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Abstract. This articledealswith the operationaliseof a domainontologyinte-
gratedinto a Knowledge-Base®ystem(KBS). It presentdooCoM,atool dedi-
catedto (1) the de nition of ontologieswith the Entity-Relationshipparadigm
and (2) the operationalizatiorof ontologiesin the contet of the Conceptual
Graphsmodel. TooCoM provides functionalitiesfor specifyingan operational
scenarioof useof the ontologywhich is underconstructionfor transcribingthis
ontologyinto the correspondingperationaform andfor usingthis operational
form in anembeddednferenceengine.
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1 INTRODUCTION

Most of workswhich aimsat developingtoolsfor building anontologyfocuseson the
editionof theconceptualocahulary, i.e. theterminologicalevel. For instanceProtégé
allows the knowledge engineerto build a hierarchyof conceptsandto specify pre-
de ned propertiesof the conceptghroughthe Framemodel[11]. OntoEdit(renamed
Kaon)is alsobasedbn the Frameparadigm As Protégéijt focuseson the structuration
of a setof conceptsaandon the speci cationof prede nedpropertiesof theseconcepts
[20].

None of the tools listed within the OntoWeb project[6] aimsat editing, in anin-
tuitive and graphicalway, the axiomsof a domain.However, in our opinion, axioms
arethe main operationaressourcef an ontology sincethey constrainthe useof the
conceptualocalulary. Consequentlythey arethe only meango specifythe semantics
of adomain.For instancejn Protégéthe knowledgeengineemustknown the Protégé
Axiom Languageo specifytheconstraintsand/ortherulesof thedomain.In OntoEdit,
the speci cationof anon-prede nedaxiommustbedoneby usingalogical formula.

TooCoM is a tool which adresseshis problem.It allows the knowledgeengineer
(1) to specifythe conceptualocahulary of thedomainby usingthe Entity-Relationship
paradigm(2) to specifythe axiomsof the domainin a graphicalway and(3) to easily
make theseaxiomsoperationaln orderto performreasoningn thecontext of the Con-



ceptualGraphsmodet. For this lastpoint, TooCoMcanbe consideredisaninnovative
toolin thesensdhatit allowstheknowledgeengineetto follow reasoningprocesse

a graphicalway. This aspecis very importantbecausein our opinion, this facilitates
the appropriatiorandthe control of the semanticavhich is associatedo the ontology
underconstructionln otherwords, providing functionalitiesdedicatedo a graphical
appropriationof the implicationsof all the axioms(rulesandconstraintspf a domain
makesthe understandingandthereforethe re nement) of the semanticof a domain
moreeasy

As WebODEimplementgshe METHONTOLOGY methodologyto build anontol-
ogy [1], TooCoM implementsoriginal guidelinesto specify axiomsat the conceptual
level andto specifythe operationauseof the ontologywhich determinateshe opera-
tional form of theaxioms.

Fromatechnicapointof view, TooCoMis basedn CoGITaNT, aframevorkwhich
offers capabilitiesto represenand manipulateConceptualGraphs[10]. TooCoM has
beentestedin the context of the GINA project(Interactve andNatural Geometry)re-
latedto CAD (ComputerAided Design)[13]. In this experimentourtool hasbeenused
to build andto automaticallyoperationalizean ontologyof geometry[9].

Therestof this paperis structuredasfollows. Section2 present$ow building an
ontologywith TooCoM, in particularhow specifyingtheconceptualocalulary andthe
axioms.Section3 rst introduceghe processve adwocateto operationaliz&nontology
andthenshaws the applicationof this processn the context of the Conceptualsraphs
modelandits implementationin TooCoM. Finally, section4 introducesa discussion
abouttheinnovative aspect®f TooCoMin comparisorwith existing tools.

2 DEFINING AN ONTOLOGY WITH THE ENTITY-
RELATIONSHIP PARADIGM

De ning anontologywith the Entity-Relationship(E/R) paradigmmainly consistsn
(1) specifyingof the conceptual/ocatulary of the domainwhich is consideredind(2)
specifyingthe semanticof the conceptualocalulary throughaxioms.

