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Abstract

In this paperwe presenta new approachor building RDF schemady inte-
gratingexisting ontologiesandstructuredvocahularies(thesauri).We will present
a simplemechanisnbasedn the specificatiorof inclusionrelationshipdbetween
thesaurugermsand ontology conceptsand shov how theserelationshipscanbe
exploitedto createapplication-specifilRDF schemasncorporatingthe structural
views of ontologiesanddeepclassificatiorschemegrovided by thesauri.

1 Intr oduction

With theemegenceof the World Wide Web, Internetandintranettechnologiesa large
numberof information sourcesfrom a variety of differentapplicationdomainshave
becomeavailableon line. In suchopenandevolving ervironments,discovering, ac-
cessingandintegratinginformationaredifficult andcomplex tasksdueto the existence
of semanticheteogeneities[35], resultingfrom the differentterminologiesand con-
ceptualizationemployedby the variousinformationprovidersandconsumers.

A partialsolutionto thesemantideterogeneitproblemis theexchangeof domain-
specificmetadatd22, 41, 35] betweerninterconnectedystemsgdescribingthe seman-
tics of theunderlyinginformation. More specifically thesesemanticareexpressedy
metadataschemas definedby specificresourcedescriptioncommunities.A metadata
schemas comprisedof (1) avocalulary, i.e. asetof elementhamedo be usedfor the
descriptionof informationin a domain(e.g. the creator, title elementsof the Dublin
Core[12] metadataelementset), and (2) a setof semanticrelationshipsto structure
this information. Oneof the severalrolesof metadataschemasn openandevolving
ervironmentssuchasthe Web, is to supporta sharablestructuralview of information
with rich semanticgo be communicatedetweerusersandapplications.
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Metadataspecificationlanguagessuchas the Resouce Description Framevork
(RDF)[34, 6], supporistandaranechanismfor therepresentationf metadatachemas
aswell assourcespecificmetadatgsourcedescriptions)RDF is anongoingstandard-
izationeffort of the World-Wide Web Consortium(W3C) for the creationof metadata
describingWebresourcesAlthoughit enableghe descriptionandexchangeof meta-
dataschemasit doesnot provide a mechanisnto facilitatetheir constructionwhich
is adifficult andtime consumingaskespeciallyin ervironmentshatcomprisea large
numberof informationsources.Moreover, it offers no mechanisnto decidewhether
a particularmetadataschemameetsthe needsof an applicationor domain. For that
sale, we needto considersemanticcomponent&ndstructuralviews thatdescribethe
organizationof the underlyinginformation.

In thispaperwe presenamodularapproacHor thecreationof RDF schemasased
on the integrationof existing ontolagiesandthesaurushierarchiesdefinedaccording
to thelSO 2788[20] standardor monolinguathesauri Ontologiesandthesauricanbe
consideredasorthogonalwaysfor describinginformation. The former provide struc-
tural, sharablesiews of information,with usuallyshallav semantics¢apturedn meta-
dataschemasThey aredeclaratve specification®f theconceptandrolesin adomain
of discourse.Thesauriare structuredvocatularies,with rich semanticdut little or no
structure.For example,althoughthe Art & Architectuie Thesaurusoneof the largest
thesauriin thefield of westernart terminology includesextendedtaxonomieof cul-
tural artifactsandstyles,thereis no explicit relationshipdenotingthefactthatartifacts
have a style. In the contect of our approachpntologiesare percevedto have a dual
role: provide agenericview of informationanda structuralinterfaceover thesauri.

We follow a three-stepapproachto the constructionof RDF schemas.In a first
step,we specifyfor eachthesaurugerm, a setof ontologyconceptstheformerbeing
consideredssub-conceptsf thelatter Theresultof this stepis a connectiorrelation
betweerntermsandconceptswith inclusionsemanticsin a secondjntermediatestep,
we extract automaticallyfor eachconcepta conceptthesaurus This thesaurugon-
tainsonly the termsconnectedo this conceptby the connectiorrelation, alongwith
broadergenericrelationshipderived from the initial thesaurus.In the final stepwe
integratethesethesauriwith the ontologyto producean RDF schemaconsistingof (1)
astructural view providedby the ontology, (2) connectiorrelationsbetweenconcepts
andterms,and(3) thesaurushierarchies With this intermediatestepit is possibleto
constructheresultingschemancrementallyby extractingon demancconcepthesauri
thatcorrespondo differentontologyconcepts.

Our contributionis two-fold. First, by usingexisting componentsywe minimizethe
time andeffort to specify appropriatenotionsthat describethe contentand structure
of adomainin theform of anRDF schema.SecondtheresultingRDF schemads not
boundto a specificimplementatiorandcanbe usedby ary applicationwhichis based
onthe RDF standard.

To illustrateour approachyve take examplesfrom the culturalapplicationdomain.
ThesaurusxamplesaretakenfromtheArt & Architecture ThesaurugAAT). TheArt &
Architectue Thesauruss oneof the GettyInformationinstitute’s (http://www.gii.getty.edu/)
ongoingprojectsand known asone of the largestthesauriin the areaof westernart
historicalterminology Ontology examplesareinspiredfrom the ICOM/CIDOC Ref-
erenceModel. The ICOM/CIDOC RefeenceModel [19] is the resultof one of the



mostsignificantefforts for a formal representationf the basicnotionsof the cultural
applicationdomain.

