of a new one; or to check a fact, to verify
that if such a relation exist, the symmetric property also
exists.

So, to be used for reasoning on the Web, an (heavyweight)
ontology has to be thrown into the operational level, that
is the formal semantics specified by the axioms has to be
completed by the specification of an operational semantics
which describes the way the axioms are implemented to rea-
son. First, the formalism of such an operational ontology
must be operational, that is it must provides operational
mechanisms allowing the KBS to manipulate the represen-
tations for reasoning purposes. Secondly, the representation
of the ontology in this operational formalism must be in
accordance with the types of reasonings the system is dedi-
cated to. So, the operationalization of an ontology consists,
on the one hand, in choosing the operational representation
language which offers manipulation mechanisms compatible
with the considered operational goal and, on the other hand,
in adapting the representation of the ontology to this goal
by specifying the operational semantics of the knowledge ex-
pressed at the conceptual level. This operational semantics
is determinated by the considered application, whereas the
formal semantics depends on the considered domain (and
of course on the formal semantics in which the ontology is
written). Thus, as shown in figure 4, an ontology can be
used to produce several operational ontologies for different
kind of reasoning.

3.1 Operationalization: basic fundations

To adapt an ontology to an operational goal, we propose to
specify this goal through a scenario of use, that describes
the operational semantics of the ontology. A scenario of use
specifies the way the knowledge specified in the ontology
will be used. It essentially describes what the domain ax-
ioms (and schemata axioms) will be used for. Because the
representation of terminological knowledge of the domain
does not depend on the many possible application contexts,
the representation of a concept or a relation will be the same
for a system dedicated to knowledge validation or a system
dedicated to knowledge production. Then, only operational
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Figure 4: Operationalization process: an overview.
The same ontology can lead to several operational
ontologies appropriated to different KBS.

representations of axioms have to be adapted to the goal of
the considered application®.

Generally speaking, knowledge is used to produce new
knowledge or to validate existing knowledge. The knowledge
manipulation can also be done automatically by the system
or it can be driven by the user. So, to specify a scenario of
use, we propose to consider two criteria:

e the inferential or validation use of the knowledge
expressed in the ontology. For example, the axiom
“the enemy of my enemy is my friend” can be used to
produce knowledge (i.e. to deduce, when there exists
an enemy of one of my enemies, that he is my friend)
or to check assertions (i.e. to check that any enemy of
one of my enemies is my enemy).

e the implicit (i.e. automatic) or explicit (i.e. driven
by the user) use of the knowledge expressed in the on-
tology. The previous axiom can be used to automati-
cally complete or check a knowledge base, without the
user asking for this. But the user can also be forced to
apply the axiom, for instance for educational purpose,
what implies that the axiom is only managed by the
user.

The combination of this two criteria produces four pos-
sible scenarios of use: the inferential and implicit one, the
inferential and explicit one, the validation and implicit one
and the validation and explicit one. Two particular cases of
scenario of use can be distinguished: the pure validation sce-
nario, where all the axioms are only used to validate a knowl-
edge base according to the semantics of the domain, and the
inferential and implicit scenario where the axioms are auto-
matically used to produce new facts, without user interven-
tion. In the last case, which is those of expert systems, the
automatic inferences are supposed to produce knowledge in

30f course, using different conceptual paradigms to rep-
resent the ontology and the operational ontologies (for
instance the Frame paradigm and the Entity/Relation
paradigm) requires in addition a modification of the rep-
resentation of the terminological knowledge. In TooCoM,
only the Entity/Relation paradigm is used.

accordance with the semantics of the domain and no valida-
tion is required. The most common scenarii combine infer-
ential and validation uses of axioms. For instance, a scenario
dedicated to a computer-aided teaching application allows
the user to apply knowledge to deduce new facts and also to
check his work. Such a scenario comprises automatic infer-
ences and validation processes, in accordance with the level
of the user. So, in these mixed scenarii, the knowledge en-
gineer must specify for each axiom the way it will be use in
the KBS. We call this specification the context of use of
an axiom®.
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Figure 5: Operationalization process: in details.
Each combination of contexts of use produces an
operational ontology different from the others.

The scenario of use of an ontology is then composed of
all the contexts of use of the domain axioms (and schemata
axioms) of the ontology (cf. figure 5). The contexts of use
we propose are those which correspond to the combination
of the criteria previously given®:

e The inferential and explicit context of use: the user
applies the axiom by himself on a fact base to produce
new facts;

e The inferential and implicit context of use: the
axiom is automatically applied by the system on a fact
base to produce new facts;

e The validation and implicit context of use: the ax-
iom is applied by the system to verify that a fact base
is in accordance with the semantics of a domain.