2.1 The specification of the conceptual vocabulary

As implied by the Grubers de nition, (« an ontology is a formal, explicit specifica-
tion of a shared conceptualization » [12]), the building of an ontologyis basedon a
conceptualizationwhich is a conceptuatescriptionof the knowledgecoveredby the
ontology This descriptionconsistof a conceptualocalulary which, in the context of
the E/R paradigmcontainsa setof concepttypesanda setof relationtypeswhich can
bothbe structuredy usingsubsomptiorinks.
TooCoMallowstheknowledgeengineeto de ne suchhierarchiesbothfor concept
typesandfor relationtypes.Figurel shovs anextractof the hierarchyof conceptypes

! Operationalizingnowledgeconsistsn representingt with anoperationalanguageaccording
to anoperationalgoal. An operationalanguagés a formal language(i.e. a languagehaving
a syntaxandformal semanticsihich providesinferencemechanismsillowing oneto reason
from its representation#\n operationaboalis speci ed by a scenarioof use(cf. section3.1).
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Fig. 1. A hierarchyof conceptypesin TooCoM.An arrow representasubsomptiotink between
aconceptypeandhis parentconceptype (« a Triangle is-a Polygon»).

which hasbeende ned for the GINA project(i.e. anontologyof geometryde ned ac-
cordingto Hilbert's book « Grunlagen der Geometrie »). Figure2 shavs the hierarchy
of relationtypes.

2.2 The specification of the axioms

Axiomsrepresentheintensionof conceptypesandrelationtypesand,generallyspeak-
ing, knowledgewhichis notstrictly terminological[19]. Axioms arespeci c to ontolo-
giesand,in ouropinion,allow usto distinguishanontologyfrom athesaurusThesaurus
areonly basedon terminologicalrepresentationandcanbe comparedo light weight
ontologieswhereatheary weightontologiescontainthe whole semanticof a domain
[18]. Axioms specifythe way the terminologicalprimitivesmustbe manipulatedTwo
typesof axiomscanbedistinguished

— theaxiomsthatrepresentommonandwell-de ned propertiesof conceptypesor
relationtypes;
— theaxiomsthatrepresenpropertiespeci c to thedomain.
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Fig. 2. A hierarchyof relationtypesin TooCoM. The propertybox of thebelongsSRelationtype
is open.Suchabox shavs thesignaturetheparentsthechildrenandthealgebraigropertieof a
relationtype. For instancethe belongsSRelationshipcanonly be statedbetweera Plane_Curve
and a Plane it hasthe belongsrelation type as parentand no child and bearsary algebraic

property

Thecommonpropertiesthatwe call axiom schemata, cancorrespondo:

algebraigoropertiessuchassymmetryre exivity, transitiity;

theis-a link betweentwo concepttypesor two relationtypes(subsomptiomprop-
erty);

thesignatureor the cardinalitiesof arelationtype;

the exclusivity or the incompatibility betweentwo concepttypesor two relation
types (the incompatibility betweentwo primitives P, and P; is formalized by
—(P1 A P), theexclusiity is formalizedby =P, = P).

Classicalaxiom schemataanbe speci ed by simply indicatedthe propertyof the
relationtypesin thetool box (cf. gure 2), i.e. without creatinga new axiomby using
the Axioms panel.If anadditionalpropertyof relationtype (symmetry transitvity or
re exivity) is speci ed,thecorrespondingxiomis automaticallycreatedcandaddedo
theontology

However, anaxiomdoesnot necessarilycorrespondo a schemaFor instance,g-
ure3 shavstheaxiom1.2 of Hilbert'saxiomaticsThis axiom,which expresses prop-



erty of identity betweenra Straight_line anda coupleof Points doesnot correspondo a
classicabxiomschemandmustbebuild in theaxiompanel.
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Fig. 3. Representationf anaxiomin TooCoM. The yellow (bright) conceptsaandrelationships
representhehypothesigpartof theaxiomandthegray(dark)conceptsandrelationshipsepresent
the conclusionpart. Semanticof this axiomis asfollows: giventwo different points and two
differentstraightlines, if oneof thesepointsbelongsto thetwo lines,andif the otherbelongsto
onethelines,it doesnotbelongto the secondine.

