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Abstract

In thispaperwepresentanew approachfor building metadataschemasby inte-
gratingexistingontologiesandstructuredvocabularies(thesauri).This integration
is basedonthespecificationof inclusionrelationshipsbetweenthesaurustermsand
ontologyconceptsandresultsin application-specificmetadataschemasincorporat-
ing thestructuralviewsof ontologiesandthedeepclassificationschemesprovided
by thesauri.We will alsoshow how the resultof this integrationcanbe usedfor
RDF schemacreationandmetadataquerying. In our context, (metadata)queries
exploit the inclusionsemanticsof term relationships,which introducessomere-
cursion. We will presenta fairly simpledatabase-orientedsolutionfor querying
suchmetadatawhich avoids a (recursive) tree traversaland is basedon a linear
encodingof thesaurushierarchies.

Keywords : Ontologies,Thesauri,DomainModel,MetadataQuerying,Mediation

1 Introduction

In openandevolving environmentssuchas the World Wide Web, discovering, inte-
gratingandaccessinginformationaredifficult andcomplex tasksdueto thesemantic
heterogeneities[30] resultingfrom thedifferentterminologiesandconceptualizations
employedby thevariousinformationprovidersandconsumers.

Providing accessto heterogeneousand distributed databasesthrough integrated
views hasbeenstudiedfrom the early 80’s [6]. A large numberof papersexist on
the integrationof distributeddatabasesand[36, 46, 43] arecomprehensivestudieson
the topic. However suchapproachesfor dataintegrationarenot appropriateanymore
for new applicationsbasedon theintegrationof a largenumberof Webresourcesthat
arenot necessarilystronglystructuredor havea structurewhich is not fully available.

New approachesto this issuehavebeenproposedin thepasttenyears.All of these
arebasedon a three-tierarchitecture,whereapplicationsaccesswrappedinformation
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sourcesvia mediators. In this paper, we focus on mediationmodelsbasedon the
creationand exchangeof semanticmetadata[32] describingthe contentsof shared
Webresourcesin termsof acommondomainspecificvocabularyor metadataschema.

A metadataschemaorganizesinformationwithin a domainof interestandis de-
finedby acommunityof peoplewhowantto providetoolsfor describingandquerying
resourceswithin thisdomain.Moreprecisely, ametadataschemais comprisedof (1) a
vocabulary, i.e.asetof elementnamesto beusedfor thedescriptionof informationin a
domain(e.g.thecreator, title elementsof theDublin Coremetadataelementset[18]),
and(2) a setof semanticrelationshipsfor informationstructuring.We first presenta
modularapproachfor thecreationof metadataschemasbasedon theintegrationof ex-
istingontologiesandthesaurushierarchiesdefinedaccordingto theISO2788standard
for monolingualthesauri[31].

Eachnew sourceis addedin thesystemby providing to themediatorits description.
More precisely, a source descriptionexpressesthe contentsand the semanticsof a
sourcein termsof the metadataschema.For describingsources,a knowledge-base
approachis often advocated. Information Manifold [3], PICSEL [26] are examples
of suchsystems,basedon DescriptionLogics to representthe metadataschemaand
the source descriptions. In this paper, we proposea databaseapproachwith limited
expressive power comparedto thatof the above knowledge-basedsystemsbut which
is moreefficient in thecontext of largesizemetadataschemas.We advocatethat it is
possibleto efficiently implementtheselectionof sourcesaccordingto theirdescriptions
includingthenecessaryreasoningmechanismsby usingstandarddatabasetechnology.

1.1 Integrating ontologies and thesauri

Ontologiesandthesauricanbeconsideredasorthogonalwaysfor describinginforma-
tion. Ontologiesaredeclarativespecificationsof theconceptsandrolesin adomainof
discourse,andprovide structural,sharableviews of information. Thesauriarestruc-
turedvocabularies(collectionsof terms),with rich semanticsbut restrictedstructural
relationships.For example,althoughthe Art & Architecture Thesaurus(AAT)1, one
of the largestthesauriin the field of westernart terminology, includesextendedtax-
onomiesof cultural artifactsandstyles,thereis no explicit relationshipdenotingthe
fact thatartifactshave a style. In our context, ontologiesareperceivedto have a dual
role : provideagenericview of informationandastructuralinterfaceover thesauri.

We follow a two-stepapproachto theconstructionof metadataschemas.In a first
step,we specify for eachontologyconcepta setof thesaurusterms. The result is a
connectionrelation betweentermsand conceptscarrying inclusion semantics. In a
secondstep,a conceptthesaurusis extractedautomaticallyfor eachconcept. This
thesauruscontainsthetermsconnectedto theconceptin theconnectionrelation,along
with hierarchical termrelationshipsderivedfrom theinitial thesaurus.Theintegration
of thesethesauriwith the ontology producesa metadataschemaconsistingof (1) a
structural view provided by the ontology, (2) connectionrelationsbetweenconcepts
andterms,and(3) thesaurushierarchies.

1http://www.ahip.getty.edu/vocabulary/aat intro.html
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Theresultof this integrationis a conceptualmetadataschemathatcanbeusedfor
severalpurposes.

1.2 Creating RDF schemas

The first applicationof our integrationprocessis the creationof RDF [9] metadata
schemas.The Resource DescriptionFramework (RDF) is a metadataspecification
languagethatsupportsstandardmechanismsfor the representationof metadatasche-
masaswell assourcespecificmetadata(sourcedescriptions).

WhereasRDF is very useful for the representationof metadatain the form of
XML documents,it doesnot provide any methodologyfor the constructionof meta-
dataschemas,which is a difficult andtime consumingtaskespeciallyin environments
thatcomprisealargenumberof informationsources.Moreover, RDFoffersnomecha-
nismto decidewhetheraparticularmetadataschemameetstheneedsof anapplication
or domain. Our integrationmodelcanbe consideredasa possiblemethodologyfor
creatingcomplex RDF schemasby usingexisting semanticcomponents(ontologies,
thesauri)thatdescribetheorganizationof informationwithin adomainof discourse.

1.3 Source description and discovery

The secondapplicationof the resultingmetadataschemadiscussedin this paperis
(Web)resourcedescriptionanddiscovery. In our context, a Webresourcecanbeany-
thing that is identifiedby a URL, i.e. a sitecontaininga collectionof documentswith
homogeneousor heterogeneousstructure,a singledocumentor a fragmentof a docu-
ment,an image. In this paper, we proposeanefficient solutionwherea setof source
descriptionsis viewedasa databasethat canbe queriedfor sourceaddresses.In our
context, efficiency is importantbecauseof thehugesizeof our metadataschemas(re-
sulting from the large numberof termsin the integratedthesauri)comparedto tradi-
tionalmetadataschemasusedin mediatorbasedsystems.

To illustrateourapproach,we takeexamplesfrom theculturalapplicationdomain.
Thesaurusexamplesaretaken from the Art & Architecture Thesaurus(AAT), oneof
the Getty Information Institute’s2 ongoingprojectsandknown asoneof the largest
thesauriin the areaof westernart historical terminology. Ontologyexamplesarein-
spiredfrom the ICOM/CIDOCReferenceModel [19] which is theresultof oneof the
mostsignificantefforts for a formal representationof thebasicnotionsof thecultural
applicationdomain.

Thispaperis organizedasfollows.After having discussedrelatedwork (Section2),
wesuccessively presentin Section3, thenotionsof ontologyandthesaurusandourap-
proachto theautomaticconstructionof metadataschemasby integratingthoseseman-
tic components.In thesamesection,wewill alsodescribeastraightforwardtranslation
of the resultingmetadataschemainto an RDF schema.Section4 definesa resource
descriptionmodelfor describingandqueryingWebresourcesbasedon our integrated
metadataschema.An implementationof thisdescriptionmodelwith astandardobject-

2http://www.gii.getty.edu/
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orienteddatabasesystemis presentedin Section5. Futurework is discussedin Sec-
tion 6.

2 Related Work

2.1 Search Engines

Within openandevolving environmentssuchastheWeb, full text andkeyword based
search enginesimplementan easyandratherefficient accessto the underlyingdata
sources.SearchenginessuchasAltavista3 andYahoo4 provide enhancedsearchca-
pabilitiesthroughtheclassificationof Webresources(URLs) into hierarchicallyorga-
nizedinformationcategories. Userscanrestrictthe searchspaceof a keyword query
by choosingsomespecificdomainof interestin form of acategory from thehierarchy,
but cannotrepresentmoresophisticated(e.g.structured)queries.

