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Abstract. This articledealswith theoperationaluseof a domainontologyinte-
gratedinto a Knowledge-BasedSystem(KBS). It presentsTooCoM,a tool dedi-
catedto (1) the de�nition of ontologieswith the Entity-Relationshipparadigm
and (2) the operationalizationof ontologiesin the context of the Conceptual
Graphsmodel.TooCoM provides functionalitiesfor specifyingan operational
scenarioof useof theontologywhich is underconstruction,for transcribingthis
ontologyinto thecorrespondingoperationalform andfor usingthis operational
form in anembeddedinferenceengine.
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tionalization.

1 INTRODUCTION

Most of workswhich aimsat developingtoolsfor building anontologyfocuseson the
editionof theconceptualvocabulary, i.e. theterminologicallevel. For instance,Protégé
allows the knowledgeengineerto build a hierarchyof conceptsand to specify pre-
de�ned propertiesof the conceptsthroughthe Framemodel[11]. OntoEdit(renamed
Kaon)is alsobasedon theFrameparadigm.As Protégé,it focuseson thestructuration
of a setof conceptsandon thespeci�cationof prede�nedpropertiesof theseconcepts
[20].

Noneof the tools listed within the OntoWeb project [6] aimsat editing, in an in-
tuitive andgraphicalway, the axiomsof a domain.However, in our opinion, axioms
arethe main operationalressourceof an ontologysincethey constrainthe useof the
conceptualvocabulary. Consequently, they aretheonly meansto specifythesemantics
of a domain.For instance,in Protégé,theknowledgeengineermustknown theProtégé
Axiom Languageto specifytheconstraintsand/ortherulesof thedomain.In OntoEdit,
thespeci�cationof anon-prede�nedaxiommustbedoneby usinga logical formula.

TooCoM is a tool which adressesthis problem.It allows the knowledgeengineer
(1) to specifytheconceptualvocabularyof thedomainby usingtheEntity-Relationship
paradigm,(2) to specifytheaxiomsof thedomainin a graphicalway and(3) to easily
maketheseaxiomsoperationalin orderto performreasoningin thecontext of theCon-



ceptualGraphsmodel1. For this lastpoint,TooCoMcanbeconsideredasaninnovative
tool in thesensethatit allows theknowledgeengineerto follow reasoningprocessesin
a graphicalway. This aspectis very importantbecause,in our opinion, this facilitates
theappropriationandthecontrolof thesemanticswhich is associatedto theontology
underconstruction.In otherwords,providing functionalitiesdedicatedto a graphical
appropriationof the implicationsof all theaxioms(rulesandconstraints)of a domain
makestheunderstanding(andthereforethe re�nement)of the semanticsof a domain
moreeasy.

As WebODEimplementstheMETHONTOLOGY methodologyto build anontol-
ogy [1], TooCoM implementsoriginal guidelinesto specifyaxiomsat the conceptual
level andto specifytheoperationaluseof theontologywhich determinatestheopera-
tional form of theaxioms.

Fromatechnicalpointof view, TooCoMis basedonCoGITaNT, aframeworkwhich
offerscapabilitiesto representandmanipulateConceptualGraphs[10]. TooCoM has
beentestedin thecontext of theGINA project(Interactive andNaturalGeometry)re-
latedto CAD (Computer-AidedDesign)[13]. In thisexperiment,ourtool hasbeenused
to build andto automaticallyoperationalizeanontologyof geometry[9].

The restof this paperis structuredasfollows. Section2 presentshow building an
ontologywith TooCoM,in particularhow specifyingtheconceptualvocabularyandthe
axioms.Section3 �rst introducestheprocessweadvocateto operationalizeanontology
andthenshows theapplicationof this processin thecontext of theConceptualGraphs
modeland its implementationin TooCoM. Finally, section4 introducesa discussion
abouttheinnovativeaspectsof TooCoMin comparisonwith existing tools.

2 DEFINING AN ONTOLOGY WITH THE ENTITY-
RELATIONSHIP PARADIGM

De�ning an ontologywith theEntity-Relationship(E/R) paradigmmainly consistsin
(1) specifyingof theconceptualvocabulary of thedomainwhich is consideredand(2)
specifyingthesemanticsof theconceptualvocabulary throughaxioms.

