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Abstract

In this papemwe presentnew approactor building metadatachemasy inte-
gratingexisting ontologiesandstructuredsocalularies(thesauri).This integration
is basednthespecificatiorof inclusionrelationshipdetweerthesaurusermsand
ontologyconceptsandresultsn application-specifimetadatachema#ncorporat-
ing thestructuralviews of ontologiesandthe deepclassificatiorschemegprovided
by thesauri.We will alsoshav how the resultof this integrationcanbe usedfor
RDF schemacreationand metadatajuerying. In our contet, (metadatayjueries
exploit the inclusion semanticof term relationshipswhich introducessomere-
cursion. We will presenta fairly simple database-orientesblutionfor querying
suchmetadatavhich avoids a (recursve) tree traversalandis basedon a linear
encodingof thesaurusierarchies.
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1 Introduction

In openand evolving environmentssuchas the World Wide Web, discovering, inte-
gratingandaccessingnformationaredifficult andcomplex tasksdueto the semantic
heterogeneitief30] resultingfrom the differentterminologiesand conceptualizations
employedby thevariousinformationprovidersandconsumers.

Providing accessto heterogeneouand distributed databaseshroughintegrated
views hasbeenstudiedfrom the early 80’s [6]. A large numberof papersexist on
theintegrationof distributeddatabaseand[36, 46, 43] arecomprehensie studieson
thetopic. However suchapproache$or dataintegrationarenot appropriatearymore
for new applicationshasedon theintegrationof a large numberof Webresourceshat
arenot necessariltronglystructuredor have a structurewhichis notfully available.

New approacheso this issuehave beenproposedn thepasttenyears.All of these
arebasedon a three-tierarchitecturewhereapplicationsaccessvrappedinformation



sourcesvia mediatos. In this paper we focus on mediationmodelsbasedon the
creationand exchangeof semanticmetadata[32] describingthe contentsof shared
Webresourceén termsof acommondomainspecificvocalulary or metadataschema

A metadataschemaorganizesinformationwithin a domainof interestandis de-
finedby a communityof peoplewho wantto provide toolsfor describingandquerying
resourcesvithin this domain.More precisely a metadataschemas comprisedf (1) a
vocahulary, i.e. asetof elemenhamesgo beusedfor thedescriptiorof informationin a
domain(e.g.thecreator, title elementf the Dublin Coremetadatalementset[18]),
and(2) a setof semanticrelationshipgor informationstructuring. We first presenta
modularapproactfor the creationof metadataschemadasedn theintegrationof ex-
isting ontolagiesandthesaurusierarchiesdefinedaccordingo thelSO 2788standard
for monolingualthesaur{31].

Eachnew sourcds addedn thesystemby providing to themediatoiits description.
More precisely a source descriptionexpresseghe contentsand the semanticsof a
sourcein termsof the metadataschema. For describingsourcesa knowledg-base
approachis often adwocated. Information Manifold [3], PICSEL [26] are examples
of suchsystemsbasedon DescriptionLogics to representhe metadataschemaand
the source descriptions In this paper we proposea databasepproachwith limited
expressve power comparedo that of the abose knowledge-basedystemsbut which
is moreefficientin the context of large size metadataschemasWe adwcatethatit is
possibleto efficiently implementheselectiorof sourcegccordingo theirdescriptions
includingthe necessaryeasoningnechanism$y usingstandardlatabas¢éechnology

1.1 Integrating ontologies and thesauri

Ontolagiesandthesauricanbe consideredisorthogonalwaysfor describingnforma-
tion. Ontologiesaredeclaratve specification®f the conceptsandrolesin adomainof
discourseand provide structural,sharableviews of information. Thesauriare struc-
turedvocahularies(collectionsof terms),with rich semanticsut restrictedstructural
relationships. For example,althoughthe Art & Architecture ThesaurugAAT)!, one
of the largestthesauriin the field of westernart terminology includesextendedtax-
onomiesof cultural artifactsand styles,thereis no explicit relationshipdenotingthe
factthatartifactshave a style. In our context, ontologiesare percevedto have a dual
role : provide agenericview of informationanda structuralinterfaceoverthesauri.

We follow a two-stepapproacho the constructionof metadataschemasin a first
step,we specify for eachontology concepta setof thesaurugerms. The resultis a
connectionrelation betweentermsand conceptscarrying inclusion semantics In a
secondstep, a conceptthesaurusis extractedautomaticallyfor eachconcept. This
thesaurugontainghetermsconnectedo the concepin theconnectiorrelation,along
with hierarchical termrelationshipsderivedfrom theinitial thesaurusTheintegration
of thesethesauriwith the ontology producesa metadataschemaconsistingof (1) a
structural view provided by the ontology, (2) connectionrelationsbetweenconcepts
andterms,and(3) thesaurusierarchies

Ihttp://iwwwahip.gettyeduiocabulary/aa_intro.html



Theresultof thisintegrationis a conceptuametadataschemathat canbe usedfor
severalpurposes.

1.2 Creating RDF schemas

The first applicationof our integration processis the creationof RDF [9] metadata
schemas. The Resouce Description Framevork (RDF) is a metadataspecification
languagehat supportsstandardnechanismgor the representationf metadatasche-
masaswell assource specificmetadatasourcedescriptions).