In TooCoM, the subsomptiorinks andthe signaturesof the relationtypesarethe
only propertieghatareembeddedhto the modelingparadigmunderlyingourtool, and
they donothaveto beexpressedby axioms.All otherpropertief theconceptuaprim-
itiveshave to be speci ed asaxiomsvia the de nition of prede nedaxiom schemata
in hierarchief conceptor relationtypes,or via thewhole creationof anaxiomin the
Axioms panel.

An axiomis composedf an hypothesigpart and a conclusionpart, respectiely
representedly a conceptual graph?. A conceptuafraphis a bipartitegraphcomposed
of conceptvertices(representingbjectsof the domain)andrelationshipvertices(de-
scribingrelationshipsetweerobjects) Eachvertex of aconceptuagraphis labeled A

2 The ConceptualGraphsmodel, rst introducedby Sava [17], is a knowledgerepresentation
modelwhich belonggo thesemanticetworks. An extensionof this model,the SGfamily [2],
presentedh section3.2, extendsthe modelwith reasoningrimitives,rulesandconstraints.



conceptvertex is labeledwith the conceptype from which therepresentedbjectis an
instanceTo identify therepresentedbject,onecanpossiblyaddanindividual marker.
In that case the vertex is calledan individual concept.In othercase, one addsto the
concepttype a starwhich denoteghe genericmarker (i.e. the identity of this concept
is not de ned). Sucha vertex is calleda genericconcept.A relationvertex is simply
labeledby a relationtype specifyingthe natureof the link betweenthe neighbouring
concepts.

Butthisrepresentationf axiomsdoesnotspecifytheir operationakemanticsin the
sensehatit doesnot specifythe way the axiomswill be usedin anoperationabppli-
cation.Becausehis operationakemanticslepend®ntheoperationajoal of the KBS,
it cannot beincludedin anontology which mustbeindependentrom arny operational
goal. Thusspecifyingthis semanticxonductsto an operational ontology, throughan
operationalization process.

3 OPERATIONALIZING AN ONTOLOGY WITH TooCoM

An ontologyis only a conceptuatepresentationf adomain,independentlyf ary op-
erationalapplications.To usean ontologyin a KBS, it is necessaryo transcribethe
conceptuatepresentatiomto aformin accordancevith thewaythe KBS will beused.
This form mustbe anoperationaform, in the sensethatthe knowledgerepresentation
modelmustoffer operationamechanismssuchasinferencemechanismsin orderto
allow the manipulationgo which the KBS is dedicatedFor instancefo performauto-
maticreasoningthe operationaformalismmustallow the representationf derivation
rulesandthe effective applicationof theseruleson a setof facts.Thus,the useof an
ontologyin a KBS requiresanoperationalization processthatconsistdn transcribing
theontologyin anoperationaformalism,in accordancevith the operationaliseof the
KBS.

3.1 The scenarii of use and the operationalization of axioms

Theoperationalizatiof anontologyis only concevablefor awell de ned operational
use,characterizedby a precisescenario of use [5]. A scenaricof useis the description
of the purposedor which knowledgewill be manipulatedn the system.De ning a
scenarioof usemainly consistsin describingthe way the axiomswill be usedin the
system becausehe operationalrepresentatiof terminologicalknowledgedoesnot
dependon the differentcontexts of application.Indeedthe representationf a concept
or arelationtypeis thesamein the caseof a systemdedicatedo knowledgevalidation
or in the caseof a systembuilt to producenew factsfrom a knowledgebase Only the
operationatepresentationsf theaxiomsarespeci c to the goal of theapplication.
We considerthat an axiom can be usedto validate knowledgein relationto the
ontologyor to producenew factsfrom a base.For instancethe axiom 1.6 of Hilbert
« If two points A and B of a straight line d belong to a plane «, then all the points of
d belong to a » canbe usedeitherto deductthe membershipf pointsto a plane,or
to indicatethata situationis notin accordancevith the semanticof geometrysuchas



« there are two points that belong to both a straight line and a plane and a point of the
straight line which does not belong to the plane ».