2.1 The specification of the conceptual vocabulary

As implied by the Gruber's de�nition, (« an ontology is a formal, explicit specifica-
tion of a shared conceptualization » [12]), the building of an ontologyis basedon a
conceptualization,which is a conceptualdescriptionof theknowledgecoveredby the
ontology. This descriptionconsistsof a conceptualvocabularywhich, in thecontext of
theE/R paradigm,containsa setof concepttypesanda setof relationtypeswhich can
bothbestructuredby usingsubsomptionlinks.

TooCoMallowstheknowledgeengineerto de�ne suchhierarchies,bothfor concept
typesandfor relationtypes.Figure1 showsanextractof thehierarchyof concepttypes

1 Operationalizingknowledgeconsistsin representingit with anoperationallanguage,according
to anoperationalgoal.An operationallanguageis a formal language(i.e. a languagehaving
a syntaxandformal semantics)which providesinferencemechanismsallowing oneto reason
from its representations.An operationalgoalis speci�edby ascenarioof use(cf. section3.1).



Fig. 1. A hierarchyof concepttypesin TooCoM.An arrow representsasubsomptionlink between
a concepttypeandhis parentconcepttype(« a Triangle is-a Polygon»).

which hasbeende�ned for theGINA project(i.e. anontologyof geometryde�ned ac-
cordingto Hilbert'sbook« Grunlagen der Geometrie »). Figure2 shows thehierarchy
of relationtypes.

2.2 The specification of the axioms

Axiomsrepresenttheintensionof concepttypesandrelationtypesand,generallyspeak-
ing, knowledgewhich is notstrictly terminological[19]. Axiomsarespeci�c to ontolo-
giesand,in ouropinion,allow usto distinguishanontologyfromathesaurus.Thesaurus
areonly basedon terminologicalrepresentationsandcanbecomparedto light weight
ontologies,whereasheavy weightontologiescontainthewholesemanticsof a domain
[18]. Axioms specifytheway theterminologicalprimitivesmustbemanipulated.Two
typesof axiomscanbedistinguished:

– theaxiomsthatrepresentcommonandwell-de�ned propertiesof concepttypesor
relationtypes;

– theaxiomsthatrepresentpropertiesspeci�c to thedomain.



Fig. 2. A hierarchyof relationtypesin TooCoM.Thepropertyboxof thebelongsSPrelationtype
is open.Suchaboxshowsthesignature,theparents,thechildrenandthealgebraicpropertiesof a
relationtype.For instancethebelongsSPrelationshipcanonly bestatedbetweena Plane_Curve
and a Plane, it hasthe belongsrelation type as parentand no child and bearsany algebraic
property.

Thecommonproperties,thatwecall axiom schemata, cancorrespondto:

– algebraicpropertiessuchassymmetry, re�exivity, transitivity;
– the is-a link betweentwo concepttypesor two relationtypes(subsomptionprop-

erty);
– thesignatureor thecardinalitiesof a relationtype;
– the exclusivity or the incompatibility betweentwo concepttypesor two relation

types (the incompatibility betweentwo primitives P1 and P2 is formalized by
¬(P1 ∧ P2), theexclusivity is formalizedby ¬P1 ⇒ P2).

Classicalaxiomschematacanbespeci�ed by simply indicatedthepropertyof the
relationtypesin thetool box (cf. �gure 2), i.e. without creatinga new axiomby using
the Axioms panel.If an additionalpropertyof relationtype (symmetry, transitivity or
re�exivity) is speci�ed,thecorrespondingaxiomis automaticallycreatedandaddedto
theontology.

However, anaxiomdoesnot necessarilycorrespondto a schema.For instance,�g-
ure3 showstheaxiom1.2of Hilbert'saxiomatics.Thisaxiom,whichexpressesaprop-



ertyof identitybetweenaStraight_line andacoupleof Points doesnotcorrespondto a
classicalaxiomschemaandmustbebuild in theaxiompanel.