WhereasRDF is very useful for the representatiorof metadatain the form of
XML documentsijt doesnot provide ary methodologyfor the constructionof meta-
dataschemaswhichis a difficult andtime consumingaskespeciallyin ervironments
thatcomprisealarge numberof informationsourcesMoreover, RDF offersno mecha-
nismto decidewhethera particularmetadatachemaneetsthe needof anapplication
or domain. Our integrationmodel can be consideredas a possiblemethodologyfor
creatingcomplex RDF schemady using existing semanticcomponentgontolagies,
thesauri)thatdescribehe organizationof informationwithin a domainof discourse.

1.3 Sourcedescription and discovery

The secondapplicationof the resultingmetadataschemadiscussedn this paperis

(Web)resoucedescriptionanddiscovery. In our context, a Webresourcecanbe ary-

thing thatis identifiedby a URL, i.e. a site containinga collectionof documentswith

homogeneousr heterogeneoustructure a singledocumenbr a fragmentof a docu-
ment,animage. In this paper we proposean efficient solutionwherea setof source
descriptionss viewed as a databasehat canbe queriedfor sourceaddressesln our

contet, efficiengy is importantbecaus®f the hugesizeof our metadataschemagre-

sulting from the large numberof termsin the integratedthesauri)comparedo tradi-

tional metadataschemasisedin mediatorbasedsystems.

To illustrateour approachyve take examplesfrom the culturalapplicationdomain.
Thesaurugxamplesaretakenfrom the Art & Architectuie Thesaurug§AAT), one of
the Getty Information Institute's> ongoing projectsand known as one of the largest
thesauriin the areaof westernart historicalterminology Ontology examplesarein-
spiredfrom the ICOM/CIDOC RefeenceModel[19] which is the resultof oneof the
mostsignificantefforts for a formal representationf the basicnotionsof the cultural
applicationdomain.

Thispapeiis organizedasfollows. After having discussedelatedwork (Section2),
we successiely presenin Section3, thenotionsof ontologyandthesaurusndourap-
proachto theautomaticconstructiorof metadatachemadby integratingthoseseman-
tic componentsin thesamesectionwe will alsodescribeastraightforvardtranslation
of the resultingmetadataschemanto an RDF schema.Section4 definesa resource
descriptionmodelfor describingandqueryingWeb resourcedasedon our integrated
metadatachemaAn implementatiorof this descriptiormodelwith a standardbject-

http:/iwwwgii.gettyedu/



orienteddatabaseystemis presentedn Section5. Futurework is discussedn Sec-
tion 6.

2 Related Work
2.1 Search Engines

Within openandevolving ervironmentssuchasthe Web, full text andkeyword based
seach enginesimplementan easyand ratherefficient accesgo the underlyingdata
sources.Searchenginessuchas Altavista® and Yahod provide enhancedsearchca-
pabilitiesthroughthe classificationof WebresourcegfURLS) into hierarchicallyorga-
nizedinformation cateyories. Userscanrestrictthe searchspaceof a keyword query
by choosingsomespecificdomainof interestin form of a cateyory from the hierarchy
but cannotrepresentnoresophisticatede.g. structured)jueries.

2.2 Mediation systems

Mediation systems[50] provide more flexible and powerful tools for integrating
sourcesTheideais to establistappropriatanappingsetweerthesourcestructue and
themediatorsview. Thesemappingsareusedo selectsourcesandrewrite userqueries
into severalsourcequeries.Up to datethereexist two mainapproachessedin medi-
ationbasedsystems.In thefirst cateyory, sourceintegrationis basedon the global as
view approactwhich relieson a flexible (semi-structurediiatamodelto defineglobal
mediatorviews on differentsources Thedatamodelandmappinglanguageareableto
represenandintegratedatacomingfrom heterogeneoustructurecandsemi-structured
sourcesRepresentaie systemsn this category are TSIMMIS [11, 24], YAT [13, 16]
andMIX [5]. Theseconds basedon thelocal asview approactwhereeachsourceis
describedndependentlyasalocal view onthe mediatordomainmodelwhich captures
the basicvocahulary of a certaindomain,expressedn somedatabaseor knowlede-
baseformalism (e.g. DescriptionLogics[7]). InformationManifold [3], SIMS [12],
PICSEL[26], Infomaste25] andDISCO[49] arebasicexamplesof suchsystems.

An importantpart of the researcthasbeendirectedtowardsthe useof ontologies
as mediatordomain models. One of the first systemsto follow this approachwas
Carnot[17] that usesthe CYC [35] knowledgebasefor describingsourcecontents.
The CYC ontology containsabout10® generalconceptsand 106 assertionon these
concepts.An informationsourceis integratedin Carnotby providing mappingrules
betweerthe sourcestructuresand CYC structuresn the form of articulation axioms
Userqueriesareformulatedusingthe CYC structureswhich arethentranslatednto
local structureghroughthe establishednappingrules.

Similar to Carnot, OBSER/ER [37] and its later version InfoQuilt® use a
knowledge-basepproachbasedon the CLASSIC descriptionlogics [8] to provide

Shttp://www.altaista.com
4http://www.yahoo.com
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accesdo heterogeneousources.Eachinformation sourceis describedby a source-
specificontologyandinteroperationis achiezedthroughinter-ontologyrelationships.

2.3 Annotation systems

Documentinnotationsystemsonstitutea differentway to informationintegrationand
queryingonthe Weh Dataintegrationis obtainedby annotatingWeb documentswith
semanticdagsoriginatingfrom ontolagiesthat explicitly capturethe semanticof the
documentontents.

SHOE[29] (SimpleHTML OntologicalExtensions)extendsthe HTML element
setwith new elementtypesderived from applicationspecificontologies. In orderto
be ableto query Web documentsaccordingto their annotationsthe SHOE crawler
gathersand storesthe annotationof HTML pagesin a knowledgebase(Parka) that
canbequeriedvia first orderconjunctive queries.