This paperis organizedasfollows. Relatedwork is presentedn Section2. Sec-
tion 3 givesa shortpresentatiorof RDE In Sections4 and6, we describethe notion
of ontologyandthesaurusespectiely. In Section8, we presentour approacho the
automaticconstructionof RDF schemady integratingontologiesandthesaurusier
archies.Conclusionsandfuturework aregivenin Sectionl1.

2 RelatedWork

Over the pastyearsa greatamountof effort hasbeeninvestedin the developmentof
metadatavocalulariesfor the exchangeof information acrossdifferentapplications
anddomains[12, 25, 40, 10]. Dublin Core[12] contributesto semanticinteroper
ability by promotinga commonset of elementswhich can be usedto describein a
consistenmannerinformationconcerninghe contentsof electronicdocumentssuch
astheir title, creator, or subject USMARC [40] definesa setof descriptve elements
for the representatiomndexchangeof bibliographicdata. In the culturaldomain,the
AquarelleProject[31] usesthe SGML CI DTD (DataType Definition) of the French
Ministry of Culture[10] to describea setof elementhamesdedicatedo territory in-
ventorymaking.All theabose metadatalementetsaretheresultof thecollaboration
of anumberof usercommunitiesandotherauthoritiesn the correspondindields. Our
approachcanbe consideredhsa methodologyto provide suchmetadatalementsets
by usingexisting semanticcomponent®f the domainof interest,namelyontologies
andthesaurusierarchies.

Besidesspecificmetadatalementsets,ontologieshave beendevelopedandused
in severalprojectsto structureandaccessVebknowledge. The OntoSeeK18] system
is usedfor gatheringand organizing\Web sourcedescriptions. It exploits the SEN-
SUSOntology[24] whichis basedntheWordNet[32] linguistic ontologyto describe
sourcecontents The WebKB setof tools[29] builds on aterminologicalontologyand
conceptuabraphsto represenfandindex) documents.Our approachcanbe consid-
eredcomplementaryto the abave systemsjn the sensethat not only do we provide
a methodologyto defineontologiesenrichedwith thesaurusierarchiesput alsothe
choiceof RDF as the representatiomanguageenablestheir exchangein a machine
readabldormat.

Besidesstructuringand representingVeb data, metadateschemagreferredto as
domainmodel$ arealsousedin mediationbasedsystemssuchas Information Man-
ifold [4], SIMS [9] andCarnot[11]. They provide a uniform view of informationin
a domainof discourseand are usedto describethe contentsof differentinformation
sources.For example,Carnotis an information integration systemthat relieson the
CYC [28] knowledgebasefor describingsourcecontents.The CYC knowledgebase
is a formalizedrepresentationf a “vast quantity of fundamentahumanknowledg”
andcontainsabout10® generalkconceptsand10° assertion®n theseconcepts We do
not aim at providing a mediationsystembut rathera methodologyto definemediator
domainmodels. Theinterestingissueis thatin somecasesunderlyingsourceamight
usethesaurusierarchieghatcouldbeintegratedin themediatorto produceexpressie



domainmodels.Ourapproactcanbeconsidere@salfirst steptowardsthisintegration,
whichis arequiremenfor the next generatiorinformationsystemg35, 33].

Integratingontologiesandthesaurcanbeconsideregsa schemantegrationprob-
lem[5]. An importantissuein this field concernghe coherenintegrationof database
schemasvith overlappingconceptsrolesanddata.Our approactis moresimplesince
ontologiesandthesauricanbe consideredas orthogonalways of describinginforma-
tion. First, ontologiescapturemoregeneralsemanticsthanthesauriandconsequently
we considerthesaurusermsto be specialization®f ontology concepts.Secondthe-
sauriincorporateonly a fixed setof semantiaelationshipsdefinedindependentlyof
ary applicationor domain.Finally, the consisteng of the resultingmetaschemas not
basedon actualdata,but on the meaningof ontologiesandthesaurias perceved by
expertsin thedomain.

3 Resource Description Framework

The Resouce Description Frameavork (RDF) is a foundationfor processingmeta-

data[34, 6] which supportsstandardnechanismdor the representationf metadata
schemasswell assourcedescriptions.It relieson a simple,graph-basedatamodel

andusesXML (eXtensibleMarkupLanguage}42], to communicat@ndprocessneta-

datain amachinereadableandhumanunderstandabl®rmat. Similarto theseparation
of schemaandinstancein traditionaldatabasesye candistinguishbetweenRDF de-

scriptionsandRDF schemastheformerconsideredsinstance®f thelatter

3.1 RDF descriptions

RDF canbe usedto describeary kind of resouce [26] that is identified by a URI
(Uniform Resourcddentifier),suchasa Websener, anXML documenbr anelement
of anHTML page(e.g. animage). RDF supportsthe definition of resourceproper
tieswhosevaluescanbe otherresource®r literals (strings,integers). A collectionof
property/valuepairsthatrefersto a specificresourcds calledan RDF descriptionand
canberepresentedsa labeleddirectedgraphwherenodescorrespondo resourcesr
literals (values)andedgedo resourceproperties.

