
Reasoning on the Semantic Web needs to reason both on
ontology­based assertions and on ontologies themselves

Frédéric Fürst
Laboratoire de Recherche
en Informatique d'Amiens

33 rue Saint­Leu
80039 Amiens Cedex 01 ­ France

frederic.furst@u­picardie.fr

Francky Trichet
Laboratoire d'Informatique de Nantes Atlantique

2 rue de la Houssiniere ­ BP 92208
44322 Nantes ­ France

francky.trichet@univ­nantes.fr

ABSTRACT
In this article, w e presen t a metho d whic h aims at using

on tologies to p erform di�eren t t yp es of reasoning. This

metho d, called op er ationalization , prop oses to automatically

adapt the represen tation of the axioms to the t yp e of reason-

ing the KBS in whic h the on tology is in tegrated is dedicated

to. This pro cess is based on the description of the op er-

ational goal of the KBS through a scenario of use. So, w e

argue for the distinction b et w een the problems of kno wledge

represen tation in on tologies, that are built at the conceptual

lev el, and the problems related to reasoning with on tolo-

gies, that o ccur at the op erational lev el. Moreo v er, b ecause

reasoning on the W eb requires to reason b oth on domain

kno wledge and on on tologies, for instance for ev aluation or

alignmen t purp oses, w e prop ose an extension of the op era-

tionalization metho d that p ermits to reason on on tology b y

op erationalizing a meta-represen tation of the language used

to represen t on tologies. The language w e use, called OCGL,

is based on the Conceptual Graphs mo del and a to ol, called

T o oCoM, implemen ts this language and the op erationaliza-

tion metho d.

Categories and Subject Descriptors
I.2.4 [ Arti�cial In telligence ]: Kno wledge Represen tation

F ormalisms and Metho ds� r epr esentation languages, seman-
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1. INTRODUCTION
Curren tly , on tologies are as the heart of man y imp ortan t

Information T ec hnology issues b ecause they enable reason-

ing on domain assertions. F or instance, in the con text of

the Seman tic W eb, on tologies are principally used to rep-

resen t the con ten t of w eb resources in order to facilitate

concept-based Information Retriev al. But pro viding online

on tology-based services to the end-users implies that the

online services are able to test the a v ailable on tologies, to

compare, align and merge them, and use them in an op era-

tional w a y in order to pro vide reasoning capabilities. Th us,
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to reason on the W eb, w e need on tologies to represen t kno wl-

edge included in the online resources, for reasoning on the

resources, but w e also need applications that m ust b e able to

reason on the on tologies themself. In other w ords, domain

on tologies are not used as a reference system to p erform rea-

sonings on a fact base, but they are the ob jects on whic h

the reasonings are p erformed. This approac h requires the

p ossibilit y to represen t a domain on tology in a similar w a y

as a kno wledge base, i.e. a set of assertions whic h are de-

�ned according to a particular on tology O and on whic h

can b e applied reasoning mec hanisms (based on rules and

constrain ts of O ) for deducing news assertions.

Moreo v er, reasoning on the W eb requires the represen ta-

tion of axiomatic kno wledge, that is not only terminological

kno wledge, but all the seman tics of a kno wledge domain: the

description of a domain through concepts and relations b e-

t w een these concepts m ust b e enric hed b y prop erties, suc h as

subsomption, that express their seman tics. The O WL prop-

erties corresp ond to this axiomatic lev el, but the need of a

larger expressivit y is no w underlined. The w edding b et w een

the W orld Wide W eb and Kno wledge Engineering can only

b e celebrated when the � w edding cak e � dreamed up b y

T. Berners-Lee will b e completely build [3]. In this con text,

the question of the represen tation and the use of axiomatic

kno wledge is at the heart of most of the recen t w orks on the

Seman tic W eb.

In this article, w e fo cus on the problematics of the op er-

ational use of axiomatic kno wledge, that is the w a y prop-

erties expressed in on tologies can b e used to reason. Be-

cause the need of v ery expressiv e on tology represen tation

languages, w e consider hea vyw eigh t on tologies, that include

b oth w ell-none prop erties suc h as O WL prop erties, and gen-

eral axioms, expressed as couples (an teceden t,consequen t).