2.2 Mediation systems

Mediation systems[50] provide more flexible and powerful tools for integrating
sources.Theideais to establishappropriatemappingsbetweenthesourcestructureand
themediator’sview. Thesemappingsareusedto selectsourcesandrewrite userqueries
into severalsourcequeries.Up to date,thereexist two mainapproachesusedin medi-
ationbasedsystems.In thefirst category, sourceintegrationis basedon theglobal as
view approachwhich relieson a flexible (semi-structured)datamodelto defineglobal
mediatorviewsondifferentsources.Thedatamodelandmappinglanguageareableto
representandintegratedatacomingfrom heterogeneousstructuredandsemi-structured
sources.Representativesystemsin this categoryareTSIMMIS [11, 24], YAT [13, 16]
andMIX [5]. Thesecondis basedon the local asview approachwhereeachsourceis
describedindependentlyasa localview onthemediatordomainmodelwhichcaptures
the basicvocabulary of a certaindomain,expressedin somedatabaseor knowledge-
baseformalism(e.g.DescriptionLogics [7]). InformationManifold [3], SIMS [12],
PICSEL[26], Infomaster[25] andDISCO[49] arebasicexamplesof suchsystems.

An importantpartof the researchhasbeendirectedtowardstheuseof ontologies
as mediatordomainmodels. One of the first systemsto follow this approachwas
Carnot[17] that usesthe CYC [35] knowledgebasefor describingsourcecontents.
The CYC ontologycontainsabout

�����
generalconceptsand

�����
assertionson these

concepts.An informationsourceis integratedin Carnotby providing mappingrules
betweenthesourcestructuresandCYC structuresin theform of articulation axioms.
Userqueriesareformulatedusingthe CYC structures,which arethentranslatedinto
local structuresthroughtheestablishedmappingrules.

Similar to Carnot, OBSERVER [37] and its later version InfoQuilt5 use a
knowledge-baseapproachbasedon the CLASSIC descriptionlogics [8] to provide

3http://www.altavista.com
4http://www.yahoo.com
5http://lsdis.cs.uga.edu/proj/iq/iq.html
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accessto heterogeneoussources.Eachinformationsourceis describedby a source-
specificontologyandinteroperationis achievedthroughinter-ontologyrelationships.

2.3 Annotation systems

Documentannotationsystemsconstituteadifferentway to informationintegrationand
queryingon theWeb. Dataintegrationis obtainedby annotatingWebdocumentswith
semantictagsoriginatingfrom ontologiesthat explicitly capturethe semanticsof the
documentcontents.

SHOE[29] (SimpleHTML OntologicalExtensions)extendsthe HTML element
setwith new elementtypesderived from applicationspecificontologies. In orderto
be able to query Web documentsaccordingto their annotations,the SHOE crawler
gathersandstoresthe annotationsof HTML pagesin a knowledgebase(Parka)that
canbequeriedvia first orderconjunctivequeries.

Ontobroker [21] consistsof toolsthatenhancequeryaccessandinferenceservices
for Webdocuments.Similar to SHOE,HTML pagesareannotatedby elementtagsde-
rivedfrom applicationspecificontologiesdefinedby usinga logicalobjectmodelwith
inferencerulesbasedon F-Logic. As in SHOE,annotatedHTML pagesaregathered,
annotationsareextractedandstoredin Ontobrokerknowledgebasethatcanbequeried
with a powerful logical querylanguage.

OntoSeek[28] supportscontent-basedaccessto the Web, designedfor informa-
tion retrieval from on-line yellow pagesand productcatalogs. OntoSeekcombines
an ontologydriven contentmatchingfacility with a moderatelyexpressive represen-
tation formalism. In OntoSeekthe ontology incorporatedis Sensus [33] basedon
WordNet[40] linguistic ontologies.Resourcedescriptionsarearbitrarylinguistic ex-
pressions(sentences)whichareencodedaslinguisticconceptualgraphsusingthepre-
viously mentionedontologies. The bottleneckof this approachis that the semantics
obtainedby a linguistic analysisof a descriptionmight not correspondto the initial
semanticsdefinedby its author. Moreover, Sensuscontentsdo not oftencorrespondto
real world relationshipsbetweenclassesof entitiesin the world, makingdifficult the
preciseencodingof information.

Quest[4] wasdesignedandimplementedfor queryingandmanipulatingdocuments
written in the OHTML [34] markuplanguage.OHTML supportsfine granularityse-
mantictaggingof HTML pages.In contratsto the previoussystemsthat requireex-
tensionsof the HTML tags,annotationsare encodedas HTML commentswith no
incidenceon theactualstructureof theHTML page.OHTML annotationsareviewed
asOEM [42] objects,expressedin textual form within an HTML page. Questuses
theW3Lorel querylanguage,basedon theLorel [2] languageto querythe OEM ob-
jects (semanticview), aswell as the hypertext view (HTML tags)of the document.
Following this semi-structuredapproach,Questallows for arbitrarytaggingof HTML
pages,offering a flexibility to the useron the choiceof semantictags. On the other
hand,it introducesa certaindegreeof semanticambiguityallowing userswithin the
samecommunityto annotate,usingdifferentterminologies,closelyrelateddocument
contents.
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2.4 Metadata vocabularies

Over the pastyearsa greatamountof effort hasbeeninvestedin the developmentof
metadatavocabulariesfor theexchangeof informationacrossdifferentapplicationsand
domains.Dublin Core6 contributesto semanticinteroperabilityby promotinga com-
monsetof elementswhich canbeusedto describein a consistentmannerinformation
concerningthecontentsof electronicdocuments,suchastheir title, creator, or subject.
USMARC7 definesa setof descriptive elementsfor the representationandexchange
of bibliographicdata.In theculturaldomain,theAquarelleProject[39] usestheXML
CI DTD (DocumentTypeDefinition) of theFrenchMinistry of Culture8 to describea
setof elementnames,dedicatedto territory inventorymaking.All theabovemetadata
elementsetsarethe resultof the collaborationof a numberof usercommunitiesand
otherauthoritiesin thecorrespondingfields.

2.5 Contribution

Our contribution is twofold. First theproposedintegrationof ontologiesandthesauri
canbe consideredasa methodologyto constructannotationandmediationschemas
by (re-)usingexisting semanticcomponentsin a domainof interest.This leadsto ef-
ficient andscalablemediatordesignsfor integratingandaccessingsourceswithin a
domainof interest.Thesecondcontribution is a fairly simpledatabase-orientedsolu-
tion for queryingmetadata,whichavoidsrecursivetreetraversalson thesauribasedon
alinearencodingof thesaurushierarchies.Whereastheexpressivepowerof sourcede-
scriptionsis limited comparedto morepowerful knowledge-basedmediatorsystems,
metadataqueryevaluationcanbeimplementedin a veryefficientway.

3 Integrating Ontologies and Thesauri

3.1 Ontologies

Thetermontologyhasbeenusedin severaldisciplines,from philosophy, to knowledge
engineering,whereanontologyis comprisedof concepts, conceptproperties, relation-
shipsbetweenconceptsandconstraints. Ontologiesaredefinedindependentlyfrom
the actualdata[27], reflecta commonunderstandingof the semanticsof the domain
of discourseandareusedto shareandexchangeinformationbetweensources.They
aredeclarativespecificationsof thebasicnotionsin adomain.In thefieldsof informa-
tion systemsanddatabasesystems,anontologywould berepresentedby a conceptual
schema.In our context, we considerontologieswith inheritancerelations ���
	��� and
typedrolesbetweenconcepts, sufficient to modela largeclassof applicationsthatcan
beeasilyrepresentedasRDFschemas(Section3.4).

1 Anontology is a triple ����������������	��� definedasfollows:

6http://purl.oclc.org/dc/
7http://lcweb.loc.gov/marc/marc.html
8http://aquarelle.inria.fr/Inventaire
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1. ������ �!#"$ &%'")(�()(&"* &+-, is a setof concepts,where each concept &. refers to a set
of objects(conceptinstances),

2. /0�0��12!#"31�%'")(�()()"$1�45, is a setof binary typedrolesbetweenconcepts,

3. 6�7�8 is a setof inheritancerelationshipsdefinedbetweenconcepts.Inheritance
relationshipsdefinea partial orderoverconceptsandcarry subsetsemantics.

Ontologiescanberepresentedaslabeleddirectedgraphswherenodescorrespond
to conceptsandarcscorrespondto rolesand 6�7�8 relationships.Figure1 illustratesan
exampleontology, inspiredfrom the ICOM/CIDOC ReferenceModel [19] which is
usedto describecultural information. ConceptPhysical Object collectsall physical
objects,the latter composedof other physicalobjects. Activities (conceptActivity)
areassociatedwith physicalobjects,theformerperformedbypersons,institutionsand
organizations(conceptActor). ConceptsBiological Object andMan-Made Object
aresub-conceptsof Physical Object andinheritall rolesdefinedin theirsuperconcept.
Instancesof Man-Made Object have a title (role has-title) instanceof conceptTitle
andhavebeencreatedin aspecificperiod(roleof-period, instanceof conceptPeriod).
Iconographic Object is a sub-conceptof Man-Made Object. Iconographicobjects
havea style(rolestyle), instanceof conceptStyle.