Ontobroler[21] consistof toolsthatenhancejueryaccesandinferenceservices
for WebdocumentsSimilarto SHOE,HTML pagesareannotatedy elementagsde-
rivedfrom applicationspecificontologiesdefinedby usingalogical objectmodelwith
inferencerulesbasedon F-Logic. As in SHOE,annotatedHTML pagesaregathered,
annotationg@reextractedandstoredin Ontobrolerknowledgebasethatcanbequeried
with a powerful logical querylanguage.

OntoSeel28] supportscontent-basedccesdo the Web, designedfor informa-
tion retrieval from on-line yellow pagesand productcatalogs. OntoSeekcombines
an ontology driven contentmatchingfacility with a moderatelyexpressve represen-
tation formalism. In OntoSeekthe ontology incorporateds Sensus [33] basedon
WordNet[40] linguistic ontologies.Resourcalescriptionsare arbitrarylinguistic ex-
pressiongsentencesyhich areencodedaslinguistic conceptuabraphsusingthepre-
viously mentionedontologies. The bottleneckof this approachis that the semantics
obtainedby a linguistic analysisof a descriptionmight not correspondo the initial
semanticslefinedby its author Moreover, Sensugsontentsdo not oftencorrespondo
real world relationshipsbetweenclassef entitiesin the world, making difficult the
preciseencodingof information.

Quest4] wasdesignedndimplementedor queryingandmanipulatingdocuments
written in the OHTML [34] markuplanguage.OHTML supportsfine granularityse-
mantictaggingof HTML pages.In contratsto the previous systemshat requireex-
tensionsof the HTML tags, annotationsare encodedas HTML commentswith no
incidenceon the actualstructureof the HTML page.OHTML annotationareviewed
asOEM [42] objects,expressedn textual form within an HTML page. Questuses
the W3Lorel querylanguagepasedon the Lorel [2] languageo querythe OEM ob-
jects (semanticview), aswell asthe hypertet view (HTML tags)of the document.
Following this semi-structure@pproachQuestallows for arbitrarytaggingof HTML
pages offering a flexibility to the useron the choiceof semantictags. On the other
hand,it introducesa certaindegreeof semanticambiguityallowing userswithin the
samecommunityto annotatepsingdifferentterminologiescloselyrelateddocument
contents.



2.4 Metadata vocabularies

Over the pastyearsa greatamountof effort hasbeeninvestedin the developmentof
metadataocahulariesfor theexchangeof informationacrosslifferentapplicationsaand
domains.Dublin Coré® contritutesto semantidnteroperabilityby promotinga com-
monsetof elementsvhich canbe usedto describen a consistentnannerinformation
concerninghecontentsof electronicdocumentssuchastheirtitle, creator, or subject
USMARC’ definesa setof descriptie elementdfor the representatiomand exchange
of bibliographicdata.In the culturaldomainthe AquarelleProject[39] useshe XML
CI DTD (DocumentfType Definition) of the FrenchMinistry of Culture® to describea
setof elementhamesgdedicatedo territory inventorymaking. All theabove metadata
elementsetsarethe resultof the collaborationof a numberof usercommunitiesand
otherauthoritiesin the correspondindields.

2.5 Contribution

Our contrikution is twofold. Firstthe proposedntegrationof ontologiesandthesauri
canbe consideredas a methodologyto constructannotationand mediationschemas
by (re-)usingexisting semanticcomponentsn a domainof interest. This leadsto ef-
ficient and scalablemediatordesignsfor integrating and accessingsourceswithin a
domainof interest. The secondcontribution is a fairly simple database-orientesblu-
tion for queryingmetadatawhich avoidsrecursve treetraversalson thesaurbasedn
alinearencodingof thesaurusierarchiesWhereagheexpressve power of sourcede-
scriptionsis limited comparedo more powerful knowledge-basedhediatorsystems,
metadatajueryevaluationcanbeimplementedn avery efficientway.

3 Integrating Ontologies and Thesauri

3.1 Ontologies

Thetermontolagy hasbeenusedin severaldisciplines from philosophyto knowledge
engineeringwhereanontologyis comprisef conceptsconcepiproperties relation-

shipsbetweenconceptsand constaints Ontologiesare definedindependentlyfrom

the actualdata[27], reflecta commonunderstandingf the semanticof the domain
of discourseandare usedto shareand exchangeinformation betweersources.They

aredeclaratve specification®f the basicnotionsin adomain.In thefields of informa-

tion systemsanddatabassystemsan ontologywould be representethy a conceptual
schema.In our contet, we considerontologieswith inheritancerelations(isa) and

typedrolesbetweerconceptssufficientto modelalarge classof applicationghatcan

beeasilyrepresentedsRDF schemagSection3.4).

1 Anontologyisatriple O = (C, R, isa) definedasfollows:

8http://purl.oclc.og/dc/
http://lcwebloc.go//marcimarc.hinl
8http://aquarellenria.fr/Invertaire



1. C ={c,ca,...,cn} is asetof conceptswhere ead concepie; refeis to a set
of objects(conceptinstances)

2. R={ry,r9,...,rn} isasetof binary typedroleshetweerconcepts,

3. isa is a setof inheritancerelationshipsdefinedbetweenconcepts.Inheritance
relationshipgdefinea partial order over conceptsand carry subsesemantics.