Moreover, anaxiom canbe usedwhenthe userof the systemasksfor it, or it can
be appliedautomaticallyby the systemeverywhereit is possible.The rst application
is calledexplicit, the secondimplicit. For instancethe axiom 1.3.1of Hilbert « On a
straight line, there are at least two points » canbe implicitly usedif the useris not
supposedo apply this axiom before consideringpoints on a straightline or, on the
contrary canbe explicitly usedif heis supposedo resortto the axiomfor considering
suchpoints,for instancefor educationapurposes.

So, operationalizingan ontologyrequires for eachaxiom, the choiceof a context
of use which speci esthe purposefor which theaxiomwill be usedandhow it will be
appliedin the system Thedifferentcontexts of usewe haveidenti ed are:

— Theinferential and explicit context of use:the userappliesthe axiomby himself
on afactbaseto producenew facts;

— Theinferential and implicit context of use:theaxiomis appliedby the systemon
afactbaseto producenew facts;

— Thevalidation and explicit context of use:the userappliesthe axiom by himself
to checkthata factbases in accordancevith the semanticof adomain;

— Thevalidation and implicit contet of use:theaxiomis appliedby the systemto
verify thatafactbases in accordancavith the semanticof adomain.

A scenario of use consistsin a setof contexts of usechooserfor eachaxiom of
the ontology Generallyspeakingthe operationaform of an ontologyincludesinfer-
entialmechanismandvalidationmechanismsThesemechanismsarerequiredfor the
automatiqdor semi-automaticinanipulatiorof knowledge For instanceascenarialed-
icatedto a computeraidedteachingapplicationallows the userto apply knowledgeto
deducenew factsor to checkhis work. Sucha scenariccomprisesautomatidnferences
andvalidationprocessesdn accordancevith thelevel of theuser

Figure4 presentshe generainferencecycle throughwhich the axiomsareapplied
in a KBS. First the usercanaddfactsto the fact base,then he canapply an axiom
chooserbetweertheinferentialandexplicit ones.Thenthesystemappliesall theinfer-
entialimplicit axiomsin orderto saturethefactbasewith implicit knowledge Finally, a
validationstep,which canbepartially leadedby theuser permitsto detect« semantical
inconsistencies in thefactbase.

Two particularscenariicanbedistinguishedthe purevalidationscenariowherethe
operationabntologyis usedto checkafactbaseaccordingo thesemantic®f adomain
(all axiomsare operationalizedn a validationcontet of use),andthe inferentialand
implicit scenariowherethe operationabntologyis usedto automaticallyproducenewn
knowledge(all axiomsareoperationalizedn animplicit contet of use).To de ne the
scenarimf useof anontology the context of useof eachaxiommustbespeci ed. This
context constrainghe operationaform of the axiom. But, of course the choiceof the
operationaknowledgerepresentatiofanguagealsoconstrainghis form.



Beginning of the cycle

The user add facts
(possibly none) to the fact
base

The user releases the
application of an axiom

Automatic or semi-
automatic validation with
the axioms used in a
checking context of use

Saturation by automatic
application of the axioms

with an inferential and

(possibly none) with an WItH af
implicit context of use

inferential and explicit
context of use

Fig. 4. Theinferencecycle dedicatedo the useof anoperationabntology

3.2 The operationalization of the axioms with the Conceptual Graphs model in
TooCoM

TooCoM is basedon an extensionof the ConceptualGraphsmodel (CGs). The CGs

modelis anoperationaknowledgerepresentatiotanguagenhich providesconceptual
primitive representationghrough conceptsand relationshipsbetweentheseconcepts
[17]. The subsomptiorpropertyandthe signatureof relationshipsareintegratedin the

model.The otheraxioms thatexpressheway the primitivesmustbe manipulatedcan

be representedvith threetypesof reasoningprimitives, that have beenaddedas an

extensionof themodel,the SGfamily [2]:

— The positive constraints, with anhypothesigpartanda conclusionpart, of which
thesemanticss: if the hypothesigartis presentthenthe conclusionpartmustbe
presen{otherwisethe constrainis broken);

— Thenegative constraints, with anhypothesigpartanda conclusionpart,of which
thesemanticss: if the hypothesigartis presentthenthe conclusionpartmustbe
absen{otherwisethe constraintis broken);

— Therules, with anhypothesipartandaconclusiorpart,of whichthesemanticss:
if thehypothesipartis presentthenthe conclusionpartcanbe produced.