Iconographic Object

Title

Style

Physical Object

Actor
is-composed-of

isA

isA

performed by

Biological Object Man-Made Object

Period
of-periodisA

has-title

style

Activity
associated with

Figure1: A simpleculturalontology.

3.2 Thesauri : Structured Vocabularies

A vocabulary is a collectionof termsthatdescribeinformationin a domainof interest.
Examplesof suchvocabulariesare the ACM ComputingClassificationSystem9, the
Library of CongressSubjectHeadings10, theUnifiedMedicalLanguageSystem11 and

9http://www.iicm.edu:8080/jucs classification
10http://www.grci.com/services/library/libcongress/index.shtml
11http://gmedserv.nlm.nih.gov/research/umls
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the Art & Architecture Thesaurus12 in the cultural domain. Thesauriare structured
vocabulariesof thousandsof termswhich areusedasefficient meansfor consistent
indexingandretrieval of information.

Thesaurustermsareconsideredasthe representationof conceptsin the form of a
nounor a nounphrase.Conceptsareperceived by thesaurusdevelopersasreferring
collectively to a setof objects(conceptinstances) [38] thatareconsideredassuchnot
with respectto aformalclassificationprocessbut throughacommonagreement.Under
thisperspective,theinterpretationof a thesaurustermis asetof objects,whichwecall
theextensionof theterm. Thesauriaresaidto bestructuredsincethey includea fixed
setof semanticterm relationships.Due to the settheoreticdefinition of terms,these
semanticrelationshipsareinterpretedasrelationsbetweensets[20, 47].

TheISO 2788Standard[31] for thedocumentationandestablishmentof monolin-
gual thesauridefinesthe following four kindsof termrelationshipswhich distinguish
structuredthesaurifrom arbitrarycollectionsof terms:

1. generalization(broadertermgeneric- btg),

2. instance(broaderterm- bt),

3. partitiveor part-of (broadertermpartitive - btp),

4. associative(relatedterm- rt) and

5. equivalence(usedfor term- uf).

Term relationships9;:�< and 9=:?> arecalledhierarchical. In this paperwe areonly
concernedwith 9;:�< relationships13 which carrysubsetsemanticsandarethemostfre-
quentlyusedhierarchicalrelationships.Nevertheless,our approachcaneasilybe ex-
tendedwith equivalencerelationships: equivalent termsgenerallyplay the role of
synonyms. In our approacha term (or descriptor)canbe consideredasa canonical
namefor theequivalenceclassdefinedby theequivalencerelationship.

9;:�< -relationshipsare transitiveandorganizetermswith similar semanticsinto di-
rectedacyclicgraphs(DAG), referredto ashierarchies, or classificationschemes. Two
examplesof 9;:�< -hierarchiesareshown in Figures2 and3. For examplein Figure2,
term paintingsis broaderthanoil paintings, with the interpretationthat oil-paintings
arepaintings.A thesaurushierarchyis definedby its root term, a termwith nobroader
term(e.g. @ visualworksA in Figure2). We assumemono-hierarchical thesauriwhich
canberepresentedby a forestof hierarchieswhereeachtermhasexactly onebroader
term.

Althoughthedefinitionwegiveis notcompletew.r.t. all possibletermrelationships
existing in realthesauriit is sufficient for creatingrich metadataschemata.

2 A thesaurusis a coupleBDCFEHGJI*9=:�<�K such that

1. GLCFM�:$N#I3:�OPI�Q)Q�Q�:�RTS is a setof terms,

2. 9=:�< definesa partial orderingin G whereeach termhasat mostonepredecessor.

12http://www.ahip.getty.edu/vocabulary/aat intro.html
13The interestedreadercanrefer to ISO 2788[31] for a deeperpresentationof the remainingtermrela-

tionships.
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< visual works >

< visual works by medium or technique >

paintings sculpture drawings

< paintings by material or technique >< paintings by form >

oil paintings miniatures

broader term generic relationship 

Figure2: Part of theArt & Architecture ThesaurushierarchyVisual Workswhich col-
lectsall artifactsthatareusedfor visualcommunication(paintings,sculptures,photos).

< international post-1945<styles and periods by region> styles and movements >

<modern europeanstyles and movements> <renaissance baroquestyles and periods>

<modern european fine artsstyles and movements >

first-impressionism
impressionism post-impressionism

broader term generic relationship

renaissance

high renaissance
late renaissance

early renaissance

<styles and periods>

european < post-1945 fine arts stylesand movements >

abstract impressionist<european styles and periods>

Art Deco

Figure3: Part of theArt & Architecture ThesaurushierarchyStyles& Periodswhich
collectsall styles,periodsandmovementsof Art in thewesternworld.
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3.3 Integrating Ontologies and Thesauri

In this section,we presenta methodologyfor the constructionof metadataschemas
basedontheintegrationof existingontologiesandthesaurushierarchies.Theconstruc-
tion is donein two steps.In the first step,we specifyfor eachontologyconceptU , a
setof terms,consideredassub-conceptsof U . This stepis similar to establishinginter-
schemaassertions[10] for databaseschemaintegrationandcannotbe a completely
automatedprocesssinceit requiresthe knowledgeof the thesaurusandthe ontology
semantics.In thesecondstep,a conceptthesaurusis extractedautomaticallyfor each
concept.This thesauruscontainsthe termsconnectedto the conceptin the first step,
alongwith broader-generic( V;W�X ) relationshipsderivedfrom theinitial thesaurus,which
canbe doneautomatically. The integrationof eachextractedconceptthesauruswith
theontologyproducesametadataschemaconsistingof a structural view (providedby
theontology)anda semanticview (providedby thesaurushierarchies).

Step 1 : Specialization of Concepts with Terms

Term Concept Term Concept
impressionism Style paintings Iconographic Object
post-impressionism Style oil paintings Iconographic Object
abstract impressionism Style sculpture Iconographic Object
renaissance Style early renaissance Style
renaissance Period early renaissance Period
late renaissance Style high renaissance Style
late renaissance Period high renaissance Period
first-impressionism Period first-impressionism Style

Figure 4: A connectionrelation Y[Z2\ for AAT hierarchiesStyles& Periods, Visual
WorksandontologyconceptsStyle, Period andIconographic Object.

In thefirst stepof theintegrationprocess,thesaurustermsare“connected”to ontol-
ogyconcepts.Theseconnectionsbelongto abinaryconnectionrelation Y[Z2\^]`_bacY
over a setof thesaurusterms _ anda setof ontologyconceptsY . An exampleof a
connectionrelationis presentedin Figure4. Termsimpressionism, post-impressionism
andabstract impressionismof the Art & Architecture ThesaurushierarchyStyles&
Periods(Figure3) describespecificstyles(ontologyconceptStyle in Figure1). Term
first-impressionismof thesamehierarchydescribesbothastyleandaperiod(concepts
Style andPeriod respectively). Similarly, term renaissanceand its narrower terms
of hierarchyStyles& Periods describedifferent typesof stylesand periods(ontol-
ogy conceptsStyle andPeriod respectively). Finally, termspaintings, oil paintings
andsculptureof theAAT hierarchyVisual Works(Figure2) describedifferentkindsof
iconographicobjects(ontologyconceptIconographic Object).

Thewaytheuseractuallychoosestheconceptsto beconnectedto agiventermwill
not bediscussedin this paper. Briefly speaking,eitheroneconnectsW with somecon-
cept U with theassumptionthatall descendantsof W areconnectedto U or onechooses
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explicitly amongthedescendantsof d .
In thepreviousexample,wedonotconnectthewholethesaurushierarchyStyles&

Periodsto conceptsStyle andPeriod. We adoptthis selectiveapproach, i.e. relating
thesaurustermsto ontologyconceptsexplicitly, for severalreasons.An obviousreason
is thatsometermscouldbeout of thescopeof theapplicationthathasto bedescribed
by theresultingmetadataschema.For example,if someapplicationis only concerned
with paintings,then termsreferring to artifactsother thanpaintings(e.g. sculpture,
drawings) neednotbeconsideredin theresultingschema.Anotherreasonis thatsome
terms(e.g. guide termsin [31, 48]) areusedto organizethesaurushierarchies(e.g.e

visualworksby mediumor techniquef ) andmight haveno usefor describinginfor-
mation. Finally, anotherimportantreasonis that thesaurushierarchiesmight contain
termswhichcanbeconnectedto differentconcepts.For example,termsof theAAT hi-
erarchyStyles& Periods(Figure3) describestyles(e.g. impressionism), periods(e.g.
art deco), or bothstylesandperiods(e.g. renaissance). Connectingtermsto concepts
in a selective mannerallows usersto clarify betweenthemultiple semanticsof a term
(e.g.asin thecaseof homonyms) andconsequentlyresolvesemanticambiguitiesat the
thesauruslevel.