W e prop ose an uni�ed mo del for op erationalizing on tologies

that can b e applied b oth to reasoning on domain assertions

and on on tologies themself. In our metho d, the op erational-

ization of an on tology relies on the sp eci�cation of an op era-

tional goal, that describ es the w a y the axiomatic kno wledge

of the on tology will b e used to reason. The op erational

form of the on tology is then automatically generated, as a

set of rules and/or constrain ts that can b e directly used

b y an inference engine. The same mec hanism is used to

op erationalize a meta-represen tation of the on tology repre-

sen tation language, to pro duce an op erational form of this

meta-represen tation that allo ws to reason on ev ery on tology

expressed in the language.



The language w e use in our w ork, called OCGL (On tology

Conceptual Graph Language), is based on the Conceptual

Graph mo del and p ermits to represen t b oth terminological

and axiomatic kno wledge, with classical prop erties lik e sub-

somption or algebraic prop erties but with also general ax-

ioms for represen ting prop erties that can not b e expressed

as classical ones. On tologies in OCGL are represen ted in a

graphical w a y , including axioms, and the Conceptual Graph

mo del pro vides reasoning mec hanisms based on graph ho-

momorphism that are used for reasoning b oth on domain

kno wledge and on tologies. OCGL, and the op erationaliza-

tion mec hanisms, are implemen ted in a to ol called T o oCoM

(a T o ol to Op erationalize an On tology with the Conceptual

Graphs Mo del) a v ailable on the W eb at http://sour c efor ge.

net/pr oje cts/to o c om/ .

The rest of this pap er is structured as follo ws. Section

2 presen ts the OCGL language and the w a y the axiomatic

kno wledge is represen ted in this mo del. Section 3 �rst in tro-

duces the pro cess w e adv o cate to op erationalize an on tology

and then sho ws the application of this pro cess in the con-

text of the Conceptual Graphs mo del. Finally , section 4

presen ts the application of the op erationalization to a meta-

represen tation of OCGL in order to reason on the on tologies

expressed in OCGL.

2. ONTOLOGY CONCEPTUAL GRAPH
LANGUAGE

The OCGL mo deling language ( Ontolo gy Conc eptual Gr aphs

L anguage [6]) w e adv o cate for sp ecifying an on tology (at the

conceptual lev el) is based on the Conceptual Graph mo del

and its extensions [1]. Represen ting an on tology in OCGL

mainly consists in (1) sp ecifying the conceptual v o cabulary

of the domain and (2) sp ecifying the seman tics of this con-

ceptual v o cabulary through axioms [12].

The conceptual v o cabulary consists of a set of Concepts

( cf. �gure 1), a set of Relations ( cf. �gure 2) and a set of

on tological instances of concepts. An on tological instance of

a concept is an instance required to express the seman tics

of the domain. F or example, in the domain of mathematics,

� is an on tological instance of the concept Numb er , b ecause

the expression of man y axioms of this domain requires this

instance. Ho w ev er, 3.54 is not an on tological instance. The

sets of concepts and relations can b e structured b y using

b oth w ell-kno wn conceptual prop erties, called Sc hemata

Axioms , and Domain Axioms . Sc hemata axioms are re-

lated to one or t w o conceptual primitiv es (concepts or rela-

tions), so they are represen ted in the primitiv e hierarc hies,

b y sym b ols that complete the trees, as presen ted in �gures 1

and 2.

The Sc hemata Axioms prop osed in OCGL are:

1. the ISA link (subsomption prop ert y) b et w een t w o con-

cepts or t w o relations used to construct concept/relation

taxonomies (tree or lattice);

2. the A bstr action of a concept, whic h corresp onds to an

Exhaustive-De c omp osition in some w orks [9];

3. the Disjointness of t w o concepts. Note that it is p os-

sible to de�ne a Partition [9] b y using the abstrac-

tion and the disjoin tness. F or instance, the decomp o-

sition of Number in to ( OddNumber and EvenNumber ) is

a partition b ecause Number is an abstract concept and

OddNumber and EvenNumber are disjoin t;

Figure 1: Represen tation of a concept hierarc h y in

OCGL. An arro w represen ts a subsomption link b e-

t w een a concept and one of its paren ts, a concept

without surround is abstract, the crossed circles rep-

resen t disjoin tness of concepts.

4. the Signatur e of a relation;

5. the A lgebr aic pr op erties of a relation (symmetry , re-

�exivit y , transitivit y , irre�exivit y , an tisymmetry);

6. the Exclusivity or the Inc omp atibility b et w een t w o re-

lations. The incompatibilit y b et w een t w o relations R1

and R2 is formalized b y : (R1 ^ R2) , the exclusivit y

is formalized b y : R1 ) R2 . Incompatibilit y b et w een

relations is similar to disjoin tness of concepts;

7. the Car dinalities (Minimale and Maximale) of a rela-

tion

1

.