Ontologiescanberepresentedslabeleddirectedgraphswherenodescorrespond
to conceptsandarcscorrespondo rolesandisa relationships.Figure 1 illustratesan
exampleontology inspiredfrom the ICOM/CIDOC ReferenceModel [19] which is
usedto describeculturalinformation. ConceptPhysical Object collectsall physical
objects,the latter composedf other physicalobjects. Activities (conceptActivity)
areassociatedvith physicalobjects the formerperformedby personsinstitutionsand
organizationgconceptActor). ConceptsBiological Object andMan-Made Object
aresub-conceptsf Physical Object andinheritall rolesdefinedin their superconcept.
Instancef Man-Made Object have a title (role has-title) instanceof conceptTitle
andhave beencreatedn aspecificperiod(role of-period instanceof conceptPeriod).
Iconographic Object is a sub-concepbf Man-Made Object. Iconographicobjects
have a style(role style), instanceof conceptStyle.

Act or .
is-composed-of

performed by Q
associated with

Activity —— = Pphysical Object
isA -7 S of-period

P ‘\\ESA ﬁPeriod
Bi ol ogi cal bj ect Man- Made Obj ect .
A has-title
11SA Title

I
I conographic bject—— = style
style

Figurel: A simpleculturalontology.

3.2 Thesauri : Structured Vocabularies

A vocahilaryis a collectionof termsthatdescribeénformationin a domainof interest.
Examplesof suchvocatulariesare the ACM ComputingClassificationSysterf, the
Library of CongressSubjectHeading4’, the Unified Medical Language Systerit and

Shttp://wwwiicm.edu:8080/jus classification
1Ohttp://www.grci.com/servicdsbrarylibcongress/ndex.shtml
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the Art & Architectuie Thesauru¥ in the cultural domain. Thesauriare structured
vocahulariesof thousandof termswhich are usedas efficient meansfor consistent
indexing andretrieval of information.

Thesaurusermsareconsideredasthe representationf conceptdn the form of a
nounor a nounphrase.Conceptsare perceved by thesauruglevelopersasreferring
collectively to a setof objects(conceptinstance} [38] thatareconsideredassuchnot
with respecto aformal classificatiorproces$ut throughacommonagreementUnder
this perspeciie,theinterpretatiorof athesaurusermis a setof objects whichwe call
the extensionof theterm. Thesauriaresaidto be structuredsincethey includea fixed
setof semanticterm relationships.Due to the settheoreticdefinition of terms,these
semantiaelationshipsareinterpretedcasrelationsbhetweersets[20, 47].

ThelSO 2788Standard31] for thedocumentatiorandestablishmenof monolin-
gualthesauridefinesthe following four kinds of termrelationshipswhich distinguish
structuredhesaurifrom arbitrarycollectionsof terms:

1. genearlization(broadertermgeneric- btg),

2. instance(broaderterm- bt),

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

5. equivalencgusedfor term- uf).

Term relationshipshtg andbtp arecalledhierarchical. In this paperwe areonly
concerneawvith btg relationship$® which carry subsesemanticandarethe mostfre-
quentlyusedhierarchicalrelationships.Neverthelesspur approachcaneasily be ex-
tendedwith equivalencerelationships: equivalenttermsgenerallyplay the role of
synoryms. In our approacha term (or descriptor)canbe consideredasa canonical
namefor theequivalenceclassdefinedby the equivalencerelationship.

btg-relationshipsaretransitiveand organizetermswith similar semanticsgnto di-
rectedacyclicgraphs(DAG), referredto ashierarchies or classificatiorschemesTwo
examplesof btg-hierarchiesare shavn in Figures2 and3. For examplein Figure2,
term paintingsis broaderthanoil paintings with the interpretationthat oil-paintings
arepaintings.A thesaurusierarchyis definedby its root term atermwith no broader
term(e.g. <visualworks> in Figure2). We assumemnono-hiearchical thesauriwhich
canberepresentety a forestof hierarchiesvhereeachtermhasexactly onebroader
term.

Althoughthedefinitionwe giveis notcompletew.r.t. all possibleermrelationships
existing in realthesaurit is sufficient for creatingrich metadatachemata.

2 Athesauruss a coupleT = (D, btg) suc that
1. D = {t1,ts,...t,} isasetof terms,

2. btg definesa partial orderingin D whele ead termhasat mostonepredecessor

Lnttp://wwwahip.gettyeduhocaoulary/aa_intro.html
13The interestedeadercanreferto ISO 2788[31] for a deeperpresentatiorof the remainingtermrela-
tionships.



< visual works >

A

I
< visual works by medium or technique >
B ,VF\ .
- , N

paintings sculpture drawings

- ~

< paintings by material or/technique X p\aintings by form >

I I
oil paintings miniatures

- = broader term generic relationship

Figure2: Part of the Art & Architecture ThesaurusierarchyVisual Works which col-
lectsall artifactsthatareusedfor visualcommunicatior{paintings sculpturesphotos).

<styles and periods>
_——’—7<~“‘——_
<styles and periods by region> < international post-194d&tyles and movements >
‘ A
european < post-1945 fine arts stylend movements >
A A
| . |
<european styles and periods> abstract impressionist
—"’7A<—“‘~_
e 1 Tt -a
<modern europeastyles and movements> Art Deco <renaissance baroqustyles and periods>
I I
<modern european fine adyles and movements > renaissance
-7 /4\ S .7 /4\ S
-7 | S -7 | S
impressionism ' post-impressionism early renaissancé  high renaissance
first-impressionism late renaissance
- -=  broader term generic relationship

Figure 3: Part of the Art & Architectue ThesaurusierarchyStyles& Periodswhich
collectsall styles,periodsandmovementf Art in thewesternworld.