Figure 1 shavs an RDF descriptionfor a Web pagethat describesa painting of
the FrenchpainterClaudeMonet. RDF usesthe XML namespacenechanisnto dis-
tinguishamongdifferentRDF schemagSection3.2) usedin RDF descriptions.For
example, lines 2 and 3 definetwo XML namespacewherethe first (web- page)
containsggeneralpropertiesof HTML pagedqtitl e, presents, creator)and
thesecondar ti f act ) specifiespropertiesof cultural artifacts(ti tl e, styl e,
type, peri od). Thismechanisnis veryimportantsinceit permitsthe reuseof ex-
isting, distinctRDF schemasvithin the sameRDF descriptionwithout creatingnam-
ing conflicts(e.g.web- page: title,artifact:title).Line4 tellsusthatthe
descriptionthatfollows concernghe HTML pagewhich canbe accessety the URL
http://nmetal ab. unc. edu/ | ouvre/ pai nt/ nonet/first/inpression/.
The title of this pageis “Web Museum: Monet, Claude: Impression: soleil lev-
ant” (line 5) andhasbeencreatedby NicolasPioch (line 14). To describeproper



1. <rdf:RDF xmns:rdf="http://ww.w3.org/ 1999/ 02/ 22-r df -
synt ax- ns#"

2. xm ns: web- page ="http://netal ab. unc. edu/ | ouvr e/ namespaces/ web-
pages"”
3. xm ns:artifact ="http://metal ab. unc. edu/ | ouvr e/ namespaces/artifacts">

4, <rdf:Description

about ="http:// metal ab. unc. edu/ | ouvr e/ pai nt/ nmonet/first/inpression">
5. <web- page:titl e>Web Museum Monet, C aude: |npres-
sion: soleil |evant

</ web- page:title>

6. <web- page: pr esent s>

7. <rdf : Description about="soleil _|evant">

8. <artifact:type>oil painting</artifact:type>

9. <artifact:title>Inpression : soleil |ev-
ant</artifact:title>

10. <artifact:style>inpressionisn</artifact:style>

11. <artifact:period>first-inpressionisnx/artifact: peri od>
12. </rdf: Description>

13. </ web- page: present s>

14. <web- page: cr eat or >Ni col as Pi och</web- page: cr eat or >

15. </rdf: Description>
16. </rdf: RDF>

Figure 1: An RDF descriptionfor resourcehtt p:// netal ab. unc. edu/ -
| ouvre/ pai nt/nonet/first/inpression.

ties of the painting, it is necessaryo definea local resourcewhich is identified by
URI sol ei | | evant thatrefersto the painting. The painting’s propertiesare its
type (oi | pai nting, line 8), title (I npression : soleil |evant, line
9), style (i npr essi oni sm line 10) andperiod(fi r st -i npressi oni sm line
11).

3.2 RDF Schemas

TheRDF Schemé&pecificatiorLanguagg7] is adeclaratve languageaisedfor thedef-
inition of RDF schemasincorporatingaspectsrom knowledgerepresentatiomodels
(e.g. semanticnets),databaseschemadefinition languagesandgraphmodels. It is a
simple languageof restrictedexpressve power comparedo predicatecalculusbased
specificatiolanguagesuchasCycL [28] andKIF [23].

An RDF schemadefinesclassesand propertieswhich canbeinstantiatedn RDF
descriptions More specifically an RDF schemas comprisedof (1) a vocalulary, i.e.
asetof classandpropertynamego describenformationin adomain(asfor example,
thecreator, title elementof the Dublin Coremetadatalementset),and(2) a setof se-

1In thefollowing, RDF Schemawill denotethe specificationanguageaisedto defineRDF schemas.



1. <rdf:RDF xmns:rdf="http://ww.w3.org/ 1999/ 02/ 22-r df -
synt ax- ns#"

2. xm ns: rdf s="http://ww. w3. org/ TR/ 1999/ PR- r df -
schena- 19990303#"
3. xm ns:artifact="">

4, <rdfs:d ass rdf:1D="Man Made Cbject"></rdfs: Cl ass>
5. <rdfs: d ass rdf:|D="Iconographic Cbject">

6. <rdf s: subcl assO rdf:resource="#Man Made Ob-
ject"/></rdfs:  ass>

7. <rdfs:Cass rdf:I1D="Style"></rdfs: C ass>

8. <rdfs: O ass rdf: | D="Period"></rdfs: C ass>

9. <rdf:Property rdf:|ID="style">

10. <rdfs: domai n rdf:resource="#l conographic hject"/>

11. <rdfs:range rdf:resource="#Style"/> </rdf: Property>

12. <rdf:Property ID="title">

13. <rdfs: domai n rdf:resource="#Man Made Object"/>

14. <rdfs:range rdf:resource="#rdfs:Literal"/></rdf:Property>
15. <rdf:Property rdf:|D="period">

16. <rdf s: domai n rdf:resource="#Man Made bject"/>

17. <rdfs:range rdf:resource="#Period"/></rdf: Property>

18. </rdf: RDF>
Figure2: An RDF schemdor describingculturalresources.

manticrelationshipgo structurethis information. Classesreorganizedn hierarchies
usingthepropertyr df s: subcl assO whichis definedn RDF Schema(namespace
r df s) and hasthe standardsemanticsof inheritancerelationshipin object-oriented
datamodels. For example,the RDF schemallustratedin Figure 2 definesclassivan
Made Obj ect (line 4) andits subclasd conogr aphi ¢ Cbj ect (lines5, 6). It
alsodefinesclassest yl e (line 7), Per i od (line 8). RDF Schemaallows bothtyped
anduntypedproperties Propertiesn our examplearetyped(i.e. they have arestricted
domainandrange).ln Figure2, propertyper i od (line 15) is definedbetweerclasses
Man Made Obj ect (line 16) andPer i od (line 17), usingthe RDF Schemaprop-
ertiesr df s: domai n andr df s: r ange respectiely.