For the schemata axioms, the same context of use can
be specified for all the axioms that correspond to a given
schema. For example, the user can choose an inferential
and implicit context of use for all the axioms that express
a symmetry relationship, in order to automatically produce
symmetric relations.

4Note that “deduction vs validation” and “implicit vs ex-
plicit” contexts of use are fine-grained examples of knowl-
edge uses. At a more general level of granularity, a scenario
of use can specify the reasoning mechanism used (deduction,
abduction, induction), or the general goal of the application
(e.g. teaching system or corporate memory management).
®We do not consider the validation and explicit context
of use, because allowing this context for an axiom does not
ensure that the knowledge base is in conformity with to the
semantics expressed by this axiom since the user can choose
to not check the base with this axiom.
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When the scenario of use is specified for an ontology and
an application that exploits this ontology, the correspond-
ing operational ontology must be produced in the choosen
operational language. For instance, we have define rules
for operationalizing ontologies expressed in OCGL into the
Conceptual Graphs model. This model offers rules and con-
straints that enable the representation of axiomatic knowl-
edge at the operational level. Both positive and negative
constraints are available: the semantics of a positive con-
straint is if the hypothesis part of the constraint is present,
then the conclusion part must be present; the semantics of
a negative constraint is if the hypothesis part of the con-
straint is present, then the conclusion part must be absent.
So, given an domain axiom or a schema axiom of an on-
tology expressed in OCGL and the context of use of the
axiom, the operationalization of the axiom produces a set
of rules and/or constraint, explicit or implicit, according to
operationalization rules that are summarized in figure 6.
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Domain Ontology, Ontology of Representation and
KBS.

4. REASONING DOMAIN ONTOLOGIES AT
THE META-LEVEL

4.1 Operationalization at the meta-level

Since domain ontologies are conceptual representations of
a domain, their operationalization produces operational on-
tologies that enable reasoning on domain facts. In the same
way, reasoning on ontologies themself can be done by oper-

ationalizing the representation ontology on which they are
based, i.e. a meta-ontology. More precisely, if we consider
ontologies expressed in the OCGL language (for example),
operationalizing the ontology of the OCGL language pro-
duces operational ontologies that permit to reason about
the first ontologies.

To test this idea, we have built the ontology of OCGL,
called MetaOCGL, which represents knowledge about the
OCGL language, the primitives of the language, and their se-
mantics expressed through axioms. MetaOCGL is an ontol-
ogy of the OCGL language, expressed in OCGL and can then
be considered as an ontology at the meta-level [9]. As shown
in figure 8, MetaOCGL includes all the concepts of OCGL
and their relations (isa relation, exclusivity /incompatibility
between relations, disjointness of concepts, links between re-
lations and concepts in a graph that expresses an axiom).
MetaOCGL also includes schemata axioms and domain ax-
ioms which express the formal semantics of OCGL.

A domain ontology can then be represented as a MetaOCGL
instance (i.e. a MetaOCGL graph), as domain facts can be
represented by OCGL graphs. The MetaOCGL graph that
represents an ontology contains a part which is dedicated
to the representation of the concept hierarchy (including
schemata axioms), a part which is dedicated to the represen-
tation of the relation hierarchy (including schemata axioms),
and as many part as axioms in the ontology. For instance,
figure 9 shows the MetaOCGL graphs dedicated to the rep-
resentation of the two axioms “the ememy of my enemy is
my friend” and “the enemy of my friend is my friend”, and
their corresponding meta-graphs in MetaOCGL.

Figure 7 shows the interactions that exist between Domain
Ontology, Ontology of Representation and KBS. It also un-
derlines the three main activities related to the integration
of ontologies into KBS: Modelling, Operationalization and
Representation. At the domain level, an ontology (called
Domain Ontology in figure 7) of a particular domain (called
Domain in the figure) is built via a modelling process. Rea-
soning about facts on this domain in a KBS is allowed by
operationalizing the ontology according to a particular sce-
nario of use which describes the way the axiomatic part of
the ontology is used in the KBS. Then, the generated opera-
tional ontology can be used to reason about facts which are
representations of instances of the domain. To sum-up, the
modelling of a domain leads to a domain ontology including
Concepts, Relations and Azioms (both axiom schemata and
domain axioms). The Operationalization of a domain ontol-
ogy leads to the development of the ontological level of a
KBS, including Terminological Knowledge (concepts and re-
lations) and Reasoning Knowledge, i.e. rules and constraints
corresponding to the operational forms of the axioms in the
context of use which has been choosen. Finally, the Rep-
resentation of a domain leads to the construction of the
Assertional Level of the KBS, i.e. facts which are defined
according to the Terminological Knowledge, and which are
manipulated by the Reasoning Knowledge.