Observe that a term can be connectedto several concepts,For example, in the
connectionrelation illustrated in Figure 4, term first-impressionismis connectedto
bothStyle andPeriod concepts.

Step 2 : Thesaurus Extraction

After having definedthe connectionrelationbetweentermsandconcepts,we extract
for eachconceptin theconnectionrelation,a thesaurus,calledconceptthesaurus.

Let g be a thesaurusconnectedto a subsetof conceptshjilk by a connection
relation k[m2npo . Then, q�rsd
t2uwv=d=x
hzy3g|{ is a new thesaurusthatcontains(1) thesubsetof
all termsin g connectedto conceptsin h and(2) all };d�~ relationsbetweentheseterms,
inducedby the };d�~ relationsin theinitial thesaurus.More precisely:

3 Denoteby k[m2n o x�d=y$v�{ the relational table where each tuple representsthe con-
nectionbetweena term d in thesaurusg���xH�Jy*}=d�~�{ and a concept v in h . Then
q�r�d
t#uwv=d=x�h�y3g�{���x�����y;};d�~���{ is a new thesauruswhere

� ���-���s�=xHk[m2n o { is thesubsetof termsin theconnectionrelation.

� }=d�~w� is inducedby thepartial order definedby };d�~ on termsin ��� : for all pairs
of terms d and d�� in ��� , if };d�~Tx�d=y$d���{ , i.e. d�� is a broader term of d in the initial
thesaurusg , then };d�~w��x�d=y$d���{ , i.e. d�� is a broaderterm of d in the new thesaurus
q�rsd
t2uwv=d=x
hzy3g�{ .

It is possibleto definea conceptthesaurusg�� for eachconcept v in the set of
ontologyconceptsh asfollows :

4 Let g bea thesaurus,h�� bethesetof sub-conceptsof v including v and k[m2npo#� bea
connectionrelationdefinedfor g and h�� . Thentheconceptthesaurusassociatedwith
v is definedas g�����q�rsd
t2uwv=d=x
h���y3g�{ .
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For thedefinitionof a conceptthesauruswe exploit not only the �;��� relationsbe-
tweenthe termsbut alsothe �
��� relationshipsat the ontologylevel. Considertheex-
amplein Figure5. Terms � , � and � areconnectedto concepts� , � and   respectively.
Theextractionoperationon concept� will constructthethesaurus¡�¢ thatcontainsbe-
sidesterm � , terms � and � thatareconnectedto its sub-concepts.Observealsothata
termcanappearin multiple conceptthesauri,andtermsthatarenot connectedto any
conceptsuchas,for example,term £ in Figure5, have disappearedfrom the concept
thesauri.Moreover, theselectionoperationonconcept� createda �=��� relationbetween
terms� and � whichwerenot directly relatedin theoriginal thesaurus.

t

uv

w

Thesaurus T

t

Tc

Td

Te

Concept Thesauri

v w

v w

w

¤ ¤ ¤¥ ¥
¦ ¦ ¦§ §
¨ ¨ ¨© ©isa

e

c

d
isa

Ontology OLabeling function

Selection

Figure5: ExtractedThesaurusExamples.

At this point,we shouldmentionthata conceptthesauruscanbeinducedby those
of its super-concepts.For example,if � is a sub-conceptof � , and ¡ ¢ is the concept
thesaurusof � , thenthe conceptthesaurusof � canbeextractedfrom thesaurusª ¢ as
follows: ¡�«¬® �¯s�
°#�±�&�=²�³�«±´$¡ ¢;µ . In thepreviousexample,only conceptthesaurus¡ ¢ of
concept� hasto beextractedfrom theoriginal thesaurus¡ . All thesauricorrespond-
ing to sub-conceptsof � might thenbe createdon demandduring the creationof the
metadataschema(Section3.4).

3.4 RDF schema construction

Thefirst applicationof theresultingmetadataschemais straightforwardandconsistsin
thecreationof anRDFschema. Ontologyconceptsandthesaurustermsin themetadata
schemaaremodeledasRDF classes andontologyrolescorrespondto RDF proper-
ties. Ontology ����� relationships,connectionrelationsbetweentermsandconceptsand
�;��� relationsbetweentermsall carry inclusion semanticsand are modeledwith the
RDFsubclassOf property.
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Resource Description Framework

The Resource Description Framework (RDF) is a foundationfor processingmeta-
data [9]14 which supportsstandardmechanismsfor the representationof metadata
schemasaswell assourcespecificmetadata.It relieson a simple,graph-baseddata
modelandusesXML (eXtensibleMarkup Language)15 to communicateandprocess
metadatain a machinereadableandhumanunderstandableformat.Similar to thesep-
arationof schemaand instancein traditionaldatabases,we candistinguishbetween
RDFschemasandRDF descriptions(instancesof anRDFschema).

RDF descriptions

RDF canbeusedto describeany kind of resource, identifiedby a URI (Uniform Re-
sourceIdentifier),suchasaWebserver, anXML documentor anelementof anHTML
page(e.g.animage).RDFsupportsthedefinitionof resourcepropertieswhosevalues
canbeotherresourcesor literals(strings,integers).A collectionof property/valuepairs
thatrefersto aspecificresourceis calledanRDFdescriptionandcanberepresentedas
a labeleddirectedgraphwherenodescorrespondto resourcesor literals (values)and
edgesto resourceproperties.

Figure6 showsanRDFdescriptionfor a Webpagethatdescribesapaintingof the
FrenchpainterClaudeMonet. TheXML namespacemechanismallows thespecifica-
tion of differentRDF schemas.For example,lines 2 and3 definetwo XML names-
paces: xlmns:web-page andxlmns:artifact. Thefirst onecontainsgeneralproperties
of HTML pages(title, presents, creator) andthe secondonespecifiespropertiesof
cultural artifacts(title, style, type, period). This mechanismis very usefulsinceit
permitsthereuseof existing,distinctRDF schemaswithin thesameRDF description,
without creatingnameconflicts (e.g. web-page:title, artifact:title). Line 4 tells us
that the descriptionthat follows concernsthe HTML pagewhich canbe accessedby
theURL http://metalab.unc.edu/louvre/paint/monet/first/impression/. Thetitle of
this pageis “WebMuseum:Monet,Claude: Impression: soleil levant” (line 5) and
hasbeencreatedby NicolasPioch(line 14). To describepropertiesof the painting,
it is necessaryto definea local resourcewhich is identifiedby URI soleil levant that
refersto the painting. The painting’s propertiesareits type (oil painting, line 8), ti-
tle (Impression : soleil levant, line 9), style (impressionism, line 10) andperiod
(first-impressionism, line 11).

RDF schemas

TheRDFSchemaSpecificationLanguage[9] is adeclarativelanguageusedfor thedef-
inition of RDFschemas16 incorporatingaspectsfrom knowledgerepresentationmodels
(e.g. semanticnets),databaseschemadefinition languagesandgraphmodels. It is a
simplelanguageof restrictedexpressive power comparedto predicatecalculusbased
metadatalanguagessuchasCycL [35] andKIF17.

14http://www.w3c.org/RDF
15http://www.w3.org/XML/
16In thefollowing RDF Schemawill denotethespecificationlanguageusedto defineRDF schemas.
17http://logic.stanford.edu/kif/kif.html
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1. <rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
2. xmlns:web-page ="http://metalab.unc.edu/louvre/namespaces/web-
pages"
3. xmlns:artifact ="http://metalab.unc.edu/louvre/namespaces/artifacts">
4. <rdf:Description

about="http://metalab.unc.edu/louvre/paint/monet/first/impression">
5. <web-page:title>Web Museum: Monet, Claude: Impres-
sion: soleil levant

</web-page:title>
6. <web-page:presents>
7. <rdf:Description about="soleil_levant">
8. <artifact:type>oil painting</artifact:type>
9. <artifact:title>Impression : soleil levant</artifact:title>
10. <artifact:style>impressionism</artifact:style>
11. <artifact:period>first-impressionism</artifact:period>
12. </rdf:Description>
13. </web-page:presents>
14. <web-page:creator>Nicolas Pioch</web-page:creator>
15. </rdf:Description>
16. </rdf:RDF>

Figure 6: An RDF descriptionfor resourcehttp://metalab.unc.edu/louvre/paint/-
monet/first/impression.