Fig. 3. Representationof an axiom in TooCoM.The yellow (bright) conceptsandrelationships
representthehypothesispartof theaxiomandthegray(dark)conceptsandrelationshipsrepresent
the conclusionpart. Semanticsof this axiom is as follows: given two different pointsand two
differentstraight lines,if oneof thesepointsbelongsto thetwo lines,andif theotherbelongsto
onethelines,it doesnotbelongto thesecondline.

In TooCoM,thesubsomptionlinks andthesignaturesof the relationtypesarethe
only propertiesthatareembeddedinto themodelingparadigmunderlyingour tool, and
they donothaveto beexpressedby axioms.All otherpropertiesof theconceptualprim-
itiveshave to be speci�ed asaxiomsvia the de�nition of prede�nedaxiom schemata
in hierarchiesof conceptor relationtypes,or via thewholecreationof anaxiomin the
Axioms panel.

An axiom is composedof an hypothesispart anda conclusionpart, respectively
representedby a conceptual graph2. A conceptualgraphis a bipartitegraphcomposed
of conceptvertices(representingobjectsof thedomain)andrelationshipvertices(de-
scribingrelationshipsbetweenobjects).Eachvertex of aconceptualgraphis labeled.A

2 TheConceptualGraphsmodel,�rst introducedby Sowa [17], is a knowledgerepresentation
modelwhichbelongsto thesemanticnetworks.An extensionof thismodel,theSGfamily [2],
presentedin section3.2,extendsthemodelwith reasoningprimitives,rulesandconstraints.



conceptvertex is labeledwith theconcepttypefrom which therepresentedobjectis an
instance.To identify therepresentedobject,onecanpossiblyaddanindividualmarker.
In that case,the vertex is calledan individual concept.In othercase,oneaddsto the
concepttypea starwhich denotesthegenericmarker (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.

But thisrepresentationof axiomsdoesnotspecifytheiroperationalsemantics,in the
sensethat it doesnot specifytheway theaxiomswill beusedin anoperationalappli-
cation.Becausethisoperationalsemanticsdependsontheoperationalgoalof theKBS,
it cannot beincludedin anontology, whichmustbeindependentfrom any operational
goal.Thusspecifyingthis semanticsconductsto an operational ontology, throughan
operationalization process.

3 OPERATIONALIZING AN ONTOLOGY WITH TooCoM

An ontologyis only a conceptualrepresentationof a domain,independentlyof any op-
erationalapplications.To usean ontology in a KBS, it is necessaryto transcribethe
conceptualrepresentationinto aform in accordancewith thewaytheKBS will beused.
This form mustbeanoperationalform, in thesensethat theknowledgerepresentation
modelmustoffer operationalmechanisms,suchasinferencemechanisms,in orderto
allow themanipulationsto which theKBS is dedicated.For instance,to performauto-
maticreasoning,theoperationalformalismmustallow therepresentationof derivation
rulesandtheeffective applicationof theseruleson a setof facts.Thus,theuseof an
ontologyin a KBS requiresanoperationalization process,thatconsistsin transcribing
theontologyin anoperationalformalism,in accordancewith theoperationaluseof the
KBS.

3.1 The scenarii of use and the operationalization of axioms

Theoperationalizationof anontologyis only conceivablefor awell de�nedoperational
use,characterizedby a precisescenario of use [5]. A scenarioof useis thedescription
of the purposesfor which knowledgewill be manipulatedin the system.De�ning a
scenarioof usemainly consistsin describingthe way the axiomswill be usedin the
system,becausethe operationalrepresentationof terminologicalknowledgedoesnot
dependon thedifferentcontexts of application.Indeedtherepresentationof a concept
or a relationtypeis thesamein thecaseof a systemdedicatedto knowledgevalidation
or in thecaseof a systembuilt to producenew factsfrom a knowledgebase.Only the
operationalrepresentationsof theaxiomsarespeci�c to thegoalof theapplication.