SummarizingRDF offersarich, comparatiely simplegraph-basedatamodeland
supportsthe definition of sourcespecificmetadatg RDF descriptionsland metadata
schematdRDF schemas).It usesXML for the syntacticalrepresentationexchange,
andprocessingf thesemetadata.

4 Ontologies

Thetermontolagy hasbeenusedin severaldisciplines from philosophyto knowledge
engineeringwhereanontologyis considere@dsacomputationaéntity, containingcon-
ceptsandtheir propertiesrelationshipdetweenconceptsandconstraints Ontologies



aredefinedindependenthof the actualdata[16], reflecta commonunderstandingf
thesemantic®f the domainof discourseandareusedto shareandexchangesemantic
informationbetweersourceq15, 33]. They aredeclaratve specification®f the basic
conceptandrolesin anapplicationdomain.We only considerontologieswith inheri-
tancerelations(isa) andtypedrolesbetweerconceptssuficientto modelalargeclass
of ontologieq17] thatcanbe easilyrepresentedsRDF schemagSection3.2).

Definition 5 Anontologyisatriple O = (C, R, isa) definedasfollows:

1. C ={c,ca,...,cn} is asetof conceptswhere ead concepte; refeis to a set
of real world objects(concepinstances),

2. R={ry,re,...,rn} isasetof binary typedrolesbetweerconcepts,

3. isa is a setof inheritancerelationshipsdefinedbetweerconcepts.Inheritance
relationshipscarry subsesemanticeanddefinea partial order over concepts.

Ontologiescanbe representedsdirectedgraphswherenodescorrespondo con-
ceptsandarcscorrespondo rolesandisa relationships Figure3 illustratesan exam-
ple ontology, inspiredfrom the ICOM/CIDOC ReferenceModel [19] which is used
to describeculturalinformation. ConceptPhysi cal Obj ect collectsall physical
objects thelattercomposeaf otherphysicalobjects.Activities (conceptAct i vi t y)
areassociatedvith physicalobjects the formerperformedby personsinstitutionsand
organizationgconceptAct or ). ConceptsBi ol ogi cal Obj ect andMan- Made
bj ect are sub-concept®f Physi cal Obj ect andinherit all roles definedin
their superclass.Instancesof Man- Made bj ect have atitle (role has-title and
have beencreatedn a specificperiod(role of-period. | conogr aphi ¢ Obj ect is
asub-concepbf Man- Made Obj ect . Iconographicmbjectshave a style (role style
whichis aninstanceof conceptSt yl e.

Act or )
is-composed-of

performed by Q
associated with

Activity —————= physical Object
P> < of-period

- S.UBA ﬁ Peri od
Bi ol ogi cal Obj ect Man- Made Obj ect
A has-title )
1V isA Title
I

I conographic hject — = Style
style

Figure3: A simpleculturalontology



6 Thesauri: Structured Vocalularies

A vocahularyis a collectionof termsthatdescribanformationin a domainof interest.
Examplesof suchvocahulariesarethe ACM ComputingClassificationSystenj2], the
Library of CongressSubjectHeadingg27], theUnifiedMedicalLanguaje Systeni39]
for medicineandthe Art & Architectuie Thesaurug38, 1] for the cultural domain.
Thesauriare structuredvocahulariesof thousand®of termswhich have andarebeing
usedasefficientmeandor consistentndexing andretrieval of information[14].

Thesaurugermsare consideredasthe “r epresentatiorof conceptsn the form of
a nounor a nounphrase” [20]. Conceptsare perceved by thesaurusievelopersas
referringcollectively to a setof objects(conceptinstance$[30] thatareconsideredhs
suchnot with respecto a formal classificationprocessbut througha commonagree-
ment. Under this perspectie, the interpretationof a thesaurugerm is a setof ob-
jects,which we will call the extensionof the term. Thesauriare saidto be structured
sincethey includea fixed setof semanticderm relationships.Dueto the settheoretic
definition of terms,thesesemanticrelationshipsare interpretedasrelationsbetween
sets[13, 21, 36).

ThelSO 2788Standard20] for thedocumentatiorandestablishmenof monolin-
gualthesauridefinesthe following four kinds of termrelationshipswhich distinguish
structuredhesaurifrom arbitrarycollectionsof terms:

1. genenlization(broadertermgeneric- btg),

2. instance(broaderterm- bt),

3. partitive or part-of (broaderterm partitive - btp),
4. associativgrelatedterm- rt) and

5. equivalencgusedfor term- uf).

Term relationshipshtg andbtp arecalledhierarchical. In this paperwe areonly
concernedvith btg relationship$ which carry subsetsemanticsandarethe mostfre-
guentlyusedhierarchicalrelationships.Btg-relationshipsaretransitive and organize
termswith similar semanticsnto directedacyclic graphs(DAG), referredto ashier-
archies or classificationschemes Two examplesof btg-hierarchiesareshown in Fig-
ures4 and5. For examplein Figure4, termpaintingsis abroadettermof oil paintings
with theinterpretatiorthatall objectsthatbelongto the extensionof thelatter, belong
alsoto the extensionof theformer. A hierarchyis definedby its rootterm atermwith
no broaderterm (<visual works> in Figure4). We only assumemono-hierarchical
thesaurij.e. eachtermhasexactly onebroaderterm.

In the following, we will considera thesaurusas a setof hierarchies,organized
usingthehierarchicabtg-relationship Althoughthedefinitionwe give is notcomplete
w.r.t. all possibletermrelationsexistingin realthesaurit is sufficientfor creatingrich
metadataschemata.