An RDF schemadefines classesand properties which can be instantiated
in RDF descriptions. Classesare organisedinto hierarchiesusing the property
rdfs:subclassOf which is definedin RDF Schema(namespacerdfs) which hasthe
standardsemanticsof classinheritancein object-orienteddatamodels.For example,
theRDF schemaillustratedin Figure7 definesclassMan Made Object (line 4) and
its subclassIconographic Object (lines5,6). It alsodefinesclassesStyle (line 7), Pe-
riod (line 8). RDFSchemaallowsbothtypedanduntypedproperties.Propertiesin our
examplearetyped(i.e. they havearestricteddomainandrange).In Figure7, property
period (line 15) is definedbetweenclassesMan Made Object (line 16) andPeriod
(line 17), usingtheRDFSchemapropertiesrdfs:domain andrdfs:range respectively.
Summarizing,RDF offers a rich, comparatively simplegraph-baseddatamodeland
supportsthe definition of sourcespecificmetadata(RDF descriptions)andmetadata
schemata(RDF schemas).It usesXML for the syntacticalrepresentation,exchange,
andprocessingof thesemetadata.

RDF metadata schema construction

The creationof the RDF schema¶ for an ontology ·�¸�¹�º�»$¼�»3½�¾�¿�À , and a set of
conceptthesauriÁ�ÂÃ¸F¹HÄJ»*Å=Æ�Ç�À is straightforward:

1. RDF classes : for eachontologyconceptÈ andfor eachterm Æ in Á�Â , define
RDF classesc andc:t, respectively.

2. RDF properties : for eachtypedrole É±¹HÈ#»$Ê�À in ¼ defineanRDF propertywith
rdfs:domain RDFclassc andrdfs:range RDFclassd.
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1. <rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
2. xmlns:rdfs="http://www.w3.org/TR/1999/PR-rdf-schema-19990303#"
3. xmlns:artifact="">
4. <rdfs:Class rdf:ID="Man Made Object"></rdfs:Class>
5. <rdfs:Class rdf:ID="Iconographic Object">
6. <rdfs:subclassOf rdf:resource="#Man Made Object"/></rdfs:Class>
7. <rdfs:Class rdf:ID="Style"></rdfs:Class>
8. <rdfs:Class rdf:ID="Period"></rdfs:Class>
9. <rdf:Property rdf:ID="style">
10. <rdfs:domain rdf:resource="#Iconographic Object"/>
11. <rdfs:range rdf:resource="#Style"/> </rdf:Property>
12. <rdf:Property ID="title">
13. <rdfs:domain rdf:resource="#Man Made Object"/>
14. <rdfs:range rdf:resource="#rdfs:Literal"/></rdf:Property>
15. <rdf:Property rdf:ID="period">
16. <rdfs:domain rdf:resource="#Man Made Object"/>
17. <rdfs:range rdf:resource="#Period"/></rdf:Property>
18. </rdf:RDF>

Figure7: An RDFschemafor describingculturalresources.

3. RDF subclassOf properties: definean rdfs:subclassOf propertybetweenthe
correspondingRDF classesfor each Ë
Ì�Í (and Î=Ï�Ð ) relation betweenontology
concepts(andthesaurusterms). In addition,for eachRDF classc:t, thatcorre-
spondsto the root termof conceptthesaurusÑ�Ò , addan rdfs:subclassOf prop-
erty betweenclassesc:t andc.

It is interestingto notethatweconnectonly theroot termof eachconceptthesaurusto
thecorrespondingconcept.Dueto thetransitivity of the rdfs:subclassOf property, it
canbeinducedthata term Ï is a subclassOf anotherterm Ï or a conceptÓ .

TheRDF schemaillustratedin Figure8 hasbeenconstructedfrom theontologyin
Figure1, the thesaurusclassificationschemesin Figures2 and3, andthe connection
relationin Figure4.
Ontology conceptsMan Made Object, Iconographic Object, Style, Period and
termsoil paintings, paintings, impressionismand first-impressionismare all repre-
sentedasRDF classes(lines 5,7,9,11,21,23,25,27). RDF classpaintings 18 is de-
finedasasubclassof classIconographic Object (line 22), sincetermpaintingsis the
root termof theIconographic Object conceptthesaurus.In thesameway, classesim-
pressionism andfirst-impressionism aredefinedassubclassesof classesStyle and
Period respectively (lines26,28). Classoil paintings is a subclassof classpaintings
(line 24) (definedby the Î;Ï�Ð -relationsbetweentermoil paintingsandtermpaintings).
Ontologyrole style, is definedasanRDF property, its domainbeingtheclassIcono-
graphic Object (line 19) and its rangeclassStyle (line 20). By definition of the
subclassOfproperty, all subclassesof Iconographic Object inherit this property.

Using this RDF schema,one can provide RDF descriptionsaboutspecificWeb
resources.For example,a new RDF descriptionfor the sourcedescribedin Figure6
is shown in Figure9. Whencomparingthis new descriptionwith the previous one,

18For readabilitypurposes,termsareonly prefixedwith thecorrespondingconceptif they aresharedby
differentconceptthesauri.
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1. <rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
2. xmlns:rdfs="http://www.w3.org/TR/1999/PR-rdf-schema-
19990303#"
3. xmlns:int="">
4. <rdfs:Class rdf:ID="Physical Object"></rdfs:Class>
5. <rdfs:Class rdf:ID="Man-Made Object">
6. <rdfs:subclassOf rdf:resource="#Physical Object"/></rdfs:Class>
7. <rdfs:Class rdf:ID="Iconographic Object">
8. <rdfs:subclassOf rdf:resource="#Man-Made Object"/></rdfs:Class>
9. <rdfs:Class rdf:ID="Period"></rdfs:Class>
10. <rdfs:Class rdf:ID="Title"></rdfs:Class>
11. <rdfs:Class rdf:ID="Style"></rdfs:Class>
12. <rdf:Property rdf:ID="of-period">
13. <rdfs:domain rdf:resource="#Man Made Object"/>
14. <rdfs:range rdf:resource="#Period"/></rdf:Property>
15. <rdf:Property rdf:ID="title">
16. <rdfs:domain rdf:resource="#Man Made Object"/>
17. <rdfs:range rdf:resource="#Title"/></rdf:Property>
18. <rdf:Property rdf:ID="style">
19. <rdfs:domain rdf:resource="#Iconographic Object"/>
20. <rdfs:range rdf:resource="#Style"/></rdf:Property>
21. <rdfs:Class rdf:ID="paintings">
22. <rdfs:subclassOf rdf:resource="#Iconographic Ob-
ject"/></rdfs:Class>
23. <rdfs:Class rdf:ID="oil paintings">
24. <rdfs:subclassOf rdf:resource="#paintings"/></rdfs:Class>
25. <rdfs:Class rdf:ID="impressionism">
26. <rdfs:subclassOf rdf:resource="#Style"/></rdfs:Class>
27. <rdfs:Class rdf:ID="first-impressionism">
28. <rdfs:subclassOf rdf:resource="#Period"/></rdfs:Class>
29. </rdf:RDF>

Figure 8: The RDF schemaresultingfrom the integration of the ontology and the-
saurus.
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1. <rdf:RDF
2. xmlns:web-page ="http://metalab.unc.edu/louvre/namespaces/web-
pages"
3. xmlns:int ="http://www.connectit.com/icom/aat">
4. <rdf:Description
5. about="http://metalab.unc.edu/louvre/paint/monet/first/highway/">
6. <web-page:title>Web Museum: Monet, Claude :Impression :

soleil levant</web-page:title>
7. <web-page:presents>
8. <int:oil paintings
9. about="http://metalab.unc.edu/louvre/paintings/monet/impression">
10. <int:title>Impression : soleil levant</int:title>
11. <int:style><int:impressionism/></int:style>
12. <int:of-period><int:first-impressionism/>
13 </int:of-period>
14. </int:oil paintings>
15. </web-page:presents>
16. <web-page:creator>Nicolas</web-page:creator>
17. </rdf:Description>
18.</rdf:RDF>

Figure9: RDFdescriptionfor ClaudeMonetpaintingusingtheintegratedschema.

onecanobserve that we have replacednamespaceartifact by a new namespaceint
which correspondsto theRDF schemain Figure8. In this RDF description,semantic
informationthatwascapturedasa valuein thepreviousdescriptionhasbeenaddedat
the schemalevel. For example,the fact that the resourcedescribedan impressionist
paintingwasencodedin thevalueof tag Ô artifact:style Õ . This valuecorrespondsin
factto a termin theAAT andis representedasaninstanceof classint:impressionism
(line11) in thenew schema.Thesameargumentholdsfor thevaluefirst-impressionism
which is now representedasan instanceof RDF classint:first-impressionism (line
12). Observealso(tag Ô rdf:Description Õ ) (Figure6, line 7), hasbeenreplacedby a
typednodetag Ô int:oil paintings Õ (line 8) indicatingthatthedescribedresourceis an
oil painting.