Figure 2: Represen tation of a relation hierarc h y in

OCGL. A crossed circle represen ts an incompatibil-

it y (or exclusivit y) b et w een t w o relations, algebraic

prop erties and cardinalities of a relation are indi-

cated b y sym b ols ab o v e the name of the relation (S

for symmetry , T for transitivit y , C+ and C- for the

cardinalities, etc.).

Domain Axioms di�er from Sc hemata Axioms in the

sense that they are totally sp eci�c to the domain whereas

1

Note that w e consider cardinalities of n-ary relations, that

can b e sp eci�ed for an y of the concepts of the relation sig-

nature, as O WL only allo ws binary relations.



Sc hemata Axioms represen t classical prop erties of concepts

or relations. The OCGL graphical syn tax used to express

suc h a Domain Axiom is based on the Conceptual Graphs

mo del. Th us, a Domain Axiom is comp osed of an A nte c e dent

p art and a Conse quent p art , with a formal seman tics that

in tuitiv ely corresp onds to: if the A nte c e dent p art is true,

then the Conse quent p art is true . Figure 3 sho ws the OCGL

graph represen ting the axiom �The enemy of my friend is

my enemy� related to On toF amily , a simple on tology ded-

icated to family relationships. Note that this axiom is a

real Domain Axiom b ecause it cannot b e represen ted b y us-

ing classical prop erties, in comparison with the axiom " The

friend of my friend is my friend " whic h is represen ted b y the

transitivit y of the relation called Friend(Human,Human) , that

is a Sc hemata Axiom of OCGL.

OCGL has b een implemen ted in a to ol called T o oCoM

( a T o ol to Op er ationalize an Ontolo gy with the Conc eptual

Gr aph Mo del )

2

Thanks to this to ol, it is p ossible to de�ne

the conceptual primitiv es (concepts and relations) and to

sp ecify the Sc hemata Axioms and the Domain Axioms in a

graphical w a y .

Figure 3: Represen tation in OCGL of the axiom �The

enemy of my friend is my enemy� . The brigh t no des rep-

resen t the an teceden t part, the dark ones the con-

sequen t part. The logical expression of the graph is

automatically generated.

Note that T o oCoM also allo ws the user to imp ort on tolo-

gies expressed in O WL, b y using the O WL API[2]. Classes

in O WL corresp ond to Concepts in OCGL, and binary re-

lations of O WL corresp ond to binary relations in OCGL.

Prop erties of classes and relations in O WL are translated

in to axiom sc hemata in OCGL, but some prop erties are

not no w translated, b ecause of the di�erence of expressiv-

it y of the t w o languages. F or instance, the al lV aluesF r om,

someV aluesF r om and hasV alue prop erties in O WL are not

tranlated in OCGL. Con v ersely , the axioms of OCGL can

not b e translated in O WL as long as O WL do es not of-

fer capabilit y of rule-lik e axioms represen tation. But the

extension of OCGL is planned, in order to get closer the

expressivities of the t w o languages.

3. REASONING ON DOMAIN WITH ON­
TOLOGIES

2

T o oCom is dedicated to the edition and the op-

erationalization ( cf. section 3) of domain on tolo-

gies [5]. It is a v ailable under GNU GPL license at

http://sourceforge.net/ proj ect s/to oco m/ .

Most of the curren t on tologies are lightweight ontolo gies ,

that only in tegrate terminological kno wledge and a few prop-

erties used to structure it, in particular subsomption prop-

erties. T o reason on the W eb, on tologies ha v e to capture the

whole kno wledge of a domain, and to ev olv e from ligh t w eigh t

on tologies to he avyweight on tologies, that include all axioms

that are needed to represen t the seman tics of the domain.

The RuleML initiativ e [4] and the SWRL initiativ e [11] are

based on the statemen t that the represen tation of hea vy-

w eigh t on tologies requires the use of rule-lik e expressions,

that w e call axioms.

But, for k eeping the indep endence of an on tology from the

applications where it is used, in order to ensure its p ortabil-

it y and reutilisabilit y , the represen tation of the axioms m ust

only precise their formal semantics , whic h constrain t the in-

terpretation of the conceptual primitiv es, without forcing

their op er ational semantics , whic h �x the w a y the axioms

are used in an application to reason [6]. F or instance, the

symmetry prop ert y of a binary relation has a w ell-kno wn

seman tics. But this prop ert y can b e used in di�eren t w a ys

to reason, according to the op erational goal of the system

in whic h the prop ert y is used: for instance to pro duce new

kno wledge b y deducing, from the existence of suc h a rela-

tion, the existence of a new one; or to c hec k a fact, to v erify

that if suc h a relation exist, the symmetric prop ert y also

exists.