This three-step process (Modelling, Operationalization, Rep-
resentation) can also be applied at the meta-level (cf. figure
7). The Ontology of Representation modelizes the language
used to express the Domain Ontology. This ontology of rep-
resentation is also expressed with the considered language.
It can be operationalized in a KBS, and the generated op-
erational ontology enables reasoning on the Domain Ontol-
ogy. In this KBS defined at the meta-level, a fact is the
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Figure 8: Concepts, relations and some of the ax-
ioms of MetaOCGL.

representation of a particular domain ontology, for example
a graph in MetaOCGL which represents an ontology ex-
pressed in OCGL. Because the ontology of representation is
a meta-representation, modelizing this ontology in the same
language produces the same ontology of representation. But
this ontology can be represented as a fact in a KBS which
implements an operational version of it, in order to reason
on the ontology of representation itself.

Operationalizing MetaOCGL consists in choosing the way
the axioms will be used to reason about an ontology ex-
pressed in OCGL. To complete an ontology expressed in
OCGL, by automatically adding subsomption links, or by
propagating inherited properties, for example, MetaOCGL
have to be operationalized in an inferential scenario of use.
To validate an ontology according to the OCGL formal se-
mantics, MetaOCGL have to be operationalized in a valida-
tion scenario of use.

4.2 Operationalization of MetaOCGL.: an ap-
plication to ontology evaluation

In order to use the MetaOCGL ontology for ontology eval-
uation (which includes verification, validation and assess-
ment activities [9]), it is necessary to operationalize it in a
validation and implicit scenario of use, ¢.e. all the axioms
of MetaOCGL are used to validate a fact base which cor-
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Figure 9: Two axioms represented in MetaOCGL
“The enemy of my friend is my enemy” and “The enemy of
my enemy is my friend” . The type_identity links denote
that the nodes are of the same type in the axiom.
The two graphs are the same without considering
type identity links, but they differ when consider-
ing these links, because relations in the hypothesis
part of the axiom at the top have the same type
(enemy), but not those of the axiom at the bottom
(enemy and friend).

responds to the meta-representation of a domain ontology.
In the example of the figure 10, the fact base is the graph
which represents an extract of the OntoFamily O;. An er-
ror has been voluntarily introduced in the signature of the
“aunt(Woman, Universal)” binary relation: this relation is a
sub-relation of the “relation_ involving_a_ Man(Woman,Hu-
man)” relation. So, the signature of “aunt” is not in confor-
mity with those of “relation_involving_a_Man”. The ap-
plication of the signature conformity axiom (cf. figure 8), in
a validation context of use, reveals the problem: the dark
part of the graph is those which corresponds to the breaking
of the axiom.

Note that our approach allows the knowledge engineer
to explicitly define, through the definition of axioms at the
meta-level, the criteria used to evaluate the content of on-
tologies in terms of consistency, completeness and concise-
ness. This declarative definition of criteria at the conceptual
level increases both the portability and the modularity of the
evaluation criteria, which, in most of the similar works, are
directly hard-coded in the tools.
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Figure 10: Operationalization of MetaOCGL for on-
tology verification.

4.3 Operationalization of MetaOCGL: an ap-
plication to ontology matching

The objective of ontology matching is to discover and eval-
uate identity links between conceptual primitives (concepts
and relations) of two given ontologies supposed to be built
on connected domains. Our approach relies on the use of
the axiomatic level of the ontologies to discover semantic
analogies between primitives, in order to reveal identities
between them and to calculate the similarity coefficient of
these identities, ¢.e. a coefficient that indicates how closely
two concepts or relations are related. The comparison of
axioms is based on their representation at the meta-level, in
order to preserve their formal semantics but to erase their
syntactical differences, while existing matching algorithms
are essentially based on syntactical comparison [10].

Our algorithm takes as input two ontologies O; and Oz
(represented in OCGL) and provides as output potential
similarities between two concepts or two relations: the re-
sult is a set of matchings (P;, P;,C), where P; and P; are
respectively conceptual primitives (concepts and relations)
of O1 and O, and C the similarity coefficient between P;
and P;. Both axiom schemata and domain axioms are used
to evaluate or discover primitive matchings. Of course, the
weight of each OCGL property is used to modulate its in-
fluence on the evaluation of the matching.