4 Resource Description Model

A metadataschemaresultingfrom the above integrationprocessdescribesa domain
of interest and is definedby a communityof peoplethat want to provide tools for
describingandqueryingresourcesin this domain. In particular, thosetoolsallow the
sharingof a dynamicsetof Webresources.A sourcethat is integratedin thesystem,
providesa descriptionof its structure,contentsor even of somesemanticswhich is
not explicit in the datanor in its structure. This descriptionis madein termsof the
metadataschema.Oncea sourcehasprovidedits description,it becomesvisibleto the
systemandit is saidto bepublished. At a giventime instant,thepair (schema,setof
sourcedescriptions)is calledthedescriptionbase(DB).

The descriptionbase(DB) is managedby a mediatorwhich providesto the user
a uniform view of thepublishedsourcesanda usermustexpresshis/herqueryto the
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mediatorin termsof themetadataschema.
Transparentlyto theuser, themediatorselectsa subsetof sourcesasananswerto

a userquery. If a selectedsourceÖ containsa collectionof documents,the mediator
couldforwardto Ö a subquerybasedon theuserqueryin orderto filter thedocuments
(fragments)of interestin Ö . The mediatorcan then constructquery plans that are
sentto the selectedsourcesfor evaluation,and gathersthe returnedresults. In the
generalmediationscenariowe havedescribed,we couldidentify two phases:thefirst,
is the oneof identificationof the relevantsourcesto a userquery, known asresource
discoveryphase;thesecondis theconstructionof queryplans,their evaluationby the
sourcesandthe fusion of the returnedresults. In this paper, we do not addressthis
secondstep.Werestrictourattentionto thefirst issuewhich is theidentificationof the
sourcesrelevantto auserquery.

Our approachviews the DB asa databasequeriedfor sourceaddresses. A source
address,calledin thesequelaurl canbetheaddressof asitecontainingacollectionof
documentswith homogeneousor heterogeneousstructures,theaddressof asingledoc-
umentor thatof a documentfragment.Oncetheuserhasobtaineda setof urls,he/she
is ableto accesseachof them. In the following, we first definethe resourcedescrip-
tion model. Next, we specifythe semanticsof a DB for a given schemaanda given
setof describedsources.An implementationof this modelis discussedin Section5.
Examplesof queriesaregivento illustrateourapproachto resourcediscovery.

4.1 Description of sources

A sourceis describedin termsof oneor severalconcepts.For eachconcept× , wedefine
asetof typedpropertiesØ�Ù�×�Ú asfollows:

1. If × is connectedto someconcept×&Û throughrole Ü , weshallsaythat Ü is a (role)
propertyof type × Û .

2. Eachconcept× is providedwith a specificpropertyof nameÝ�Þ�Ü2ß andof typeàâá
, where

àâá
is the conceptthesaurusof × . Note that herea thesaurusterm Ý

is consideredasa valueof propertyterm while in the RDF schemapresented
in Section3.4 a term Ý thatbelongsto theconceptthesaurusof a concept× was
viewedasasub-conceptof × .

3. Let ã bea setof atomicvalues.W.l.g., we assumethat ã is thesetof strings19.
Then,it is possibleto createfor aconcept× anew propertyä of type ã . Property
ä is referredto asa valuepropertyof × . Theenrichmentof themetadataschema
with valuepropertiesallowsto refinesourcedescriptions,but thepriceto bepaid
is anincreasein thesizeof theDB.

4. Thereis no otherpropertyin Ø�Ù�×�Ú .
To describesomesource,onechoosesto specifypropertiesof oneor severalcon-

cepts. More precisely, a (source) descriptionis a tuple Ù�åpæ*×#æ$ç�Ú where å is the URL
of the sourceto be describedand ç is a conceptdescriptorfor concept× definedas

19WemightalsoaddotheratomictypessuchasIntegeror Date.
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follows. Let è�éHê�ë bethesetof propertiesof someconceptê . A conceptdescriptorfor
conceptê is a tuple ìîí�éðïTñòíóì�ñ2ô�õðõ�õ�ô�ï�ö|í®ì�ö�ë , ï�÷ùøúè�éHê�ë;ô*û�üþý^ü0ÿ è�é�ê�ë)ÿ where

� ïs÷�ø è�é�ê�ë andïs÷ �í ï�� for all � �í�� , i.e. eachpropertycanbeusedat mostonce
in adescriptor,

� if ï�÷ is the �	��
� propertythen ì±÷ is a termof thethesaurus��� ,
� if ï�÷ is a valueproperty
 of type � , then ì±÷ is anelementof � .

� if ï ÷ is a role property 
 of type ê�� , then ì ÷ í�é�ê���ô$ì���ë where ì�� is a concept
descriptorfor conceptê�� .

Thefollowing examplesof sourcedescriptionsrely on theontologyof Figure1.

1. (url1, Actor)

2. (url2, Actor, name= “Monet”)

3. (url3, Actor, term= “painter”, name= “Monet”)

4. (url4, Activity, performedby = Actor)

5. (url5, Activity, performedby = “painter”).

6. (url5, PhysicalObject,of period= “impressionism”,term= “paintings”).

The first descriptiondefinesno propertieson conceptActor (the descriptionis the
emptytuple[]) andsourceurl1 is aboutany kind of actors.Thesecondsourceurl2 is
aboutactorswhosenameis Monet(nameis a valuepropertyof conceptActor of type
String). Thethird sourceurl3 is aboutpainters(term= “painter”) with name“Monet”
(painter is a term of the thesaurusconnectedto conceptActor). The fourth descrip-
tion saysthatsourceurl4 is aboutactivities performedby any kind of actors(concept
Activity associatedto conceptActor throughrole performedby). Finally sourceurl5
is describedby the last two descriptionsstatingthat this sourceis aboutactivities of
paintersandaboutpaintings(term=”paintings”,conceptPhysical Object) of the im-
pressionistperiod.

Thetwo lastdescriptionsareshortcutsfor (url5, Activity, performedby = (Actor,
term= “painter”)) and(url5, PhysicalObject,term= “paintings”,of period= (Period,
term = “impressionism”)). When thereis no ambiguity (single target conceptfor a
role), thetargetconceptmaybeomitted.Similarly, by conventionif no valueis speci-
fied for thetermpropertyof aconceptê , thenasvalueis consideredto betheroot term
of ê ’s conceptthesaurus.

4.2 Object-Oriented Description Base

A DB is a setof sourcedescriptions,asdefinedin theprevioussection.It corresponds
to a setof sourcespublishedat a given time instant,eachof the sourcesis classified
by oneor moreconceptsof the metadataschema.We usea classicalobject-oriented
databaseapproachto representandinterpretdescriptions: a classis definedfor each
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conceptandadescriptionis anobjectof thisclass.Theextensionof class� , i.e. theset
of objectsof class� storedin the DB representsthe descriptionsclassifiedby � . The
DB is the union of the extensionsof all classes.The only peculiarityof this object-
orientedrepresentationcomesfrom thesemanticsassociatedwith thetermhierarchies
in conceptthesauri: if � correspondsto the sourcedescription ��������� ��!#" $	%�&'(!$)�+*-,.!/�0,0��121213�4*657!/�05�8�9 andbelongsto theextensionof class� , thenfor all broader
terms$	: in thethesaurusconnectedto � , object ��: with description�������;����:-!<" $	%�&'=!$	:+�+* , !>� , ��121213�4* 5 !?� 5 8@9 alsobelongsto theextensionof � . In otherwords,if ��������� ��9
is asourcedescriptionin theDB, then �������;����:A9 alsobelongsto theDB. For example,(i)
term *6B�CEDF$GCEDIHKJ and �CGL *6B�CEDF$GC4DIHMJ aretermsin theconceptthesaurusof Iconographic
Object, (ii) term *-B0CEDF$GCEDIHMJ is a broadertermof �C	L *6B�CEDF$GCEDIHKJ and(iii), if a source�
in thedescriptionbaseis about�C	L *-B0CEDF$GCEDIHMJ , thenthedescriptionbasedescribesalso
thissourceasbeingabout*6B�CEDF$GC4DIHMJ .

Observethat:

N if no URL is describedby concept� , the extensionof � is empty( � hasno de-
scriptioninstance),

N if ��������� ��9 is in theextensionof � and ��: is asuper-conceptof � , then ��������:�� ��9 is
in theextensionof � : , i.e. all resourcesthataredescribedby aconceptdescription�+�O� �����K9 arealsodescribedby a conceptdescriptor�+�O� ��:+���K9 , where � is a sub-
conceptof ��: (inclusionsemanticsof C	J�B ).