So, to b e used for reasoning on the W eb, an (hea vyw eigh t)

on tology has to b e thro wn in to the op erational lev el, that

is the formal seman tics sp eci�ed b y the axioms has to b e

completed b y the sp eci�cation of an op erational seman tics

whic h describ es the w a y the axioms are implemen ted to rea-

son. First, the formalism of suc h an op erational on tology

m ust b e op erational, that is it m ust pro vides op erational

mec hanisms allo wing the KBS to manipulate the represen-

tations for reasoning purp oses. Secondly , the represen tation

of the on tology in this op erational formalism m ust b e in

accordance with the t yp es of reasonings the system is dedi-

cated to. So, the op erationalization of an on tology consists,

on the one hand, in c ho osing the op erational represen tation

language whic h o�ers manipulation mec hanisms compatible

with the considered op erational goal and, on the other hand,

in adapting the represen tation of the on tology to this goal

b y sp ecifying the op erational seman tics of the kno wledge ex-

pressed at the conceptual lev el. This op erational seman tics

is determinated b y the considered application, whereas the

formal seman tics dep ends on the considered domain (and

of course on the formal seman tics in whic h the on tology is

written). Th us, as sho wn in �gure 4, an on tology can b e

used to pro duce sev eral op erational on tologies for di�eren t

kind of reasoning.

3.1 Operationalization: basic fundations
T o adapt an on tology to an op erational goal, w e prop ose to

sp ecify this goal through a scenario of use , that describ es

the op erational seman tics of the on tology . A scenario of use

sp eci�es the w a y the kno wledge sp eci�ed in the on tology

will b e used. It essen tially describ es what the domain ax-

ioms (and sc hemata axioms) will b e used for. Because the

represen tation of terminological kno wledge of the domain

do es not dep end on the man y p ossible application con texts,

the represen tation of a concept or a relation will b e the same

for a system dedicated to kno wledge v alidation or a system

dedicated to kno wledge pro duction. Then, only op erational
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Figure 4: Op erationalization pro cess: an o v erview.

The same on tology can lead to sev eral op erational

on tologies appropriated to di�eren t KBS.

represen tations of axioms ha v e to b e adapted to the goal of

the considered application

3

.

Generally sp eaking, kno wledge is used to pro duce new

kno wledge or to v alidate existing kno wledge. The kno wledge

manipulation can also b e done automatically b y the system

or it can b e driv en b y the user. So, to sp ecify a scenario of

use, w e prop ose to consider t w o criteria:

� the inferen tial or v alidation use of the kno wledge

expressed in the on tology . F or example, the axiom

�the enemy of my enemy is my friend� can b e used to

pro duce kno wledge ( i.e. to deduce, when there exists

an enem y of one of m y enemies, that he is m y friend)

or to c hec k assertions ( i.e. to c hec k that an y enem y of

one of m y enemies is m y enem y).

� the implicit ( i.e. automatic) or explicit ( i.e. driv en

b y the user) use of the kno wledge expressed in the on-

tology . The previous axiom can b e used to automati-

cally complete or c hec k a kno wledge base, without the

user asking for this. But the user can also b e forced to

apply the axiom, for instance for educational purp ose,

what implies that the axiom is only managed b y the

user.

The com bination of this t w o criteria pro duces four p os-

sible scenarios of use: the inferen tial and implicit one, the

inferen tial and explicit one, the v alidation and implicit one

and the v alidation and explicit one. T w o particular cases of

scenario of use can b e distinguished: the pure v alidation sce-

nario, where all the axioms are only used to v alidate a kno wl-

edge base according to the seman tics of the domain, and the

inferen tial and implicit scenario where the axioms are auto-

matically used to pro duce new facts, without user in terv en-

tion. In the last case, whic h is those of exp ert systems, the

automatic inferences are supp osed to pro duce kno wledge in

3

Of course, using di�eren t conceptual paradigms to rep-

resen t the on tology and the op erational on tologies (for

instance the F rame paradigm and the En tit y/Relation

paradigm) requires in addition a mo di�cation of the rep-

resen tation of the terminological kno wledge. In T o oCoM,

only the En tit y/Relation paradigm is used.

accordance with the seman tics of the domain and no v alida-

tion is required. The most common scenarii com bine infer-

en tial and v alidation uses of axioms. F or instance, a scenario

dedicated to a computer-aided teac hing application allo ws

the user to apply kno wledge to deduce new facts and also to

c hec k his w ork. Suc h a scenario comprises automatic infer-

ences and v alidation pro cesses, in accordance with the lev el

of the user. So, in these mixed scenarii, the kno wledge en-

gineer m ust sp ecify for eac h axiom the w a y it will b e use in

the KBS. W e call this sp eci�cation the con text of use of

an axiom

4
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Figure 5: Op erationalization pro cess: in details.