3.3 Integrating Ontologies and Thesauri

In this section,we presenta methodologyfor the constructionof metadataschemas
basedntheintegrationof existing ontologiesandthesaurusierarchiesTheconstruc-
tion is donein two steps.In thefirst step,we specifyfor eachontology concepte, a
setof terms,consideredssub-conceptsf ¢. This stepis similarto establishingnter-
schemaassertiong10] for databaseschemaintegration and cannotbe a completely
automatedprocesssinceit requiresthe knowledgeof the thesaurusandthe ontology
semanticsln the secondstep,a concepthesauruds extractedautomaticallyfor each
concept. This thesaurugontainsthe termsconnectedo the conceptin the first step,
alongwith broadergeneric(btg) relationshipsierivedfrom theinitial thesaurusyhich
canbe doneautomatically The integrationof eachextractedconceptthesaurusith
theontologyproducesa metadataschemaconsistingof a structural view (providedby
theontology)anda semanticview (provided by thesaurusierarchies).

Step 1: Specialization of Conceptswith Terms

Term Concept Term Concept
impressionism Style paintings Iconographic Object
post-impessionism Style oil paintings Iconographic Object
abstmactimpressionism| Style sculptue Iconographic Object
renaissance Style earlyrenaissance | Style

renaissance Period earlyrenaissance | Period

late renaissance Style highrenaissance | Style

late renaissance Period highrenaissance | Period
first-impiessionism Period first-impressionism| Style

Figure 4: A connectionrelation Con for AAT hierarchiesStyles& Periods Msual
WorksandontologyconceptsStyle, Period andlconographic Object.

In thefirst stepof theintegrationprocessthesaurusermsare“connected’to ontol-
ogy conceptsTheseconnectiondelongto abinaryconnectiorrelationCon C D x C
over a setof thesaurugerms D anda setof ontologyconceptsC'. An exampleof a
connectiorrelationis presentedn Figure4. Termsimpressionismpost-impessionism
and abstact impressionisnof the Art & Architecture ThesaurushierarchyStyles&
Periods(Figure3) describespecificstyles(ontologyconceptStyle in Figurel). Term
first-impessionisnof the samehierarchydescribedbotha styleandaperiod(concepts
Style and Period respectiely). Similarly, term renaissanceand its narraver terms
of hierarchyStyles& Periods describedifferent typesof stylesand periods(ontol-
ogy conceptsStyle andPeriod respectiely). Finally, termspaintings oil paintings
andsculptue of the AAT hierarchyMisual Works (Figure2) describadifferentkinds of
iconographimbjects(ontologyconcepticonographic Object).

Thewaytheuseractuallychooseshe conceptdo beconnectedo a giventermwill
not be discussedn this paper Briefly speakinggitheroneconnectg with somecon-
cepte with the assumptiorthatall descendantsf ¢ areconnectedo ¢ or onechooses




explicitly amongthedescendantsf ¢.

In the previousexample we do not connecthewholethesaurusierarchyStyles&
Periodsto conceptsStyle andPeriod. We adoptthis selectiveapproad, i.e. relating
thesaurusermsto ontologyconceptsxplicitly, for severalreasonsAn obviousreason
is thatsometermscould be out of the scopeof the applicationthathasto be described
by theresultingmetadataschemalor example,if someapplicationis only concerned
with paintings,thentermsreferringto artifactsotherthan paintings(e.g. sculptue,
drawingg neednotbe consideredn theresultingschemaAnotherreasoris thatsome
terms(e.g. guidetermsin [31, 48]) are usedto organizethesaurusierarchieqe.g.
<visualworksby mediumor technique>) andmight have no usefor describinginfor-
mation. Finally, anotherimportantreasonis that thesaurusierarchiesmight contain
termswhich canbe connectedo differentconceptsFor example termsof the AAT hi-
erarchyStyles& Periods(Figure3) describestyles(e.g. impressionisry periods(e.g.
art decq, or both stylesandperiods(e.g. renaissance Connectingermsto concepts
in a selectve mannerallows usersto clarify betweerthe multiple semanticof aterm
(e.g.asin thecaseof homonympandconsequentlyesole semanti@ambiguitiesatthe
thesaurugevel.

Obsenre that a term can be connectedo several concepts,For example,in the
connectionrelationillustratedin Figure 4, term first-impessionismis connectedo
both Style andPeriod concepts.

Step 2 : Thesaurus Extraction

After having definedthe connectiorrelationbetweentermsand conceptswe extract
for eachconcepin the connectiorrelation,athesaurusgalledconcepthesaurus

Let 7 be a thesaurugsonnectedo a subsetof conceptsS C C' by a connection
relationCong. Then,extract(S, 7T ) is anew thesaurushatcontains(1) the subsebf
all termsin 7 connectedo conceptsn S and(2) all btg relationsbetweertheseterms,
inducedby thebtg relationsin theinitial thesaurusMore precisely:

3 Denoteby Cong(t, ¢) the relational table whee ead tuple representsthe con-
nectionbetweena term ¢ in thesaurusT = (D, btg) and a conceptc in S. Then
extract(S,T) = (D', btg') is a new thesaurusvhere

e D' =m(Cong) is thesubsebf termsin the connectiorrelation.

e btg' is inducedby the partial order definedby btg ontermsin D’ : for all pairs
of termst andt’ in D', if btg(t,¢'), i.e. t' is a broaderterm of ¢ in the initial
thesaurusT, thenbtg'(t,t'), i.e. t' is a broadertermof ¢ in the new thesaurus
extract(S,T).