2Theinterestedreadercanreferto 1ISO 2788[20] for a deeperpresentatiorof the remainingterm rela-
tionships.



< visual works >
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I
< visual works by medium or technique >
B ///F\
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paintings sculpture drawings
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< paintings by material or technique > paintings by form >

~

oil paintings miniatures -=> broader term generic relationship

Figured: Partof the Art & ArchitectureThesaurusierarchyMisual Works which col-
lectsall artifactsthatareusedfor visualcommunicatior{paintings sculpturesphotos).

<styles and periods>
<styles and periods by region> < international post-194&tyles and movements >
M 0
| |
european < post-1945 fine arts styleend movements >
M N
| |
<european/\styles and periods> abstract impressionist
A
_ - | T~ a
- -7 ! Tt - <
<modern europeastyles and movements> Art Deco <renaissance baroqustyles and periods>
| |
| |
<modern european fine adtyles and movements > renaissance
TN TS
P A < P A <
impressionism ' post-impressionism early renaissancé  high renaissance
first-impressionism late renaissance
- = broader term generic relationship

Figure5: Partof the Art & ArchitectureThesauruhierarchyStyles& Periodswhich
collectsall styles,periodsandmovementf Art in thewesternworld.



Definition 7 Athesauruss a coupleZ = (D, btg) sud that
1. D = {t1,ts,...t,} isasetof terms,

2. btg is a binary relationshipbetweertermssud that for eac pair of terms(t,t")
there existsat mostonebtg-pathbetweert,t’ (mono-hiearchical thesaurus).

8 CreatingRDF Schemadr om Ontologiesand Thesauri

In this section,we presenta methodologyfor the constructionof RDF schemadased
ontheintegrationof ontologiesandthesaurusierarchiesTheconstructiorof anRDF
schemds donein threesteps.In afirst step,we specifyfor eachontologyconcepta
setof terms,thelatter consideredssub-conceptsf theformer. This stepis similarto
establishingnter-schemaassertiong8, 11] for databasechemantegrationandcan-
notbeacompletelyautomategrocessinceit requireshe knowledgeof thethesaurus
and ontology semantics. Neverthelesswe must note that this knowledge could be
partially derived from sourcedatawhenthesauriare usedto index conceptinstances.
In a second,intermediatestep, we extract automaticallyfor eachconcepta concept
thesaurus This thesaurusontainsonly the termsconnectedo this conceptby the
connectiorrelation,alongwith broadergenericrelationshipsderived from the initial
thesaurusThis procesanbedoneautomaticallyanddoesnot requiretheknowledge
of the ontology In thefinal stepwe integratethesethesauriwith the ontologyto pro-
ducean RDF schemaconsistingof (1) a structural view providedby the ontology; (2)
connectiorrelationsbetweerconceptandterms,and(3) thesaurusierarchies

Obsenrethatby theintermediatestepit is possibleo constructheresultingschema
incrementallyby extractingon demandconceptthesaurithat correspondo different
ontologyconcepts.Moreover, anotherbenefitof the separatiorof theintegrationinto
several stepsis that we are able to monitor the resultat any level of the integration
processLast,it isimportantto mentionthatour methodologys notrelatedto aspecific
implementatiomplatform.

8.1 Stepl: Specializationof Conceptswith Terms

In thefirst stepof theintegrationprocessthesaurusermsare“connected’to ontology
conceptsTheseconnectiondiave inclusionsemanticandarerepresentetdy a binary
connectiorrelationCon C T x C over asetof thesaurusermsT anda setof ontol-
ogy concept”. An exampleof a connectiorrelationis presentedn Figure6. Terms
impressionismpost-impessionisnandabstract impressionisnof the Art & Architec-
ture ThesaurudierarchyStyles& Periods(Figure5) describespecificstyles(ontology
conceptSt yl e in Figure3). Termfirst-impessionisnof the samehierarchydescribes
botha styleanda period(conceptsSt yl e andPer i od respectiely). Similarly, term
renaissancend its narraver termsof Styles& Periods hierarchydescribedifferent
typesof stylesandperiods(ontologyconceptsSt yl e andPer i od respectiely). Fi-
nally, termspaintings oil paintingsandsculptue of the AAT hierarchyVisual Works
(Figure 4) definedifferentkinds of iconographicobjects(ontology conceptl cono-
graphi ¢ Qbj ect).
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Term Concept Term Concept

impressionism Style paintings I conogr aphi ¢ bj ect
post-impessionism Style oil paintings I conogr aphi ¢ Obj ect
abstractimpressionism| Styl e sculptue I conogr aphi ¢ Obj ect
renaissance Style earlyrenaissance | Styl e

renaissance Peri od earlyrenaissance | Peri od

late renaissance Style highrenaissance | Styl e

late renaissance Peri od highrenaissance | Peri od
first-impiessionism Peri od first-impessionism| St yl e

Figure6: A connectionrelation Con for AAT hierarchiesStyles& Periods Msual
Worksandontologyconceptsst yl e, Per i od andl conogr aphi ¢ Obj ect .

In thefollowing we will saythat,if termt¢ is connectedo concept, it is labeledby
c. Theway theuseractuallylabelsterms(choosesonceptgo be connectedo a given
term)will not be discussedn this paperbecausef lack of space.Briefly speaking,
eitheronelabelst with someconceptc with the assumptiorthatall descendantsf ¢
areconnectedo (labeledwith) ¢ or onechoose®xplicitly amongthe descendantsf ¢.