A rule canbeimplicitly usedby the system(i.e. appliedeverywherethe hypothesis
of theruleis present)r explicitly appliedby theuser(onagivenfactin theknowledge
base).A negative or positive constraintcan be automaticallyusedby the system(i.e.
checledeverywherein theknowledgebase)or explicitly appliedby theuser

In orderto allow the automaticoperationalizatiorof ontologiesin TooCoM, we
have de ned operationalizatiormechanismgor eachform of axiom. For instancean
axiomcanhave thefollowing form:

@

wherer; arerelationshipsbetweenthe x; and/ory; variablesandH a conjonctionof
predicatsvhich expressconceptr relations.

VlEl, ey Ty H= E'yl, s Ym 7‘1(..) VAR T'p(..)



Thedifferentoperationaformsof suchanaxiom,dependingon the context of use,
are:

— Inferentialandimplicit contet of use:theaxiomis operationalizedy animplicit
rule which correspondso thethelogical formulaVz, ..., x, H = Jy1, ..., ym
r() A AT

— Inferentialandexplicit context of use:the axiomis operationalizedy an explicit
rule whichcorrespondso thelogicalformulavay, ..., x, H = Jy1, ...y Ym r1(.)A
.. Arp(..) andp negative constraintavhich correspondo thestatementzy, ..., x,
H (A7ri(..))i=1..p,ij, it cANNOt exist r;(..),j = 1.p, whererg is exclusive with
r; in theontology?. If ary relationshipexclusive with r; existsin the ontology, the
correspondingonstrainis replacedy g negative constraintavhich correspondo
the statementz1, ..., z, H (A7i(..))i=1..p,i;, it CANNOL EXist r?k(..), k=1.gq,
wherer;k areall incompatibleswith r; ;

— Validationandimplicit (respectiely explicit) context of use:the axiomis opera-
tionalized by p negatve and implicit (respectiely explicit) constraints
Vor, @ H (ATi(2))im1.piz = r}(..),j = 1l.p, Whel’er} is exclusive with
r; in the ontology If ary relationshipexclusive with r; existsin the ontology, the
correspondingonstrainis replacedy q negative constraintavhich correspondo
the statemenvz 1, ...,z H (A 7i(..))i=1..p,ij, it CANNOL EXiSt r;k(..), k=1.q,
wherer’, areall incompatibleswith r; .

In TooCoM, theusercanbuild anoperationabntologyby specifyingthe context of
useof eachaxiom of the ontology Accordingto this context, eachaxiomis automat-
ically transcribednto anappropriateform (i.e. arule, a constrainta rule anda setof
constraintor a setof constraints) Then,the operationabntology which includesthe
conceptuaprimitivesandthe axiomsin an operationaform, canbe exploited by the
TooCoMinferenceenginewhichimplementghereasoningycle presentedn gure 4.

3.3 The use of an operational ontology in TooCoM

TooCoMprovidesaninferenceenginebasednthe manipulatiorof conceptuagraphs.
This inferenceengineusesthe CoGITaNT framavork which allows to comparegraphs
andto apply CG rulesthrougha graphprojectionoperato10]. By usingthisinference
engine,the knowledgeengineercantestthe ontology underconstructionby applying
the operationalontology to different situations.For instancehe can statea fact rep-
resentedy a graphandrunsthe engineover this fact. During the explicit inferential
phasehe canchoosethe axiom he wantsto apply andwherehe wantsto applyit. The
resultof thereasoningprocesss displayedn real-timein theinterfaceandtheusercan
checkif the resultingfactis correctin relationto the resultwhich is intended Again,
asshavnin gures 5 and6, we arguein favor of a graphicalsemanticsThese gures
presentherunningpanelof theinferenceengine.