It is possibleto definea conceptthesaurus?, for eachconceptc in the set of
ontologyconceptsS asfollows:

4 LetT beathesaurusS, bethesetof sub-conceptsf ¢ includingc andCong, bea
connectiorrelationdefinedfor 7 and S.. Thenthe conceptthesaurusssociatedvith
cisdefinedas?, = extract(S.,T).
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For the definition of a conceptthesaurusve exploit not only the btg relationsbe-
tweenthe termsbut alsothe isa relationshipsat the ontologylevel. Considerthe ex-
amplein Figure5. Termst, v andw areconnectedo concepts:, d ande respectiely.
Theextractionoperationon concepte will constructhethesaurug, thatcontainshe-
sidestermt, termsv andw thatareconnectedo its sub-conceptsObsere alsothata
termcanappealin multiple concepthesauriandtermsthatarenot connectedo ary
conceptsuchas,for example,termu in Figure5, have disappearedrom the concept
thesauriMoreover, the selectionoperationon concept: createdabtg relationbetween
termsw andt¢ whichwerenotdirectly relatedin theoriginal thesaurus.

Selection Concept Thesauri
-s:’ TC |
Lt 1
Thesaurus T | Labeling function Ontology O Ly 653\6 w !
. -—C_/ SR :
isal /_\_,71’ Td |
) -/ vO O w
isal : ‘
- e
/\\w’ Te :
! w O |

Figureb: ExtractedThesaurug&xamples.

At this point, we shouldmentionthata conceptthesauruganbeinducedby those
of its superconcepts.For example,if d is a sub-concepbf ¢, and7, is the concept
thesaurusf ¢, thenthe conceptthesaurusf d canbe extractedfrom thesaurud’, as
follows: 7; = extract(Sq,7.). In the previousexample,only concepthesaurug, of
concepte hasto be extractedfrom the original thesaurug/. All thesauricorrespond-
ing to sub-conceptsf ¢ might thenbe createdon demandduring the creationof the
metadataschemgSection3.4).

3.4 RDF schema construction

Thefirst applicationof theresultingmetadatachemas straightforvardandconsistsn
thecreationof anRDF schema Ontologyconceptandthesaurusermsin themetadata
schemaaremodeledasRDF classes andontologyrolescorrespondo RDF proper-
ties. Ontologyisa relationshipsconnectiorrelationsbetweertermsandconceptsand
btg relationsbetweentermsall carry inclusion semanticsand are modeledwith the
RDF subclassOf property
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Resour ce Description Framework

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

data [9]** which supportsstandardmechanismgor the representatiorof metadata
schemasswell assourcespecificmetadata.lt relieson a simple, graph-basedata

modelandusesXML (eXtensibleMarkup Languagey’ to communicateand process
metadatan a machinereadableandhumanunderstandabl®rmat. Similar to the sep-

arationof schemaandinstancein traditional databasesye candistinguishbetween
RDF schemasandRDF descriptionginstance®f anRDF schema).

RDF descriptions

RDF canbe usedto describeary kind of resouce, identifiedby a URI (Uniform Re-
sourcddentifier),suchasaWebsener,anXML documenbr anelemenof anHTML
page(e.g.animage).RDF supportghedefinition of resourceropertieswhosevalues
canbeotherresourcesr literals(strings,integers).A collectionof property/valugairs
thatrefersto aspecificresources calledanRDF descriptionandcanberepresenteds
alabeleddirectedgraph wherenodescorrespondo resource®r literals (values)and
edgedo resourceproperties.

Figure6 shavs anRDF descriptionfor a Web pagethatdescribes paintingof the
FrenchpainterClaudeMonet. The XML namespacenechanisnallows the specifica-
tion of differentRDF schemas.For example,lines 2 and3 definetwo XML names-
paces xImns:web-page andximns:artifact. Thefirstonecontainggeneraproperties
of HTML pageg(title, presents, creator) andthe secondone specifiegpropertiesof
cultural artifacts(title, style, type, period). This mechanismnis very usefulsinceit
permitsthereuseof existing, distinct RDF schemasvithin the sameRDF description,
without creatingnameconflicts (e.g. web-page:title, artifact:title). Line 4 tells us
thatthe descriptionthat follows concernghe HTML pagewhich canbe accessedby
the URL http://metalab.unc.edu/louvre/paint/monet/first/impression/. Thetitle of
this pageis “Web Museum:Monet,Claude: Impression: soleillevant” (line 5) and
hasbeencreatedby Nicolas Pioch (line 14). To describepropertiesof the painting,
it is necessaryo 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) and period
(first-impressionism, line 11).

RDF schemas

TheRDF SchemaSpecificatioLanguage[9] is adeclaratve languageusedfor thedef-
inition of RDF schema¥ incorporatingaspectérom knowledgerepresentatiomodels
(e.g. semanticnets),databaseschemadefinition languagesandgraphmodels. It is a
simple languageof restrictedexpressve power comparedo predicatecalculusbased
metadatdanguagesuchasCycL [35] andKIFY’,

Lhttp:/iwww3c.og/RDF
L5http:/www.w3.00/XML/

18|n thefollowing RDF Shemawill denotethespecificationanguageusedto defineRDF schemas.
nttp://logic.stanford.edkif/kif.html
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1. <rdf:RDF xmins:rdf ="http://ww. wW3. or g/ 1999/ 02/ 22- r df - synt ax- ns#"

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

4. <rdf:Description

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

</web-page: title>

6 <web- page: present s>

7. <rdf: Description about="soleil_levant">

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

9 <artifact:title>lnpression : soleil levant</artifact:title>
10. <artifact:styl e>i npressionisnx/artifact:style>