In the previous example,we do not connectthe whole thesaurusierarchyStyles
& Periodsto conceptsSt yl e andPer i od. We adoptthis selectiveappmoad, i.e.
relatingthesaurusermsto ontologyconceptexplicitly, for severalreasonsAn ohbvi-
ousreasonis that sometermscould be out of the scopeof the applicationthat hasto
be describedy the resultingRDF schema.For example,if someapplicationis only
concernedwith paintings,thentermsreferringto artifactsotherthan paintings(e.g.
sculptue, drawing9 neednot be consideredn the resultingschema.Anotherreason
is that someterms(e.g. guidetermsin [20, 38]) are usedto organizethesaurushi-
erarchieqe.g. <visualworksby mediumor technique>) andmight have no usefor
describinginformation. Finally, anothelimportantreasonis thatthesaurusierarchies
might containtermswhich canbe connectedo differentconceptsFor example,terms
of the AAT hierarchyStyles& Periods(Figure5) describestyles(e.g.impressionisn
periods(e.g.art decq, or bothstylesandperiods(e.g.renaissance Connectingerms
to conceptdn a selectve mannerallows usersto clarify betweerthe multiple seman-
tics of aterm (e.g. asin the caseof homonympsand consequentlyesole semantic
ambiguitiesatthethesaurugevel.

8.2 Step2: ThesaurusExtraction

After having definedthe connectiorrelationsbetweertermsandconceptswe extract
for eachconcepin theconnectiorrelation,athesaurusgalledconcepthesaurusThis
is donein two steps First, eachtermin thesaurug is labeledby theconceptso which
it is connectedn the relationCon. Obsene thata term canbe connectedo several
conceptsj.e. termlabelsare setsof conceptnames.For example,in the connection
relationillustratedin Figure6, term first-impiessionisnis connectedo both St yl e
andPer i od concepts.In this case thelabelof termfirst-impessionisnis the setof
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conceptgStyl e, Period}.

Secondwe definea selectionoperations thatconstructsrom alabeledthesaurus
7T, anda setof conceptnamesS a new labeledthesaurughat contains(1) the setof
termsin 7, whoselabelscontainatleastoneconcepin S and(2) btg relationsbetween
theseterms,inducedby the btg relationsin theinitial thesaurusMore precisely:

Definition 9 Let7, = (D, btg) bealabeledthesaurusvhere ead termis labeledby
a (possiblyempty)setof concepts A : D — 2°. Let S bea setof concepmames.
Theselections (9, 7,) createsa new thesaurusasfollows:

1. keepall termst of 7, which are labeledby at least one conceptnamein S
(SN A®) #0),

2. createbtg relationsbetweersll termst andt’ in o (.5, 7)) which are relatedby
a btg pathin 7, thatcontainsnotermin o(S,7y).

A naive algorithmcalculatings (S, 7,,) is shavn in AppendixA. Sinceos(S,7,)
can be evaluatedwithout the knowledge of the underlyingontology, this algorithm
canbe executedon the thesaurussite without accessingnformationfrom the ontol-
ogy. Thispropertyis usefulin adistributedervironmentwherethesaurandontologies
might be storedon differentsites.

Using this selectionoperationit is possibleto definea labeledthesauruszy for
eachconcepte in the setof ontologyconcept< asfollows:

Definition 10 Let 7, = (D, btg) be a labeledthesaurus. Let ¢ be a conceptand
S, be the setof sub-concept®f ¢ in C including c. Then,we can definea labeled
conceptthesaurugy = o(S., 7)) which containsall termsconnectedin Con) to ¢
or a sub-conceptf c.

For the definition of a conceptthesaurusve exploit not only the btg relationsbe-
tweenthe termsbut alsotheisa relationshipsat the ontologylevel. Considerthe ex-
amplein Figure7. Termw is labeledby conceptd, termt by ¢ andw by e. The
selectionoperationon conceptc will constructthe thesaurug? thatcontainsbesides
termt, termsv andw thatarelabeledby its sub-conceptsObsenre alsothata term
canappeain multiple concepthesauriandtermsthatarenotlabeledby ary concept
have disappearedrom the conceptthesauri.For example,term is not connectedo
ary conceptandhasdisappeareffom the conceptthesaurin Figure7. Moreover, the
selectionoperationon concepte createda btg relationbetweentermsw andt¢ which
werenotdirectly relatedin theoriginal thesaurus.

Eachconcepthesauruganbe extractedindependentlyandcontainsonly a subset
of thetermsdefinedin theconnectiorrelation. Thismeanghatthe sizeof theextracted
thesauris boundby the numberof termsin the connectiorrelationandis independent
of thesizeof theoriginal thesaurus.

At this point, we shouldmentionthata conceptthesauruganbeinducedby those
of its superconcepts. For example,if d is a sub-concepof ¢, and 7y is the con-
ceptthesauruof ¢, then the conceptthesauruf d can be extractedas follows :
T3 = 0(S8q,7¥). In the previous example,only conceptthesaurusZy of concepte
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Figure7: ExtractedThesaurug&xamples.

hasto be extractedfrom the original thesauru,. All thesauricorrespondingo sub-
conceptof ¢ mightthenbe createcon demandduringthe creationof the RDF schema
(Section10.1).