We considerthat an axiom can be usedto validateknowledgein relation to the
ontologyor to producenew factsfrom a base.For instance,the axiom 1.6 of Hilbert
« If two points A and B of a straight line d belong to a plane α, then all the points of
d belong to α » canbe usedeitherto deductthe membershipof pointsto a plane,or
to indicatethata situationis not in accordancewith thesemanticsof geometry, suchas



« 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, anaxiomcanbeusedwhentheuserof thesystemasksfor it, or it can
beappliedautomaticallyby thesystemeverywhereit is possible.The�rst application
is calledexplicit, thesecondimplicit. For instance,theaxiom 1.3.1of Hilbert « On a
straight line, there are at least two points » canbe implicitly usedif the useris not
supposedto apply this axiom beforeconsideringpointson a straightline or, on the
contrary, canbeexplicitly usedif heis supposedto resortto theaxiomfor considering
suchpoints,for instancefor educationalpurposes.

So,operationalizingan ontologyrequires,for eachaxiom,thechoiceof a context
of use which speci�esthepurposefor which theaxiomwill beusedandhow it will be
appliedin thesystem.Thedifferentcontextsof usewehave identi�ed are:

– The inferential and explicit context of use:theuserappliestheaxiomby himself
ona factbaseto producenew facts;

– Theinferential and implicit context of use:theaxiomis appliedby thesystemon
a factbaseto producenew facts;

– Thevalidation and explicit context of use:theuserappliestheaxiomby himself
to checkthata factbaseis in accordancewith thesemanticsof adomain;

– Thevalidation and implicit context of use:theaxiomis appliedby thesystemto
verify thata factbaseis in accordancewith thesemanticsof adomain.

A scenario of use consistsin a setof contexts of usechoosenfor eachaxiom of
the ontology. Generallyspeaking,the operationalform of an ontologyincludesinfer-
entialmechanismsandvalidationmechanisms.Thesemechanismsarerequiredfor the
automatic(or semi-automatic)manipulationof knowledge.For instance,ascenarioded-
icatedto a computer-aidedteachingapplicationallows theuserto applyknowledgeto
deducenew factsor to checkhiswork. Suchascenariocomprisesautomaticinferences
andvalidationprocesses,in accordancewith thelevel of theuser.

Figure4 presentsthegeneralinferencecycle throughwhich theaxiomsareapplied
in a KBS. First the usercan add factsto the fact base,then he canapply an axiom
choosenbetweentheinferentialandexplicit ones.Thenthesystemappliesall theinfer-
entialimplicit axiomsin orderto saturethefactbasewith implicit knowledge.Finally, a
validationstep,whichcanbepartially leadedby theuser, permitsto detect« semantical
inconsistencies» in thefactbase.

Two particularscenariicanbedistinguished:thepurevalidationscenario,wherethe
operationalontologyis usedto checkafactbaseaccordingto thesemanticsof adomain
(all axiomsareoperationalizedin a validationcontext of use),andthe inferentialand
implicit scenario,wheretheoperationalontologyis usedto automaticallyproducenew
knowledge(all axiomsareoperationalizedin animplicit context of use).To de�ne the
scenarioof useof anontology, thecontext of useof eachaxiommustbespeci�ed.This
context constrainstheoperationalform of theaxiom.But, of course,thechoiceof the
operationalknowledgerepresentationlanguagealsoconstrainsthis form.
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Fig. 4. Theinferencecyclededicatedto theuseof anoperationalontology.

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 anoperationalknowledgerepresentationlanguagewhichprovidesconceptual
primitive representationsthroughconceptsand relationshipsbetweentheseconcepts
[17]. Thesubsomptionpropertyandthesignatureof relationshipsareintegratedin the
model.Theotheraxioms,thatexpressthewaytheprimitivesmustbemanipulated,can
be representedwith threetypesof reasoningprimitives,that have beenaddedas an
extensionof themodel,theSGfamily [2]:

– Thepositive constraints, with anhypothesispartanda conclusionpart,of which
thesemanticsis: if thehypothesispart is present,thentheconclusionpartmustbe
present(otherwisetheconstraintis broken);

– Thenegative constraints, with anhypothesispartanda conclusionpart,of which
thesemanticsis: if thehypothesispart is present,thentheconclusionpartmustbe
absent(otherwisetheconstraintis broken);

– Therules, with anhypothesispartandaconclusionpart,of whichthesemanticsis:
if thehypothesispartis present,thentheconclusionpartcanbeproduced.