Eac h com bination of con texts of use pro duces an

op erational on tology di�eren t from the others.

The scenario of use of an on tology is then comp osed of

all the con texts of use of the domain axioms (and sc hemata

axioms) of the on tology ( cf. �gure 5). The con texts of use

w e prop ose are those whic h corresp ond to the com bination

of the criteria previously giv en

5

:

� The inferen tial and explicit con text of use: the user

applies the axiom b y himself on a fact base to pro duce

new facts;

� The inferen tial and implicit con text of use: the

axiom is automatically applied b y the system on a fact

base to pro duce new facts;

� The v alidation and implicit con text of use: the ax-

iom is applied b y the system to v erify that a fact base

is in accordance with the seman tics of a domain.

F or the sc hemata axioms, the same con text of use can

b e sp eci�ed for all the axioms that corresp ond to a giv en

sc hema. F or example, the user can c ho ose an inferen tial

and implicit con text of use for all the axioms that express

a symmetry relationship, in order to automatically pro duce

symmetric relations.

4

Note that �deduction vs v alidation� and �implicit vs ex-

plicit� con texts of use are �ne-grained examples of kno wl-

edge uses. A t a more general lev el of gran ularit y , a scenario

of use can sp ecify the reasoning mec hanism used (deduction,

ab duction, induction), or the general goal of the application

( e.g. teac hing system or corp orate memory managemen t).

5

W e do not consider the v alidation and explicit con text

of use, b ecause allo wing this con text for an axiom do es not

ensure that the kno wledge base is in conformit y with to the

seman tics expressed b y this axiom since the user can c ho ose

to not c hec k the base with this axiom.
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in the consequen t rule rule

Figure 6: Automatic op erationalization rules for the

CGs mo del.

When the scenario of use is sp eci�ed for an on tology and

an application that exploits this on tology , the corresp ond-

ing op erational on tology m ust b e pro duced in the c ho osen

op erational language. F or instance, w e ha v e de�ne rules

for op erationalizing on tologies expressed in OCGL in to the

Conceptual Graphs mo del. This mo del o�ers rules and con-

strain ts that enable the represen tation of axiomatic kno wl-

edge at the op erational lev el. Both p ositiv e and negativ e

constrain ts are a v ailable: the seman tics of a p ositiv e con-

strain t is if the hyp othesis p art of the c onstr aint is pr esent,

then the c onclusion p art must b e pr esent ; the seman tics of

a negativ e constrain t is if the hyp othesis p art of the c on-

str aint is pr esent, then the c onclusion p art must b e absent .

So, giv en an domain axiom or a sc hema axiom of an on-

tology expressed in OCGL and the con text of use of the

axiom, the op erationalization of the axiom pro duces a set

of rules and/or constrain t, explicit or implicit, according to

op erationalization rules that are summarized in �gure 6.
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Figure 7: Ov erview of the in teractions b et w een

Domain On tology , On tology of Represen tation and

KBS.

4. REASONING DOMAIN ONTOLOGIES AT
THE META­LEVEL

4.1 Operationalization at the meta­level
Since domain on tologies are conceptual represen tations of

a domain, their op erationalization pro duces op erational on-

tologies that enable reasoning on domain facts. In the same

w a y , reasoning on on tologies themself can b e done b y op er-

ationalizing the represen tation on tology on whic h they are

based, i.e. a meta-on tology . More precisely , if w e consider

on tologies expressed in the OCGL language (for example),

op erationalizing the on tology of the OCGL language pro-

duces op erational on tologies that p ermit to reason ab out

the �rst on tologies.