10.1 Creationof the RDF Schema

In this sectionwe will presentiow the RDF schemads constructeaut of a setof con-
ceptthesauri This schemawill incorporatethe setof ontolagy conceptsandroles
theconcepthesauridefinedfor eachontologyconceptandconnectionbetweerterms
and concepts.In short, ontology conceptsand thesaurugermsare modeledas RDF
classesontologyrolesasRDF properties Ontologyisa relationshipsconnectiorre-
lationsbetweertermsandconceptsandbtg relationsbetweertermsall carryinclusion
semanticandaremodeledwith the RDF subclassOproperty

The creationof the RDF schemasS for anontologyO = (C, R,isa), anda setof
concepthesauri7 = (D, btg) is straightforvard:

1. Thesetof RDF classesn S is obtainedasfollows:

(a) for eachontologyconceptc defineRDF classc,
(b) for eachtermt in 7y* defineRDFclassc: t ,

2. Thesetof RDF propertiesis obtainedby definingfor eachtypedrole r(c, d) in
R anRDF propertywith domai n RDF classc andr ange RDF classd.

3. Thesetof RDFsubcl assOF propertieds obtainedasfollows:

(a) for eachisa(c, d) relationshipbetweerontologyconcepts: andd definean
RDFsubcl assOF propertybetweerRDF classex andd.
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(b) for eachRDFclassc: t , correspondingo aroottermin thesaurugy¢, add
anRDFsubcl assO propertybetweerRDF classe: t andc.

(c) for eachbtg relation betweentwo termst andt' in a conceptthesaurus
77, defineanRDF subcl assOF propertybetweerRDF classes: t and
c:t’.

It is interestingto notethatwe connecionly theroottermof eachconcepthesauruso
the correspondingoncept.Dueto the transitivity of the RDF subclassOproperty it
canbeinducedthatatermt is asubclassO&notherterm¢ or a concepte.

The RDF schemaillustratedin Figure 8 hasbeenconstructedrom the ontology
in Figure 3, the thesauruglassificationschemesn Figures4, 5, andthe connection
relationin Figure6.

Ontologyconceptdvan Made Obj ect, | conographi ¢ oj ect, Styl e, Pe-
ri od andtermsoil paintings paintings impressionisnandfirst-impessionisnareall
representeés RDF classeqlines5, 7, 9, 11, 21, 23). For simplification,we only
prefix termswith the correspondingonceptf they arecontainedn differentconcept
thesauri.RDF classpai nt i ngs is definedasa subclas®of classl conogr aphi ¢
bj ect (line 22), sinceterm paintingsis the root term of | conogr aphi ¢ Cb-

j ect conceptthesaurus.In the sameway, classes npr essi oni smandfi r st -

i mpr essi oni smaredefinedassubclassesf conceptsSt yl e andPer i od respec-
tively (lines 26, 28). Classoi | pai nti ngs is a subclasf classpai nti ngs
(line 24) (definedby the btg-relationsbetweertermoil paintingsandterm paintings.
Ontologyrole stylg is definedasan RDF property its domainbeingtheclassl cono-
graphi c Obj ect (line 19) andits rangeclassSt yl e (line 20). By definition
of the subclassOproperty all subclassesf | conogr aphi ¢ Obj ect inherit this
property

Usingthis RDF schemapnecanprovide RDF descriptionsaboutspecificwebre-
sources. For example,a new RDF descriptionfor the sourcedescribedn Figure 1
is shavn in Figure 9. Whencomparingthis newv descriptionwith the previous one,
onecanobsene that we have replacednamespacarti f act by a new namespace
i nt which correspondgo the RDF schemain Figure 8. In this RDF description,
semanticinformation that was capturedas a value in the previous descriptionhas
beenaddedat the schemalevel. For example,the fact that the resourcedescribed
an impressionistpainting was encodedn the value of tag <arti fact: styl e>.
This value correspondsn fact to a term in the AAT and is representeds an in-
stanceof classi nt : i npr essi oni sm(line 11) in the new schema. The same
argumentholdsfor the valuefirst-impressionismwhich is now representeésan in-
stanceof RDF classi nt: first-inpressioni sm(line 12). Obsenre also (tag
<rdf: Descri ption>) (Figurel, line 7), hasbeenreplacedby a typednodetag
<int:oil paintings> (line 8) indicatingthatthe describedresources an oil
painting.

14



1. <rdf:RDF xm ns:rdf ="http://ww. w3. org/ 1999/ 02/ 22-r df -
synt ax- ns#"

2. xm ns: rdf s="http://ww. w3. org/ TR/ 1999/ PR- r df -
schenma- 19990303#"
3 xm ns:int="">

4, <rdfs:d ass rdf: 1 D="Physical Object"></rdfs:Cl ass>
5. <rdfs: d ass rdf:|D="Man- Made Object">

6. <rdf s: subcl assO rdf:resource="#Physical Ob-
ject"/></rdfs: C ass>

7. <rdfs:d ass rdf:I1D="Iconographic Object">

8. <rdf s: subcl assO rdf:resource="#Man- Made b-
ject"/></rdfs:  ass>

9. <rdfs:d ass rdf:1D="Period"></rdfs: C ass>

10. <rdfs:dass rdf:ID="Title"></rdfs: C ass>

11. <rdfs:dass rdf:ID="Style"></rdfs: C ass>

12. <rdf:Property rdf:|D="of -period">

13. <rdf s: domai n rdf:resource="#Man Made Object"/>

14. <rdfs:range rdf:resource="#Period"/></rdf:Property>
15. <rdf:Property rdf: I D="title">

16. <rdfs: domai n rdf:resource="#Man Made Object"/>

17. <rdfs:range rdf:resource="#Title"/></rdf:Property>
18. <rdf:Property rdf:I1D="style">