As introduced in figure 9, domain axioms are represented
in MetaOCGL, in order to compare their structures inde-
pendently of the labels that appear in their nodes. For
each axiom couple (a1,az), where a1 € O; and az € Oa,
the representations of a; and az in MetaOCGL, meta(a1)
and meta(az), are built. These representations can be en-
riched by adding information about the nodes: for instance,
in figure 9, the two relations enemy of the axiom in OCGL
are represented in MetaOCGL by the two concepts An-
tecedent_ R which are linked by the meta-relation called
type_ identity.

Two types of topological equivalence are then considered:
the equivalence, that occurs when projections (in the con-
text of the CG model) exist from meta(a1) to meta(az)
and from meta(az) to meta(ai), without considering the
type identity relations, and the typed equivalence that
occurs when the two projections exist with the type identity

relations. Of course, the weight of a typed equivalence is
higher than those of an equivalence. A typed equivalence
(resp. equivalence) between two axioms increases the coef-
ficient of nodes linked by projection by the weight of the
axiom typed equivalence (resp. equivalence). For exam-
ple, the two axioms of figure 9 are equivalent because two
projections exist between their meta-graphs without con-
sidering the type-identity relations. When considering the
type-identity relations, there exists no projection, so they
are not typed equivalent.

We have applied these principles to the matching of two
ontologies related to the family domain [8, 7]. This exper-
iment has shown the relevance of the comparison of two
ontologies at the meta-level, even if the algorithm has to be
improved, in particular by taking the subsomption links into
account.

5. CONCLUSION

In this article, we have presented a method which aims
at using ontologies to perform different types of reasoning.
This method proposes to automatically adapt the represen-
tation of the axioms to the type of reasoning the KBS in
which the ontology is integrated is dedicated to. This op-
erationalization of ontology, based on the description of the
operational goal of the KBS through a scenario of use, can
also be applied for reasoning on the ontologies themself, by
operationalizing an ontology of the language used to repre-
sent the ontologies.

What we claim here is that the representation of axioms
in the ontologies of the Web have to be neutral towards the
different types of reasoning, to ensure at most as possible the
portability and the reutilisability of ontologies. But this neu-
trality supposes, for reasoning on the Web, that ontologies
can be operationalized according to the different operational
goals of the Web applications.

We only consider in this article a very narrow set of sce-
nario of use, but the operationalization can be extended, for
instance to adapt an ontology to an application according to
a particular decidability or complexity class. In our mind,
the problem of decidability or complexity have not to be con-
sidered at the ontological level, but only at the operational
one. An ontology has to capture the whole knowledge of a
domain, independently from reasoning problem. The con-
struction of ontologies for the Semantic Web has to ignore
the different class of OWL languages. At this step, only the
expressivity of the language is considered. The restriction
of such an ontology to a class of OWL or OWL+SWRL oc-
curs when the ontology is used in an operational system. At
this step, the operationalization will then consists both in
changing some representation of axioms and removing some
of them.

So, we argue that reasoning on the Web supposes that
the ontological level and the operational level are separated,
and that problems relative to reasoning are only considered
at the operational level. Thus, the problem of ontology rep-
resentation, and specially of axioms representation only de-
pends of the expressivity the ontology representation lan-
guages are supposed to offer. The reasoning problems leads
to adapt each ontology, according to the kind of reason-
ing for which we want to use it. This approach allows to
ensure the reutilisability of ontologies, and to capture the
whole semantics of a domain independently of any reason-
ing problem. Moreover, ontologies can be more easily used



to reason, because the operationalization process produces
an operational ontology adapted to the kind of reasoning
the KBS is supposed to performed.

In the case of two agents that communicate on the Web,
only the ontology on which the dialog is based has to be
shared. The operational scenario used by each agent de-
pends on the reasoning the agent performs, and this opera-
tional scenario has to be shared only if the communication
between the agents is about this scenario. Moreover, a sce-
nario of use can be seen has an instance of a particular kind
of PSM ontology, and can then be shared as ontology by
Web agents.

The second point we want to underline is that reasoning
on the Web both requires to reason on domain knowledge
and on ontologies, because KBS on the Web require ontol-
ogy evaluation and alignment. The method that we have
presented allows to perform these two kinds of reasoning,
by using a meta-representation of the used ontology repre-
sentation language.

This work is also an example of the joint use of domain on-
tologies and meta-ontologies. The next step is to integrate in
the same KBS domain ontologies, meta-ontologies, PSM on-
tologies and/or high-level ontologies, to perform more com-
plex reasonings on the Web. In particular, PSM ontologies
can be used to specify the scenario of use of the operational-
ization of a domain ontology.
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