11. <artifact:period>first-inpressionisnx/artifact: period>

12. </rdf: Description>

13. </ web- page: pr esent s>

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

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 Sdhema(namespacedfs) which hasthe
standardsemanticof classinheritancein object-orienteddatamodels. For example,
the RDF schemallustratedin Figure7 definesclassMan Made Obiject (line 4) and
its subclassconographic Object (lines5,6). It alsodefinesxclassestyle (line 7), Pe-
riod (line 8). RDF Schemaallows bothtypedanduntypedproperties Propertiesn our
examplearetyped(i.e. they have arestricteddomainandrange).ln Figure7, property
period (line 15) is definedbetweernclassesvian Made Object (line 16) andPeriod
(line 17), usingthe RDF Schemaropertiegdfs:domain andrdfs:range respectiely.
Summarizing,RDF offers a rich, comparatiely simple graph-basediatamodeland
supportsthe definition of sourcespecificmetadatg RDF descriptionsland metadata
schematdRDF schemas).t usesXML for the syntacticalrepresentationgxchange,
andprocessingf thesemetadata.

RDF metadata schema construction

The creationof the RDF schemas$ for anontology O = (C, R,isa), and a setof
concepthesauriZ, = (D, btg) is straightforvard:

1. RDF classes : for eachontology concepte andfor eachtermt in 7., define
RDF classeg andc:t, respectiely.

2. RDF properties : for eachtypedrole (¢, d) in R definean RDF propertywith
rdfs:domain RDF classc andrdfs:range RDF classd.

14



1. <rdf:RDF xmins:rdf ="http://ww. wW3. or g/ 1999/ 02/ 22- r df - synt ax- ns#"

2 xm ns: rdf s="http://ww. w3. or g/ TR/ 1999/ PR- r df - schenma- 19990303#"

3 xm ns:artifact="">

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

5. <rdfs: C ass rdf:|D="1conographi c (bject">

6 <rdf s: subcl assO rdf:resource="#Man Made bject"/></rdfs: d ass>
7 <rdfs:Cl ass rdf: 1 D="Styl e"></rdfs: d ass>

8. <rdfs:d ass rdf: | D="Period"></rdfs: Cl ass>

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

10. <rdf s: domai n rdf:resource="#l conographic Cbject"/>

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

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

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

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

16. <rdf s:donmi n rdf:resource="#Man Made Object"/>

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

18. </rdf: RDF>

Figure7: An RDF schemdor describingculturalresources.

3. RDF subclassOf properties defineanrdfs:subclassOf propertybetweerthe
correspondingRDF classedor eachisa (and btg) relation betweenontology
conceptgandthesaurugerms). In addition,for eachRDF classc:t, thatcorre-
spondgo the root term of concepthesaurud,, addanrdfs:subclassOf prop-
erty betweerclasses:t andc.

It is interestingto notethatwe connecionly theroottermof eachconcepthesauruso
the correspondingoncept.Dueto thetransitvity of therdfs:subclassOf property it
canbeinducedthatatermt is a subclassOf anothertermt or aconcepte.

The RDF schemadllustratedin Figure8 hasbeenconstructedrom the ontologyin

Figurel, the thesauruglassificationschemesn Figures2 and3, andthe connection
relationin Figure4.
Ontology conceptsMan Made Obiject, Iconographic Object, Style, Period and
termsoil paintings paintings impressionismand first-impessionismare all repre-
sentedas RDF classeqlines 5,7,9,11,21,23,25,27). RDF classpaintings 8 is de-
finedasasubclas®f classlconographic Object (line 22), sincetermpaintingsis the
roottermof thelconographic Object concepthesaurusln thesameway, classesm-
pressionism andfirst-impressionism aredefinedassubclassesf classesStyle and
Period respectiely (lines26,28). Classoil paintings is a subclas®f classpaintings
(line 24) (definedby the btg-relationsbetweertermoil paintingsandterm paintings.
Ontologyrole style is definedasan RDF property its domainbeingthe classlcono-
graphic Object (line 19) andits rangeclassStyle (line 20). By definition of the
subclassOproperty all subclassesf Iconographic Object inheritthis property

Using this RDF schema,one can provide RDF descriptionsabout specific Web
resources.For example,a nev RDF descriptionfor the sourcedescribedn Figure6
is shavn in Figure9. Whencomparingthis new descriptionwith the previous one,

18For readabilitypurposestermsareonly prefixed with the correspondingonceptif they aresharedby
differentconcepthesauri.
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1. <rdf:RDF xmins:rdf ="http://ww. wW3. org/ 1999/ 02/ 22- r df - synt ax- ns#"
2. xm ns: rdf s="http://ww. w3. or g/ TR/ 1999/ PR- r df - schema-
19990303#"
3. xm ns:int="">

4. <rdfs:d ass rdf: | D="Physical Object"></rdfs:Cl ass>

5 <rdfs: C ass rdf:|D="Man- Made Object">

6 <rdfs: subcl assO rdf:resource="#Physical Object"/></rdfs:d ass>
7 <rdfs: C ass rdf:|D="1conographic (bject">

8. <rdfs: subcl assO rdf:resource="#Man- Made Object"/></rdfs:d ass>
9. <rdfs:d ass rdf: | D="Period"></rdfs: Cl ass>

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

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

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

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

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

16. <rdf s: domai n rdf:resource="#MVan Made Object"/>

17. <rdfs:range rdf:resource="#Title"/></rdf:Property>
18. <rdf:Property rdf:1D="style">