A rulecanbeimplicitly usedby thesystem(i.e.appliedeverywherethehypothesis
of therule is present)or explicitly appliedby theuser(onagivenfactin theknowledge
base).A negative or positive constraintcanbe automaticallyusedby the system(i.e.
checkedeverywherein theknowledgebase)or explicitly appliedby theuser.

In order to allow the automaticoperationalizationof ontologiesin TooCoM, we
have de�ned operationalizationmechanismsfor eachform of axiom.For instance,an
axiomcanhave thefollowing form:

∀x1, ..., xn H ⇒ ∃y1, ..., ym r1(..) ∧ .. ∧ rp(..) (1)

whereri arerelationshipsbetweenthexi and/oryj variablesandH a conjonctionof
predicatswhichexpressconceptsor relations.



Thedifferentoperationalformsof suchanaxiom,dependingon thecontext of use,
are:

– Inferentialandimplicit context of use:theaxiomis operationalizedby animplicit
rulewhichcorrespondsto thethelogical formula∀x1, ..., xn H ⇒ ∃y1, ..., ym

r1(..) ∧ .. ∧ rp(..) ;
– Inferentialandexplicit context of use:theaxiomis operationalizedby anexplicit

rulewhichcorrespondsto thelogicalformula∀x1, ..., xn H ⇒ ∃y1, ..., ym r1(..)∧
..∧ rp(..) andp negativeconstraintswhichcorrespondto thestatement∀x1, ..., xn

H (
∧

ri(..))i=1..p,i 6=j , it cannot exist r′j(..), j = 1..p, wherer′j is exclusivewith
rj in theontology3. If any relationshipexclusivewith rj existsin theontology, the
correspondingconstraintis replacedby q negativeconstraintswhichcorrespondto
thestatement∀x1, ..., xn H (

∧
ri(..))i=1..p,i6=j , it cannot exist r′jk

(..), k = 1..q,
wherer′jk

areall incompatibleswith rj ;
– Validationandimplicit (respectively explicit) context of use:the axiom is opera-

tionalized by p negative and implicit (respectively explicit) constraints
∀x1, ..., xn H (

∧
ri(..))i=1..p,i6=j ⇒ r′j(..), j = 1..p, wherer′j is exclusive with

rj in theontology. If any relationshipexclusive with rj exists in theontology, the
correspondingconstraintis replacedby q negativeconstraintswhichcorrespondto
thestatement∀x1, ..., xn H (

∧
ri(..))i=1..p,i6=j , it cannot exist r′jk

(..), k = 1..q,
wherer′jk

areall incompatibleswith rj .

In TooCoM,theusercanbuild anoperationalontologyby specifyingthecontext of
useof eachaxiomof theontology. Accordingto this context, eachaxiomis automat-
ically transcribedinto anappropriateform (i.e. a rule, a constraint,a rule anda setof
constraintsor a setof constraints).Then,theoperationalontology, which includesthe
conceptualprimitivesandthe axiomsin an operationalform, canbe exploited by the
TooCoMinferenceenginewhich implementsthereasoningcyclepresentedin �gure 4.

3.3 The use of an operational ontology in TooCoM

TooCoMprovidesaninferenceenginebasedonthemanipulationof conceptualgraphs.
This inferenceengineusestheCoGITaNTframework whichallows to comparegraphs
andto applyCGrulesthroughagraphprojectionoperator[10]. By usingthis inference
engine,the knowledgeengineercantestthe ontologyunderconstructionby applying
the operationalontology to different situations.For instancehe can statea fact rep-
resentedby a graphandrunsthe engineover this fact.During the explicit inferential
phase,hecanchoosetheaxiomhewantsto applyandwherehewantsto apply it. The
resultof thereasoningprocessis displayedin real-timein theinterfaceandtheusercan
checkif the resultingfact is correctin relationto the resultwhich is intended.Again,
asshown in �gures 5 and6, we arguein favor of a graphicalsemantics.These�gures
presenttherunningpanelof theinferenceengine.

If theuserhasasetof competency questions,hecancheckit with theinferenceen-
gine.Moreover, thesystemcanindicateexactlywhataxiomcreatesaninconsistency or

3 The incompatibility betweentwo primitives P1 and P2 is formalizedby ¬(P1 ∧ P2), the
exclusivity is formalizedby¬P1 ⇒ P2.