Notealsothatexceptfor the(thesaurus)termattributedefinedon a tree-structured
domain,ourdescriptionmodelcanbeexpressedby any object-orienteddatabasemodel
(seefor examplethemodelof [1]), i.e. canbesupportedby any object-orientedsystem.
In the following section,we shall show that by an appropriatecoding of thesaurus
terms,wedonotneedanymoreanexplicit treestructure(thetreestructurebeinghidden
in thevalueof theterm),whichrendersthedescriptionmodelfully compatiblewith an
object-orienteddatabaserepresentation.

5 Implementation

In this sectionwe describea prototypeimplementationof the DB with the object-
orienteddatabasesystem(ODBMS) P , [22] and its queryingwith the OQL query
language[15]. Althoughperhapstoo complex asanenduserlanguage,OQL supports
rathercomplex queriesandallowsapowerful mediationwith informationsources.We
look at two possibleimplementationsof the DB. Thefirst subsectiondescribesanim-
plementationbasedon a representationof thesauriin form of trees.However, theper-
formanceof queriesinvolvinganextensiveuseof thesauritraversalsmightsuffer of the
somehow naive thesaurusinternalrepresentation.This is why we suggestin the sec-
ondsubsectiona linearizedrepresentationof thesauriwhich shouldleadto significant
performancegains.
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5.1 A Naive Object Oriented Implementation of the DB

Metadataschemaconceptsare implementedas QSR classes. A sourcedescriptionT�U�V�W;V�XKY
is an objectof class

W
. Its valueis a tuple whoseattributesare(i) a manda-

tory attributewith nameurl storingtheurl of thesourcedescribedby theobject,(ii) a
mandatoryattribute term thatcorrespondsto termpropertyandhasfor a valuea the-
saurustermand(iii) asmany attributesasthepropertiesof thecorrespondingconcept.
A role property Z is implementedasan attribute r referring to an objectof classc’,
wherec’ correspondsto thetargetconceptof therole. Valueproperties[ , i.e. proper-
ties for which the target is an atomictype \ arenot referringto an objectbut have a
valueof typeA, whereA is anatomictypeof Q R 20. Termsarerepresentedasobjects
(instances)of classTerm. Thevalueof eachobject ] , instanceof classTerm, is a tuple
of type ^ _ Va`-b where_ is thenameof theterm(of typeString) and

`
refersto its broader

term. For eachclassc we definea persistentroot cs (databaseentry point) of type
set(c) which containsall objectsof classc (all descriptionsof concept

W
). Similarly,

for eachclassc we definea persistentroot tc of type set(Term) which containsall
termsin theconceptthesaurusof c. For evaluatingqueriesrequiringthesaurustraver-
sals,wedefinein eachclassc themethod_GZ�cc T _ed0fg_GZh4iIj Y d�f�c�_ T�k cgZl Y

which returns
thesetof narrower termsof _ in theconceptthesaurusof c. As mentionedpreviously,
thequerylanguageusedto querythe DB is OQL. Theuserspecifiesa pathin theon-
tology (by specifyingrole properties)aswell asterm and/orvalue attributes.A query
alwaysgivesasa resulta setof urls. We show below a few examplesof querieson
the schemaof Figure 1 which hasbeenintegratedwith the thesaurushierarchiesof
Figures2 and3.

1. Sourcesaboutactors?

select d.url
from d in Actors

This queryselectssourcedescriptions,instancesof classActor.

2. Sourcesabout(any kind of) painters?

select d.url
from d in Actors
where d.term in d.tree(‘‘painter’’)

Thisqueryselectsall sourcedescriptions,instancesof classActor for which the
termusedin thedescriptionis painteror oneof its narrower terms.

3. Sourcesaboutactivitiesconcerningman-madeobjectsof therenaissanceperiod?

select d.url
from d in Activities
where d.associated_with.of_period.term in
d.associated_with.of_period.tree

(‘‘renaissance’’)

20The mon objectmodelis anhybridmodelwhichincludesobjectsencapsulatedin classesandtypedvalues
whicharenot encapsulatedinto any class.
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This queryselectsall activities (instancesof classActivity) associated with an
object(instanceof classMan-Made Object) of therenaissanceperiod(notethat
of-period is a propertyof typePeriod).

4. SourcesaboutPicassoasasculptor?

select d.url
from d in Actors

where d.name = ‘‘Picasso’’
and d.term in d.tree( ‘‘sculptor’’ )

Thisqueryselectsall objects,instancesof classActor, whosenameis “Picasso”
andthetermusedto describetheactoris sculptoror oneof its narrower terms.
In this query, propertyname is avaluepropertyof typeString.

5. Sourcesaboutpaintersof sculptures?

select a.performed_by.url
from a in Activities

where a.performed_by.term in
a.performed_by.tree(‘‘painter’’)

and a.associated_with.term in
a.associated_with.tree(‘‘sculpture’’)

This queryselectsall sources,instancesof classActor, (notethat role property
performed by of classActivity is of typeActor), wherethetermassociatedwith
the actoris painteror oneof its narrower termsandthe termassociatedwith a
man-madeobject(notethatrolepropertyassociated with of classActivity is of
typeMan Made Object) is sculptureor oneof its narrower terms.

5.2 Another Thesaurus Implementation

Theaboveimplementationtakesadvantageof theefficientoptimizationof OQL except
in thepresenceof methodtreein thewhereclausewhich allows to deduceall descrip-
tionsin theDB thatuseanarrowertermof theonepresentin thequery. This thesaurus
traversalnot only is costly but may also lead to non optimal queryexecutionplans.
This is particularlytruefor complex queriessuchasthelastonein theaboveexamples.

Thereforeeven thoughqueryingin sucha modelonly requiresa limited form of
deductionon the paqEr relationin conceptthesauri,this facility becomesa centralissue
whenqueryingdescriptionbasesincludingthesauriwith thousandsof terms.Theidea
is then to transformthesaurustraversalqueriesinto equivalent interval querieson a
linear domain,which queriescould thenbe efficiently answeredby standardDBMS
querylanguageswithout deductionmechanisms.

To achievethis, thesaurustermsarereplacedby labelsfor which aconvenienttotal
orderexists.Thethesaurustreeis saidto be linearized, asexplainedbelow.

Themaximaldegreeor fan-outin any thesaurusis denotedby sut�v , which means
thateachthesaurustermhasat most swt0v directsonsin thehierarchy. Assumefor the
timebeingthat sut�vux?y . At eachlevel siblingsonsarerankedfrom left to right, with
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rankin z|{~}��u���6� . Let � beanodein thetree.We label � with astringover theintegers�
, {�� � ���u��� . Thestringlengthis � if � is at depth � in thetree.Thei-th character

in thelabelof � is equalto � if thei-th nodein thepathfrom root to � hasfor arank �
(its is the � th of its siblingsfrom left to right). Figure10 givesanexampleof labeled
thesauruswith �w���u��� whereeachtermis only representedby its rank.

1 2 9

1 2 3 9

1 2 3 4

1 2 7

root

. . .

. . .

. . .

Figure10: LinearizedRepresentationof a Thesaurus

Let ��������	����� denotethe label of term � . Thenthe ascendinglexical orderon term
labelsis a total orderwith the following property: all labelsin thesub-treewith root� arelargerthan �@�K�)���G�+��� andsmallerthan �@�K�)���	���	�3� where �	� is thenext sibling of � on
the right in the thesaurus.As an example( �u��� =9), the next sibling of node � with
label �0� hasfor a label �;� andthedescendantsof � arelabeledby �~�M{ , �0�~�K{ , �~�0�~� ,...,�~�0�0� , �0�;� and �~��� .

Thenin a descriptionstoredin the DB, a thesaurustermis representedby a string
label anddescriptionscanbe indexed (with the systemB-tree)on the term label as
any regular ��� object.Furthera typical querysuchasdescendantsof term � (obtained
by �G�������+��� in the above implementation),becomesan interval queryon nodelabels:
if the term � is labeledby �~�0� , then �G��������O� becomesthe interval query z �~�0�K} �0�;��z .
More generally, let �����6�)�+�O� bethelabelof thenext sibling of � on theright. Query“ �
in �G�������O� ” becomestheinterval query“ �@�K�)���G�+��� betweenz �@�K�)���	���O�a}a�@�K�)���G�+�����6�)���O����z ”.
As anexample,theaboveOQL queryfor ”Paintersof sculptures”is rewrittenas:

select a.performed_by.url
from a in Activities
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lb in LActors,
lm in LManMadeObjects

where lb.term = ‘‘painter’’
and lm.term = ‘‘sculture’’
and a.performed_by.label

between (lb.label, lb.nextlabel)
and a.associated-with.label

between (lm.label, lm.nextlabel)

We supposethatwith eachclassc is associatedaclassLc definingthelabelsof the
conceptthesaurusfor c, i.e. definingfor eachterm � , its labelandits next sibling label.
With eachclassLc is associatedthe entrypoint Lcs which is a collectionof objects
of classLc. For example,therangeof lb is thecollection(labels)LActors. It cor-
respondsto the termpainter in theconceptthesaurusof Actor andlb.nextlabel
is thelabelof thenext sibling of this termin thesamethesaurus.