19. <rdf s: domai n rdf:resource="#l conographic hject"/>
20. <rdfs:range rdf:resource="#Style"/></rdf:Property>
21. <rdfs:C ass rdf:ID="paintings">

22. <rdfs:subclassOf rdf:resource="#l conographic Ob-

ject"/></rdfs: C ass>
23. <rdfs:dass rdf:I1D="0il paintings">

24. <rdfs:subclassOf rdf:resource="#paintings"/></rdfs: d ass>
25. <rdfs:d ass rdf: | D="i npressionisni>

26. <rdfs:subclassO rdf:resource="#Style"/></rdfs: C ass>

27. <rdfs:Class rdf:ID="first-inpressionisn>

28. <rdfs:subclassOf rdf:resource="#Period"/></rdfs: d ass>

29. </rdf: RDF>

Figure 8: The RDF schemaresultingfrom the integration of the ontology and the-
saurus.
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1. <rdf:RDF

2. xm ns:web-page ="http://metal ab. unc. edu/ | ouvr e/ nanespaces/ web-
pages"”

3. xmns:int ="http://ww. connectit.conliconfaat">

4. <rdf:Description

5. about ="http:// metal ab. unc. edu/ | ouvr e/ pai nt/ monet/first/hi ghway/">
6. <web- page:titl e>Web Museum Monet, d aude :|npres-
sion :
soleil lev-
ant </ web- page: title>
7. <web- page: pr esent s>
8. <int:oil paintings
9. about =" http:// netal ab. unc. edu/ | ouvr e/ pai nti ngs/ nonet/i npressi on">
10. <int:title>lnpression : soleil levant</int:title>
11. <int:style><int:inpressionisnm></int:style>
12. <int:of-period><int:first-inpressionisn >
13 </int:of -period>
14. </int:oil paintings>
15. </ web- page: present s>
16. <web- page: cr eat or >Ni col as Pi och</web- page: creat or>

17. </rdf:Description>
18. </ r df : RDF>

Figure9: RDF descriptionfor ClaudeMonetpaintingusingthe integratedschema.
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11 Conclusionsand Futur e Work

In this paperwe have presenteéd modular componenbasecdhpproacho theconstruc-
tion of RDF schemadasedn theintegrationof ontologiesandthesaurusierarchies.
Ourexamplesweretakenfrom the culturalapplicationdomain,however the presented
approacttanalsobe appliedto othersemanticallyrich scientific(e.g. medicine biol-
ogy or chemistry)or electroniccommercee.g. electroniccatalogue ppplications.

An interestingssueconcernghespecificatiorof theconnectiorrelation.Whereas,
thisrelationcanbe specifiedmanuallyfor alimited numberof termsandconceptsits
creationgetscumbersomahenthenumberof connectedermsandconceptsncreases.
Therearetwo possiblesolutionsto this problem.First,asalreadymentionedthesaurus
termsare usedfor indexing documentsand otheractualdata. The existenceof these
termsat the datalevel might thenbe exploited for the automaticcreationof the con-
nectionrelationby usingdatamining techniques.The secondsolutionconsistsn the
definition of a querylanguagefor thesauriwhich allows to extract setsof termsby
simpledeclaratve queries(e.g. pathexpressions)In this way, the connectiorrelation
canberepresente@dsa conceptualiew on the thesaurusvhereconceptsare defined
by termqueries.

The resulting RDF schemacan be perceved asthe domainmodelin mediation
basedsystemssuchasinformationManifold andSIMS andit playsanessentiatolein
achievzing semantidnteropemability betweerthe sourcesThis domainmodelprovides
a uniform view of informationin the domainof discourse Usersposequeriesagainst
this modelandinformationsourcesexport their contentdescriptionsasviews on this
model. Thesourcedescriptionsareusedby mediatorgo identify thesetof relevantin-
formationsourceaith respecto auserquery We intendto apply our approactto the
definitionof semanticallyrich domainmodelsin the context of the Artemisproject[3],
which proposesa flexible framework for the definition of cultural mediators. In the
sameapplicationcontext, we considerthat an importantissueis the exploitation of
therelatedterm (synorym) relationfor queryrewriting and conceptsubsumption.n
this direction,we intendto studymorethoroughlythe integrationof multilingual the-
sauri andthe exploitation of inter-thesauruselationsfor creatingmulti-lingual RDF
schemasSuchschemasganbeusedeffectivelyin thecontext of queryingmulti-lingual
informationsources.

A first prototypeis currentlyunderimplementationWe have alreadyimplemented
aloaderof RDF descriptionsnto the O, object-orientedlatabasenanagemergystem
of ArdentSoftwareusingthe SIRFAC [37] RDF parserto parseRDF document¢RDF
schemasnddescriptions) The next stepis to provide toolsfor specifyingthe connec-
tion relationandcreateconcepthesauri.Finally, we wantto provide a queryinterface
basedon OQL for selectingresourcesccordingo their descriptions.
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A A Naive Algorithm for ThesaurusExtraction

Input:

Output:
Procedure

create_btg(r,t) :

(1) setof conceptsS

(i2) athesaurug = (T, btg)
(i3) alabelingfunction A

(i4) asetof roottermsR in T
(ol)athesaurus (7))

Ts :=0; btgs :=0
for all termsr in R
for all narrow termst of r
create_btg(r,t)

ifA(r)NS =0
u=t
else
addr to Ts
ifAXE)NS#D
addt to T's
add(t,r) to btgs
u=t
else
u=r
for all narrawv termst’ of ¢
create_btg(u,t')
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