Fig. 5. A stepof aninferencecycle.Theuserhasbuild agraphwith threepointsA, B andC where
A is differentfrom B andB differentfrom C (thegraphappearsin bright color). He selectsthe
axiom1.1 (giventwo differentpoints,it existsa straight line to which belongthesetwo points)
whichcanbeappliedonthepointsA andB, or B andC (theconclusionpartof theaxiomappears
in darkcolor). Thesystemsuggeststo theuserdifferentprojectionson which theaxiomcanbe
applied.By usingthekeyboardarrows, theusercanexaminethedifferentprojectionsandapply
theexplicit axiomwherehewants.In this example,theuserappliestheaxiomon thepointsA
andB (cf. �gure 6 for thenext step).

whataxiomis lackingto answerthequestion.For instance,in thedomainof geometry,
we have useTooCoMto producean operationalform of theontologyappropriatedto
the automatictheoremproof checking[9]. In this case,all the Hilbert's axiomshave
beenoperationalizedthroughanexplicit andinferentialcontext of useandtheotherax-
ioms(e.g.theexclusivity betweenrelationtypes)havebeenoperationalizedthroughan
implicit andinferentialcontext of use.By testingtheproofof sometheorems,we have
discoversomemissings,which correspondto implicit knowledgenot statedby Hilbert
in his book,but reallyusedin theproofs[9].

Thebuilding of differentkindsof KBS is possibleasfar asthesystemcanusethe
generalreasoningcycle. In thecontext of geometry, we canadaptthescenarioof use
to automaticallygeneratea moduleof an Intelligent Tutoring Systemwhich will use
someaxiomsto validatethe student's assertionsand othersto completetheseasser-
tions,whereasthestudentwill usetheexplicit axiomsto provea theoremor to build a
geometric�gure.



Fig. 6. After applying the axiom 1.1, the systemautomaticallyappliesthe implicit rules,and
deducesthe differencebetweenthe points from the symmetrypropertyof the diff (difference)
relationtype.Theusercanthenapplyanotheraxiom,for instancetheaxiom1.1.

4 RELATED WORK

The �rst aspectthat differentiatesTooCoM from its relatedtools is that it is based
on theEntity-Relationparadigmto structureanontology, whereasmostof othertools
dedicatedto the building of ontology, like OILEd [3], Protégé[11] or OntoEdit[20],
arebasedon theFrameparadigm.Indeed,TooCoMis basedon theConceptualGraphs
modelwhichprovidesbotha conceptualparadigmusedto structuretheterminological
level of the ontology and reasoningmechanismsbasedon graphhomomorphismin
keepingwith the�rst orderlogic.

Then,mostof existing toolsprovidesa textualmodeto specifyconceptualvocabu-
lary andaxioms.For instance,in OntoEdit,thespeci�cationof anon-prede�nedtypeof
axiomrequirestheuseof theF-Logicsyntax[20]. But someof themallowstheknowl-
edgeengineerto build ontologiesin a graphicalway: WebOntoprovidesa graphical
interfacefor theeditionof theconceptualvocabulary but not for theeditionof axioms
[7]. Thegraphbasedparadigmusedin TooCoMis moreintuitivethanatextualoneand
it allows theknowledgeengineerto specifyboththeterminologicalknowledgeandall
kind of axiomsin a graphicalinterface,withoutknowing a textualaxiomlanguage.

We think that a graphicvisualizationof the inferencescarriedout is a signi�cant
factorwhich,on theonehand,facilitatestheappropriationof a formal systemand,on



the other hand,allows the expert to validatethe adoptedmodel on its own (without
reinterpretationof the implementedreasoningsby a logician)4. Theuseof a graphical
langageto build anontology, which is a knowledgemodel,is coherentwith theuseof
graphicallanguages,asUML, to build modelizationin theprogrammingdomain.