T o test this idea, w e ha v e built the on tology of OCGL,

called MetaOCGL, whic h represen ts kno wledge ab out the

OCGL language, the primitiv es of the language, and their se-

man tics expressed through axioms. MetaOCGL is an on tol-

ogy of the OCGL language, expressed in OCGL and can then

b e considered as an on tology at the meta-lev el [9]. As sho wn

in �gure 8, MetaOCGL includes all the concepts of OCGL

and their relations ( isa relation, exclusivit y/incompatibilit y

b et w een relations, disjoin tness of concepts, links b et w een re-

lations and concepts in a graph that expresses an axiom).

MetaOCGL also includes sc hemata axioms and domain ax-

ioms whic h express the formal seman tics of OCGL.

A domain on tology can then b e represen ted as a MetaOCGL

instance ( i.e. a MetaOCGL graph), as domain facts can b e

represen ted b y OCGL graphs. The MetaOCGL graph that

represen ts an on tology con tains a part whic h is dedicated

to the represen tation of the concept hierarc h y (including

sc hemata axioms), a part whic h is dedicated to the represen-

tation of the relation hierarc h y (including sc hemata axioms),

and as man y part as axioms in the on tology . F or instance,

�gure 9 sho ws the MetaOCGL graphs dedicated to the rep-

resen tation of the t w o axioms �the enemy of my enemy is

my friend� and �the enemy of my friend is my friend� , and

their corresp onding meta-graphs in MetaOCGL.

Figure 7 sho ws the in teractions that exist b et w een Domain

On tology , On tology of Represen tation and KBS. It also un-

derlines the three main activities related to the in tegration

of on tologies in to KBS: Mo del ling , Op er ationalization and

R epr esentation . A t the domain lev el, an on tology (called

Domain On tology in �gure 7) of a particular domain (called

Domain in the �gure) is built via a mo del ling pro cess. Rea-

soning ab out facts on this domain in a KBS is allo w ed b y

op erationalizing the on tology according to a particular sce-

nario of use whic h describ es the w a y the axiomatic part of

the on tology is used in the KBS. Then, the generated op era-

tional on tology can b e used to reason ab out facts whic h are

represen tations of instances of the domain. T o sum-up, the

mo del ling of a domain leads to a domain on tology including

Conc epts , R elations and Axioms (b oth axiom sc hemata and

domain axioms). The Op er ationalization of a domain on tol-

ogy leads to the dev elopmen t of the on tological lev el of a

KBS, including T erminolo gic al Know le dge (concepts and re-

lations) and R e asoning Know le dge , i.e. rules and constrain ts

corresp onding to the op erational forms of the axioms in the

con text of use whic h has b een c ho osen. Finally , the R ep-

r esentation of a domain leads to the construction of the

Assertional L evel of the KBS, i.e. facts whic h are de�ned

according to the T erminolo gic al Know le dge , and whic h are

manipulated b y the R e asoning Know le dge .

This three-step pro cess ( Mo del ling, Op er ationalization, R ep-

r esentation ) can also b e applied at the meta-lev el ( cf. �gure

7). The On tology of Represen tation mo delizes the language

used to express the Domain On tology . This on tology of rep-

resen tation is also expressed with the considered language.

It can b e op erationalized in a KBS, and the generated op-

erational on tology enables reasoning on the Domain On tol-

ogy . In this KBS de�ned at the meta-lev el, a fact is the
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Figure 8: Concepts, relations and some of the ax-

ioms of MetaOCGL.

represen tation of a particular domain on tology , for example

a graph in MetaOCGL whic h represen ts an on tology ex-

pressed in OCGL. Because the on tology of represen tation is

a meta-represen tation, mo delizing this on tology in the same

language pro duces the same on tology of represen tation. But

this on tology can b e represen ted as a fact in a KBS whic h

implemen ts an op erational v ersion of it, in order to reason

on the on tology of represen tation itself.

Op erationalizing MetaOCGL consists in c ho osing the w a y

the axioms will b e used to reason ab out an on tology ex-

pressed in OCGL. T o complete an on tology expressed in

OCGL, b y automatically adding subsomption links, or b y

propagating inherited prop erties, for example, MetaOCGL

ha v e to b e op erationalized in an inferen tial scenario of use.

T o v alidate an on tology according to the OCGL formal se-

man tics, MetaOCGL ha v e to b e op erationalized in a v alida-

tion scenario of use.

4.2 Operationalization of MetaOCGL: an ap­
plication to ontology evaluation

In order to use the MetaOCGL on tology for on tology ev al-

uation (whic h includes v eri�cation, v alidation and assess-

men t activities [9]), it is necessary to op erationalize it in a

v alidation and implicit scenario of use, i.e. all the axioms

of MetaOCGL are used to v alidate a fact base whic h cor-
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Figure 9: T w o axioms represen ted in MetaOCGL

�The enemy of my friend is my enemy� and �The enemy of

my enemy is my friend� . The typ e_identity links denote

that the no des are of the same t yp e in the axiom.