If theuserhasa setof competeny questionshecancheckit with theinferenceen-
gine.Moreover, the systemcanindicateexactly whataxiomcreatesaninconsisteng or

3 The incompatibility betweentwo primitives P, and P, is formalizedby —(P; A P), the
exclusiity is formalizedby —P, = P».
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Fig. 5. A stepof aninferencecycle. Theuserhashuild agraphwith threepointsA, B andC where
A is differentfrom B andB differentfrom C (the graphappearsn bright color). He selectsthe
axiom 1.1 (giventwo different points, it existsa straight line to which belongthesetwo pointg
which canbeappliedonthepointsA andB, or B andC (the conclusiorpartof theaxiomappears
in darkcolor). The systemsuggestdo the userdifferentprojectionson which the axiomcanbe
applied.By usingthe keyboardarraws, the usercanexaminethe differentprojectionsandapply
the explicit axiomwherehe wants.In this example,the userappliesthe axiomon the pointsA
andB (cf. gure 6 for thenext step).

whataxiomis lackingto answerthe question For instancejn thedomainof geometry
we have useTooCoM to producean operationaform of the ontology appropriatedo
the automatictheoremproof checking[9]. In this case,all the Hilbert's axiomshave
beenoperationalizedhroughanexplicit andinferentialcontet of useandtheotherax-
ioms(e.g.theexclusivity betweerrelationtypes)have beenoperationalizedhroughan
implicit andinferentialcontext of use.By testingthe proof of sometheoremswe have
discover somemissingswhich correspondo implicit knowledgenot statedby Hilbert
in his book, but really usedin the proofs[9].

The building of differentkinds of KBS is possibleasfar asthe systemcanusethe
generalreasoningcycle. In the context of geometrywe canadaptthe scenaricof use
to automaticallygeneratea moduleof an Intelligent Tutoring Systemwhich will use
someaxiomsto validatethe students assertionsand othersto completetheseasser
tions,whereaghe studenwill usetheexplicit axiomsto prove atheoremor to build a
geometricgure.
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Fig. 6. After applyingthe axiom 1.1, the systemautomaticallyappliesthe implicit rules,and
deduceghe differencebetweenthe points from the symmetrypropertyof the diff (difference)
relationtype. The usercanthenapplyanotheraxiom,for instancegheaxiom1.1.

4 RELATED WORK

The rst aspectthat differentiatesTooCoM from its relatedtools is that it is based
on the Entity-Relationparadigmto structurean ontology whereasmostof othertools
dedicatedo the building of ontology like OILEd [3], Protégé11] or OntoEdit[20],
arebasednthe FrameparadigmIndeed,TooCoMis basedn the Conceptualsraphs
modelwhich providesbotha conceptuaparadigmusedto structurethe terminological
level of the ontology and reasoningmechanismsasedon graphhomomorphismin
keepingwith the rst orderlogic.

Then,mostof existing tools providesa textual modeto specifyconceptualocahu-
lary andaxioms.For instanceijn OntoEdit,thespeci cationof anon-prede nedypeof
axiomrequireghe useof the F-Logic syntax[20]. But someof themallows the knowl-
edgeengineerto build ontologiesin a graphicalway: WebOntoprovides a graphical
interfacefor the edition of the conceptual/ocahulary but not for the edition of axioms
[7]. Thegraphbasedraradigmusedin TooCoMis moreintuitive thanatextual oneand
it allows the knowledgeengineetito specifyboththeterminologicalknowledgeandall
kind of axiomsin a graphicalinterface withoutknowing a textual axiomlanguage.

We think that a graphicvisualizationof the inferencescarriedout is a signi cant
factorwhich, on the onehand,facilitatesthe appropriationof a formal systemand,on



the other hand,allows the expert to validatethe adoptedmodel on its own (without
reinterpretatiorof theimplementedeasoning®y a logician)*. The useof a graphical
langageto build anontology which is a knowledgemodel,is coherenwith the useof
graphicallanguagesasUML, to build modelizationin the programmingdomain.