Thesecond,andmostimportant,innovativeaspectof TooCoM,is to allow therep-
resentationandtheoperationalizationof all kindsof axioms.As fastastheuseof ontol-
ogy is growing, it becomesnecessaryto representmoreandmorecomplex properties
of theconcepts.For instance,thespeci�cationof OWL [16] includesnew properties,as
intersectionof conceptclassesor algebraicproperties,thatdo not appearin theRDFS
speci�cation.In our opinion,a completeontologyrepresentationlanguagemustallow
to representany axiom, andnot only prede�nedaxioms.This allows the knowledge
engineerto de�ne propertiesthatarenot includedin thelanguage.For instance,in the
domainof geometry, a lot of propertiesexpressedthroughmathematicalaxiomscannot
berelatedto well de�ned properties,likealgebraicproperties.

An otheradvantageof the operationalrepresentationof axiomsis the possibility
to useontologiesfor reasoning.This aspectbecomesmoreandmoreimportantfor the
applicationsof the SemanticWeb [8]: the Web serviceswill useontologiesto reason
andthis requiresthe representationof axiomsandnot only the representationof ter-
minological primitivesorganizedin hierarchies.For instance,the RuleML language
[4] is dedicatedto therepresentationof rulesandconstraintsin orderto allow deduc-
tion, rewriting, andfurther inferential-transformationaltasks.But theoperationalrep-
resentationof axiomsis conditionedby their operationaluses.So,building operational
representationof axiomsrequiresan operationalizationprocessthroughwhich these
representationsareproducedaccordingto contextsof use.

The representationof all kinds of axioms and their use in an inferenceengine
throughan original operationalizationprocessallows to performthe original goal of
Protégé,thatis theinteractivebuilding of aKBS [11]. Moreover, in TooCoM,it is pos-
sible to automaticallymake theontologyoperationalandto manipulateit at a concep-
tual level. Thecontext of useof eachaxiomcanbespeci�edandtheKBS appropriated
to theapplicationwhich is intendedcanbeautomaticallygenerated.As in many tools,
this mechanismpermitsa constraintcheckingof the ontology. But it alsoallows the
knowledgeengineerto easilycheckthe completenessof the ontology, by submitting
competency questionsto theinferenceengine.

At this moment,theontologiescanbestoredin theBCGCTformat [15], which is
peculiarto theCoGITaNT framework, or in theCGXML format.Theseformatsallow
to representtheterminologicalprimitivesof a domain,thesubsomptionlinks between
theseprimitives, the instancesof conceptstypes,and axiomsin rule form. We plan
to adda modulein order to allow the storageandthe loadingof ontologiesin other
commonontology languageslike RDFSor OWL, as far as the expressivity of these
langagesallowsusto representall axioms.

4 Thevalidationcanthenbeconsideredasa simplestudyof graphicalexplanationsof therea-
soningsthathave beenperformedby thesystem.



5 CONCLUSION

TooCoMallows a knowledgeengineerto build ontologieswithin theEntity-Relation-
shipparadigm,andto specifyboth the terminologicalknowledgeof a domainandthe
semanticsof this domainthroughaxioms.The maincharacteristicsof TooCoMis the
possibilityto de�ne all kindsof axiomsandto generatedifferentoperationalontologies
from thespeci�cationof scenariiof use.So,thanksto a graphicalsemantics,TooCoM
facilitatestheappropriationof a globalunderstandingof thesemanticsof thedomain
mainlyde�ned by theaxioms.

Theoperationalizationmechanismprovidedby TooCoMpermits,via thede�nition
of anoperationalscenario,to produceoperationalontologies.Theseoperationalontolo-
giescanbeusedto validatetheontologyitself, by submitingcompetency questionsto
theinferenceengine.Thiscorrespondsto aknowledgelevel prototypingapproach[14].
For instance,the experimentwe have donein the domainof geometryhasleadus to
modify ourontologyafterthattheproofof a theoremfailed.

The operationalizationguideline implementedin TooCoM must be extendedto
otherformalismsthantheCGsmodel.In particular, theuseof acombinationof OWL, to
representtheterminologicalknowledge,andRuleML, to representaxioms,is planned.
It will permitsto build operationalontologiesthatcanbeusedon theWeb.

References

1. J.Arpirez,O. Corcho,M. Fernandez-Lopez,andA. Gomez-Perez.Weboe:a workbenchfor
ontologicalengineering.In Proceedingsof the�r st InternationalConferenceonKnowledge
Capture (K-CAP'2001),Victoria, Canada, 2001.