The t w o graphs are the same without considering

t yp e_iden tit y links, but they di�er when consider-

ing these links, b ecause relations in the h yp othesis

part of the axiom at the top ha v e the same t yp e

( enemy ), but not those of the axiom at the b ottom

( enemy and friend ).

resp onds to the meta-represen tation of a domain on tology .

In the example of the �gure 10, the fact base is the graph

whic h represen ts an extract of the On toF amily O1 . An er-

ror has b een v olun tarily in tro duced in the signature of the

�aunt(W oman,Universal)� binary relation: this relation is a

sub-relation of the �r elation_involving_a_Man(W oman,Hu-

man)� relation. So, the signature of �aunt� is not in confor-

mit y with those of �r elation_involving_a_Man � . The ap-

plication of the signature conformit y axiom ( cf. �gure 8), in

a v alidation con text of use, rev eals the problem: the dark

part of the graph is those whic h corresp onds to the breaking

of the axiom.

Note that our approac h allo ws the kno wledge engineer

to explicitly de�ne, through the de�nition of axioms at the

meta-lev el, the criteria used to ev aluate the con ten t of on-

tologies in terms of consistency , completeness and concise-

ness. This declarativ e de�nition of criteria at the conceptual

lev el increases b oth the p ortabilit y and the mo dularit y of the

ev aluation criteria, whic h, in most of the similar w orks, are

directly hard-co ded in the to ols.



Figure 10: Op erationalization of MetaOCGL for on-

tology v eri�cation.

4.3 Operationalization of MetaOCGL: an ap­
plication to ontology matching

The ob jectiv e of on tology matc hing is to disco v er and ev al-

uate iden tit y links b et w een conceptual primitiv es (concepts

and relations) of t w o giv en on tologies supp osed to b e built

on connected domains. Our approac h relies on the use of

the axiomatic lev el of the on tologies to disco v er seman tic

analogies b et w een primitiv es, in order to rev eal iden tities

b et w een them and to calculate the similarit y co e�cien t of

these iden tities, i.e. a co e�cien t that indicates ho w closely

t w o concepts or relations are related. The comparison of

axioms is based on their represen tation at the meta-lev el, in

order to preserv e their formal seman tics but to erase their

syn tactical di�erences, while existing matc hing algorithms

are essen tially based on syn tactical comparison [10].

Our algorithm tak es as input t w o on tologies O1 and O2

(represen ted in OCGL) and pro vides as output p oten tial

similarities b et w een t w o concepts or t w o relations: the re-

sult is a set of matc hings (Pi ; P 0
j ; C) , where Pi and P 0

j are

resp ectiv ely conceptual primitiv es (concepts and relations)

of O1 and O2 , and C the similarit y co e�cien t b et w een Pi

and P 0
j . Both axiom sc hemata and domain axioms are used

to ev aluate or disco v er primitiv e matc hings. Of course, the

w eigh t of eac h OCGL prop ert y is used to mo dulate its in-

�uence on the ev aluation of the matc hing.

As in tro duced in �gure 9, domain axioms are represen ted

in MetaOCGL, in order to compare their structures inde-

p enden tly of the lab els that app ear in their no des. F or

eac h axiom couple (a1 ; a2) , where a1 2 O1 and a2 2 O2 ,

the represen tations of a1 and a2 in MetaOCGL, meta(a1)
and meta(a2) , are built. These represen tations can b e en-

ric hed b y adding information ab out the no des: for instance,

in �gure 9, the t w o relations enemy of the axiom in OCGL

are represen ted in MetaOCGL b y the t w o concepts A n-

te c e dent_R whic h are link ed b y the meta-relation called

typ e_identity .

T w o t yp es of top ological equiv alence are then considered:

the equiv alence , that o ccurs when pro jections (in the con-

text of the CG mo del) exist from meta(a1) to meta(a2)
and from meta(a2) to meta(a1) , without considering the

type_ identity relations, and the t yp ed equiv alence that

o ccurs when the t w o pro jections exist with the type_ identity

relations. Of course, the w eigh t of a t yp ed equiv alence is

higher than those of an equiv alence. A t yp ed equiv alence

(resp. equiv alence) b et w een t w o axioms increases the co ef-

�cien t of no des link ed b y pro jection b y the w eigh t of the

axiom t yp ed equiv alence (resp. equiv alence). F or exam-

ple, the t w o axioms of �gure 9 are equiv alen t b ecause t w o

pro jections exist b et w een their meta-graphs without con-

sidering the typ e-identity relations. When considering the

typ e-identity relations, there exists no pro jection, so they

are not t yp ed equiv alen t.