The secondandmostimportant,innovative aspecbf TooCoM,is to allow therep-
resentatiorandtheoperationalizatiof all kindsof axioms.As fastastheuseof ontol-
ogy is growing, it becomesiecessaryo representmore andmorecomplex properties
of theconceptsFor instancethespeci cationof OWL [16] includesnew propertiesas
intersectionof conceptclasse®r algebraicpropertiesthatdo not appeaiin the RDFS
speci cation.In our opinion,a completeontologyrepresentatiotanguagemustallow
to representary axiom, and not only prede nedaxioms.This allows the knowledge
engineetto de ne propertieghatarenotincludedin thelanguageFor instancejn the
domainof geometryalot of propertiesxpressedhroughmathematicahxiomscannot
berelatedto well de ned properties|ike algebraigproperties.

An otheradwantageof the operationalrepresentatiorf axiomsis the possibility
to useontologiesfor reasoningThis aspecbecomesnoreandmoreimportantfor the
applicationsof the SemanticWeb [8]: the Web serviceswill useontologiesto reason
andthis requiresthe representatioof axiomsand not only the representatiof ter-
minological primitives organizedin hierarchiesFor instance the RuleML language
[4] is dedicatedo the representationf rulesandconstraintsn orderto allow deduc-
tion, rewriting, andfurther inferential-transformationahsks.But the operationakep-
resentatiorof axiomsis conditionedby their operationalises So, building operational
representatiorof axiomsrequiresan operationalizatiorprocessthroughwhich these
representationareproducedaccordingo contexts of use.

The representatiorof all kinds of axioms and their usein an inferenceengine
throughan original operationalizatiorprocessallows to performthe original goal of
Protégéthatis theinteractve building of aKBS [11]. Moreover, in TooCoM, it is pos-
sible to automaticallymake the ontologyoperationabndto manipulatet at a concep-
tuallevel. The context of useof eachaxiomcanbe speci edandthe KBS appropriated
to the applicationwhich is intendedcanbe automaticallygeneratedAs in mary tools,
this mechanisnpermitsa constraintcheckingof the ontology But it alsoallows the
knowledgeengineerto easily checkthe completenessf the ontology by submitting
competeng questiongo theinferenceengine.

At this moment,the ontologiescanbe storedin the BCGCT format[15], which is
peculiarto the CoGITaNT frameawork, or in the CGXML format. Theseformatsallow
to representhe terminologicalprimitivesof a domain,the subsomptiorinks between
theseprimitives, the instancesf conceptstypes,and axiomsin rule form. We plan
to adda modulein orderto allow the storageandthe loading of ontologiesin other
commonontology languagedike RDFS or OWL, asfar asthe expressvity of these
langagesllows usto represenall axioms.

4 The validationcanthenbe consideredisa simplestudyof graphicalexplanationsof the rea-
soningsthathave beenperformedby the system.



5 CONCLUSION

TooCoM allows a knowledgeengineetto build ontologieswithin the Entity-Relation-
ship paradigmandto specifyboth the terminologicalknowledgeof a domainandthe
semanticof this domainthroughaxioms.The main characteristicef TooCoMis the
possibilityto de ne all kindsof axiomsandto generatalifferentoperationabntologies
from the speci cationof scenariiof use.So,thanksto a graphicalsemanticsTooCoM
facilitatesthe appropriationof a global understandingf the semanticf the domain
mainly de ned by theaxioms.

Theoperationalizatiomechanisnprovidedby TooCoM permits,via thede nition
of anoperationakcenariofo produceoperationabntologies Theseoperationabntolo-
giescanbe usedto validatethe ontologyitself, by submitingcompeteng questiongo
theinferenceengine This correspond$o a knowledgelevel prototypingapproactjl4].
For instancethe experimentwe have donein the domainof geometryhaslead usto
modify our ontologyafterthatthe proof of atheorentailed.

The operationalizatiorguideline implementedin TooCoM must be extendedto
otherformalismgsthanthe CGsmodel.In particulas theuseof acombinatiorof OWL, to
representheterminologicalknowledge,andRuleML, to represenaxioms,is planned.
It will permitsto build operationabntologieshatcanbeusedonthe Weh
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