Comparedto thesamequerywith thetreeimplementationof thethesaurus,thetwo
lastclauses(treetraversal)arereplacedby two selectionsandtwo interval querieson
labelsof thecollectionsLActors andLManMadeObjects.

Threeremarksarenoteworthy. First, thepriceto bepaidis thetwo supplementary
selectionclauseson labels. Of courseLActors andLManMadeObjects mustbe
indexedon the termattribute. Second,thedescriptionsmustbepreprocessedin order
to replacetermsby labels.Any changein thelabelof a termmustbepropagatedto the
descriptions.However, theadvantageof this solutionis two-fold : it allows to process
tree traversalsby standarddatabaseoptimizationtechniqueson interval queriesand
the performancegain to be obtainedshouldbe significantfor queriesinvolving large
thesauriandseveralcriteriaon thesaurusterms.

Last, if the query involvesseveral thesauri,the querycanbe transformedinto a
hyperrectanglequeryon a multidimensionalspaceof labels.As anexample,take the
queryabove“Painterswhopaintedsculptures”.Any ��� descriptionhaving for a terma
memberin �G��  �¡�¢ ��£)¤F¥§¦6�G¤-�� ���¨ ¨2© andany ��ª descriptionhaving for a term,amemberin�G��  0¡g¢+¦-«0¬EF�	 ���¨ ¨A© is acandidatefor theanswer. Suchapair is apoint in thetwo dimen-
sional spacewith coordinates«-® ¦6 ��;¯I°�±u ² ³a´I® ¥�«K³) �¥ and «�® «K����°�£)¬G«��	 ² µ¶¬E�¸·¹® ¥�«K³) �¥ .
Thenthe two lastandclausescanbereplacedby a window query. This is illustrated
by Figure11: all pointscontainedin the rectanglerepresentcouplesof descriptions
on Actor andMan-Made Object (urls) candidatesfor the queryanswer. If queries
involving bothathesaurustraversalontheconceptthesaurusof Actor andMan-Made
Object are frequent,it is worth creatinga 2-dimensionalindex on Actor labelsand
Man-Made Object labels.

2-dimensional(Spatial)indexing methods[23] aswell asspatialqueryprocessing
strategies[41] arenotyet fully integratedin thekernelof off theshelfDBMS.However
a currenttrendof theseDBMS is to provide simpleandfairly efficient extensionsto
handlespatialdata.As anexample,[45] describesthespatialextensionof therelational
DBMS Oracle8i.

We endup this presentationwith a discussionon thechoiceof themaximalvalue
of the fan-out ±u«�º . Most thesaurihave a maximal fan-outof the orderof »g¼~¼ . As
anexample,theAAT thesaurusfan-outis 70. Thena reasonablevaluefor ±w«0º is »�½~¾

24



s1
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painter

sculpture

Figure11: Two-dimensionalThesaurusIndex
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allowing to codea nodelabel by a string of characters,eachcharacterbeingchosen
in a vocabulary of 128characters.If a node ¿ with label À hasa degreethathappens
to be larger than ÁuÂ�Ã 21 the following simplesplitting strategy canbe followed (see
Figure12 which shows thetreeof Figure10 afterthesplit resultingfrom theinsertion
of asonto thenodewith label Ä , ÁwÂ�ÃÆÅ�Ç ):

1. Createtwo sonsfor ¿ with label È and Ä . Thesetwo sons ¿OÉ and ¿�Ê arenot
associatedwith any term.

2. Assignto ¿OÉ the Ë�ÁwÂ�ÃÍÌÎÈÏ¸Ð~Ä left sonsof ¿ andto ¿�Ê the Ë+ÁuÂ�ÃÑÌÒÈ�Ï¸Ð;Ä right
sons.Let ÀGÓ Ô be the labelof the Ô th sonof ¿ prior to thesplit. After thesplit if
ÔeÕÖÁuÂ�ÃIÐ~Ä , its labelbecomesÀ	Ó3È0Ó Ô , elseit becomesÀ	Ó ÄMÓ Ô . This updatehasto be
propagatedrecursively down thetree.

1 2 9

1 2

1 2 3 4 51 4 52 3

1 2 7

root

. . .

. . .

1 3 42

Figure12: Splitting aLinearizedThesaurus

6 Future Work

In this paper, we have presenteda modular, componentbasedapproachto the con-
structionof metadataschemasbasedon the integration of ontologiesand thesaurus
hierarchies.A prototypeunderdevelopmentprovidestools to supportthecreationof
ametadataschemaresultingfrom (a) thespecificationof connectionrelationsbetween

21Eitheruponthethesauruscreationor upona terminsertionposteriorto thecreation.
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a thesaurus× andanontology Ø , and(b) theautomaticcreationof conceptthesauri.
We have alsoshown two applicationsusingsuchmetadataschema: (i) theautomatic
creationof RDF schemaand(ii) the descriptionandqueryingof sourcedescriptions
. Thesauriare representedas tree-structuredattribute values,andalthoughnot sup-
portedby off the shelf DBMS, the useof tree-structureddomainsis usefulin several
applicationareas,seefor example[44, 14].

Our examplesweretaken from the cultural applicationdomainwhich disposesa
largenumberof thesauri.RCHME22 (Royal Commissionof theHistoricalMonuments
of England),ICONCLASS23, ULAN24 (United List of Artist Names),Thesaurusde
l’Architecture of the FrenchMinistry of Culture25 aresomeof thesethesauri. Nev-
ertheless,thepresentedapproachcanalsobeappliedto otherscientificdomains(e.g.
medicine,biology or chemistry)or electroniccommerce(e.g. electroniccatalogue)
applicationsthatdisposerich classificationstructures.

An interestingissueconcernsthespecificationof theconnectionrelation.Whereas,
this relationcanbespecifiedmanuallyfor a limited numberof termsandconcepts,its
creationgetscumbersomewhenthenumberof connectedtermsandconceptsincreases.
Therearetwo possiblesolutionsto this problem.First, thesaurustermsareoftenused
for indexing documents.Theexistenceof thesetermsat thedatalevel might thenbe
exploited for the automaticcreationof the connectionrelationby usingdatamining
techniques.Thesecondsolutionconsistsin thedefinitionof simpledeclarativequeries
(e.g.pathexpressions)for extractingsetsof thesaurusterms.

As describedin Section4, the resultingmetadataschemacanbe perceivedasthe
domainmodel in mediationbasedsystemsandit playsan essentialrole in achieving
semanticinteroperability betweenthesources.Wearecurrentlystudyingtheuseof the
metadataschemato describethestructureof XML sourcesby establishingappropriate
mappingrulesbetweentheXML DTDs andthemetadataschemasin thespirit of the
XylemeProject26. We intendto implementamediatorthattakesadvantageof boththe
semanticsourcedescriptionsandthestructuraldescriptionsto mediateuserqueriesto
underlyinginformationsources.

We arecurrentlyapplyingthis approachto thedefinition of semanticallyrich do-
mainmodelsin thecontext of theC-Webproject27.

C-Web is primarily a resourcediscovery and information integrationsystemfor
specificusercommunitieson the Web, with a mediator-basedarchitecture.As a re-
sourcediscovery system,it allows to describeexisting information resourceswith
structuredmetadata,actingassurrogatesof the actualdocuments.A Web resource
is viewedby themediatorasavalid XML documentor acollectionof valid XML doc-
uments. C-Web aimsat selectingdocumentsaccordingto their descriptionin a first
step,andto sendin asecondstepto selectedsourcesaqueryin astandardXML query
languageandto integratethe result. In this context we areextendingthe description
modelof Section4 sothatthemediatorcanautomaticallygenerateXML queriesfrom

22http://www.rchme.gov.uk/thesaurus/mon types/default.htm
23http://iconclass.let.ruu.nl/home.html
24http://shiva.pub.getty.edu/ulan browser/
25http://www.culture.gouv.fr/documentation/thesarch/pres.htm
26http://www.xyleme.com
27http://cweb.inria.fr/cwebproj.html
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(i) the userqueryand(ii) the informationfound in the sourcedescriptionof sources
beingselected.
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