W e ha v e applied these principles to the matc hing of t w o

on tologies related to the family domain [8, 7]. This exp er-

imen t has sho wn the relev ance of the comparison of t w o

on tologies at the meta-lev el, ev en if the algorithm has to b e

impro v ed, in particular b y taking the subsomption links in to

accoun t.

5. CONCLUSION
In this article, w e ha v e presen ted a metho d whic h aims

at using on tologies to p erform di�eren t t yp es of reasoning.

This metho d prop oses to automatically adapt the represen-

tation of the axioms to the t yp e of reasoning the KBS in

whic h the on tology is in tegrated is dedicated to. This op-

er ationalization of on tology , based on the description of the

op erational goal of the KBS through a scenario of use, can

also b e applied for reasoning on the on tologies themself, b y

op erationalizing an on tology of the language used to repre-

sen t the on tologies.

What w e claim here is that the represen tation of axioms

in the on tologies of the W eb ha v e to b e neutral to w ards the

di�eren t t yp es of reasoning, to ensure at most as p ossible the

p ortabilit y and the reutilisabilit y of on tologies. But this neu-

tralit y supp oses, for reasoning on the W eb, that on tologies

can b e op erationalized according to the di�eren t op erational

goals of the W eb applications.

W e only consider in this article a v ery narro w set of sce-

nario of use, but the op erationalization can b e extended, for

instance to adapt an on tology to an application according to

a particular decidabilit y or complexit y class. In our mind,

the problem of decidabilit y or complexit y ha v e not to b e con-

sidered at the on tological lev el, but only at the op erational

one. An on tology has to capture the whole kno wledge of a

domain, indep enden tly from reasoning problem. The con-

struction of on tologies for the Seman tic W eb has to ignore

the di�eren t class of O WL languages. A t this step, only the

expressivit y of the language is considered. The restriction

of suc h an on tology to a class of O WL or O WL+SWRL o c-

curs when the on tology is used in an op erational system. A t

this step, the op erationalization will then consists b oth in

c hanging some represen tation of axioms and remo ving some

of them.

So, w e argue that reasoning on the W eb supp oses that

the on tological lev el and the op erational lev el are separated,

and that problems relativ e to reasoning are only considered

at the op erational lev el. Th us, the problem of on tology rep-

resen tation, and sp ecially of axioms represen tation only de-

p ends of the expressivit y the on tology represen tation lan-

guages are supp osed to o�er. The reasoning problems leads

to adapt eac h on tology , according to the kind of reason-

ing for whic h w e w an t to use it. This approac h allo ws to

ensure the reutilisabilit y of on tologies, and to capture the

whole seman tics of a domain indep enden tly of an y reason-

ing problem. Moreo v er, on tologies can b e more easily used



to reason, b ecause the op erationalization pro cess pro duces

an op erational on tology adapted to the kind of reasoning

the KBS is supp osed to p erformed.

In the case of t w o agen ts that comm unicate on the W eb,

only the on tology on whic h the dialog is based has to b e

shared. The op erational scenario used b y eac h agen t de-

p ends on the reasoning the agen t p erforms, and this op era-

tional scenario has to b e shared only if the comm unication

b et w een the agen ts is ab out this scenario. Moreo v er, a sce-

nario of use can b e seen has an instance of a particular kind

of PSM on tology , and can then b e shared as on tology b y

W eb agen ts.

The second p oin t w e w an t to underline is that reasoning

on the W eb b oth requires to reason on domain kno wledge

and on on tologies, b ecause KBS on the W eb require on tol-

ogy ev aluation and alignmen t. The metho d that w e ha v e

presen ted allo ws to p erform these t w o kinds of reasoning,

b y using a meta-represen tation of the used on tology repre-

sen tation language.

This w ork is also an example of the join t use of domain on-

tologies and meta-on tologies. The next step is to in tegrate in

the same KBS domain on tologies, meta-on tologies, PSM on-

tologies and/or high-lev el on tologies, to p erform more com-

plex reasonings on the W eb. In particular, PSM on tologies

can b e used to sp ecify the scenario of use of the op erational-

ization of a domain on tology .
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