2. J.F. BagetandM.L. Mugnier. The sg family: Extensionsof simpleconceptualgraphs. In
Proceedingsof InternationalJoint ConferenceonArti�cial Intelligence(IJCAI'2001), pages
205–210,2001.

3. S.Bechhofer, I. Horrocks,C.Goble,andR.Stevens.Oiled:areason-ableontologyeditorfor
thesemanticweb. In Proceedingsof KI2001,Joint German/AustriaConferenceonArti�cial
Intelligence, volume2174,pages396–408.SpringerVerlagLNAI, 2001.

4. H. Boley, S. Tabet,and G. Wagner. Designrationaleof ruleml : a markuplanguagefor
semanticwebrules.In Proceedingsof theSemanticWebWorkingSymposium(SWWS'2001),
2001.

5. J. Bouaud,B. Bachimont,J. Charlet,andP. Zweigenbaum.Methodologicalprinciplesfor
structuringan ontology. In ACM Press,editor, Proceedingsof IJCAI'95 Workshop:Basic
Ontological Issuesin Knowledge sharing, 1995.

6. OntoWebconsortium(coordinatedby AsuncionGomezPerez).A survey onontologytools.
technicalreportIST-2000-29243,IST, 2002.

7. J. Domingue. Tadzebaoandwebonto:Discussing,browsing andediting ontologieson the
web. In Proceedingsof theEleventhKnowledge AcquisitionWorkshop(KAW'98), 1998.

8. D. FenselandC. Bussler. Semanticweb enabledweb services. In Proceedingsof Inter-
nationalSemanticWebConference(ISWC'2002), volume2342,pages1–2.Springer-Verlag
LNCS,2002.

9. F. Fürst,M. Leclère,andF. Trichet. Contribution of the ontology engineeringto mathe-
maticalknowledgemanagement.Annalsof MathematicsandArti�cial Intelligence, Kluwer
AcademicPublishers, (38):65–89,2003.



10. D. GenestandE. Salvat. A platformallowing typednestedgraphs: how cogitobecamecog-
itant. In Proceedingsof theInternationalConferenceon ConceptualStructures(ICCS'98),
volume1453,pages154–161.Springer-VerlagLNAI, 1998.

11. J.H. Gennari,M.A. Musen,R.W. Fergerson,W.E. Grosso,M. Crubezy, H. Eriksson,N.F.
Noy, andS.W. Tu. Theevolution of prot�g�: anenvironmentfor knowledge-basedsystems
development.InternationalJournalof Human-ComputerStudies, 58:89–123,2003.

12. T.R. Gruber. A translationapproachto portableontologyspeci�cations.Knowledge Acqui-
sition, 5(2):199–220,1993.

13. O. Lhomme,P. Kuzo,andP. Mac�. Desargues,a constraint-basedsystemfor 3d projective
geometry. GeometricConstraint SolvingandApplications, ISBN:3-540-64416-4,1998.

14. A. Newell. Theknowledgelevel. Arti�cial Intelligence, 18:87–127,1982.
15. CoGITaNTHomePage.http://cogitant.sourceforge.net/docs/index.html.
16. OntologyWebLanguageHomePage.http://www.w3.org/tr/2002/wd-owl-guide-20021104/.
17. J. Sowa. ConceptualStructures : informationprocessingin mind and machine. Addison-

Wesley, 1984.
18. S. Staab. An extensible approach for modeling ontologies in rdf(s).

In presentation at the ECDL2000 Workshop on the Semantic Web,
http://www.ics.forth.gr/isl/SemWeb/PPT/Staab.ppt, 2000.

19. S.StaabandA. Maedche.Axioms areobjectstoo: Ontologyengineeringbeyongthemod-
elingof conceptsandrelations.Researchreport399,InstituteAIFB, Karlsruhe,2000.

20. Y. Sure,M. Erdmann,J.Angele,S.Staab,R. Studer, andD. Wenke. Ontoedit:colllaborative
ontologydevelopmentfor thesemanticweb. In Proceedingsof the InternationalSemantic
WebConference, volume2342,pages221–235.Springer-VerlagLNCS,2002.