19. <rdf s: donmi n rdf:resource="#l conographic Object"/>
20. <rdfs:range rdf:resource="#Style"/></rdf:Property>
21. <rdfs:d ass rdf:|D="paintings">

22. <rdfs: subcl assOf rdf:resource="#l conographi c Ob-

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

24. <rdf s: subcl assO rdf:resource="#paintings"/></rdfs: d ass>
25. <rdfs:d ass rdf:|D="inpressionisn>

26. <rdfs: subcl assO rdf:resource="#Styl e"/></rdfs: d ass>

27. <rdfs:dass rdf:1D="first-inpressionisni>

28. <rdf s: subcl assOf 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://netal ab. unc. edu/ | ouvr e/ nanmespaces/ web-
pages”

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

4 <rdf: Description

5 about ="htt p:// metal ab. unc. edu/ | ouvr e/ pai nt/ monet/first/highway/">
6

<web- page:title>Web Museum Monet, Cl aude :|npression

sol eil |evant </ 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>Inpression : soleil levant</int:title>
11. <int:style><int:inpressionism></int:style>
12. <int:of-period><int:first-inpressionisnm>
13 </int:of -period>
14. </int:oil paintings>
15. </ web- page: pr esent s>
16. <web- page: cr eat or >Ni col as</ web- page: cr eat or >

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

Figure9: RDF descriptionfor ClaudeMonetpaintingusingtheintegratedschema.

one canobsene that we have replacednamespacartifact by a new namespacént
which correspondso the RDF scheman Figure8. In this RDF description,semantic
informationthatwascapturedasa valuein the previousdescriptionhasbeenaddedat
the schemdevel. For example,the fact thatthe resourcedescribedan impressionist
paintingwasencodedn the valueof tag <artifact:style>. This valuecorrespondsn
factto atermin the AAT andis representedsaninstanceof classint:impressionism
(line 11) in thenew schemaThesameargumentholdsfor thevaluefirst-impessionism
which is now representeds an instanceof RDF classint:first-impressionism (line
12). Obsenrealso(tag <rdf:Description>) (Figure®6, line 7), hasbeenreplacedy a
typednodetag <int:oil paintings> (line 8) indicatingthatthedescribedesourcés an
oil painting.

4 Resource Description M odel

A metadataschemaresultingfrom the above integrationprocessdescribesa domain
of interestandis definedby a community of peoplethat want to provide tools for
describingand queryingresourcesn this domain. In particular thosetools allow the
sharingof a dynamicsetof WebresourcesA sourcethatis integratedin the system,
providesa descriptionof its structure,contentsor even of somesemanticawvhich is
not explicit in the datanor in its structure. This descriptionis madein termsof the
metadatachemaOncea sourcehasprovidedits descriptionjt becomewisibleto the
systemandit is saidto be published At a giventime instant,the pair (schema,setof
souicedescriptions)s calledthedescriptionbase(bB).

The descriptionbase(DB) is managedy a mediatorwhich providesto the user
a uniform view of the publishedsourcesanda usermustexpresshis/herqueryto the
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mediatorin termsof the metadataschema.

Transparentlyo the user the mediatorselectsa subsef sourcesasananswero
auserquery If aselectedsources containsa collectionof documentsthe mediator
couldforwardto s a subquerypasedon the userqueryin orderto filter thedocuments
(fragments)of interestin s. The mediatorcan then constructquery plansthat are
sentto the selectedsourcesfor evaluation,and gathersthe returnedresults. In the
generamediationscenariove have describedwe couldidentify two phasesthefirst,
is the oneof identificationof the relevant sourcedo a userquery known asresouce
discovery phasethe seconds the constructiorof queryplans,their evaluationby the
sourcesandthe fusion of the returnedresults. In this paper we do not addresghis
secondstep.We restrictour attentionto thefirstissuewhich is theidentificationof the
sourceselevantto auserquery

Our approachviews the DB asa databasequeriedfor source addressesA source
addresscalledin thesequeb url canbetheaddres®f a site containinga collectionof
documentsvith homogeneousr heterogeneoustructurestheaddres®f a singledoc-
umentor thatof adocumenfragment.Oncethe userhasobtaineda setof urls, he/she
is ableto acces®achof them. In the following, we first definethe resouce descrip-
tion model Next, we specifythe semanticof a DB for a given schemaanda given
setof describedsources.An implementatiorof this modelis discussedn Section5.
Examplesof queriesaregivento illustrateour approacho resourcediscovery.

4.1 Description of sources

A sourcds describedn termsof oneor severalconceptsFor eachconcept:, wedefine
asetof typedpropertiesP(c) asfollows:

1. If ¢is connectedo someconcept:’ throughrole r, we shallsaythatr is a(role)
propertyof typec'.

2. Eachconcepte is provided with a specificpropertyof nameterm andof type
T., whereT, is the conceptthesauruof ¢. Note that herea thesaurugerm¢
is consideredhs a value of propertyterm while in the RDF schemapresented
in Section3.4 atermt thatbelongsto the concepthesaurusf a conceptc was
viewedasa sub-conceptf c.

3. Let A beasetof atomicvalues.W.l.g., we assumehat A is the setof strings®®.
Then,it is possibleto createfor aconcepic anew propertyp of type A. Property
p is referredto asa valuepropertyof ¢. Theenrichmenbf themetadataschema
with valuepropertiesallowsto refinesourcedescriptionsbut the priceto bepaid
is anincreasen thesizeof the DB.

4. Thereis no otherpropertyin P(c).

To describesomesource onechoosedo specifypropertiesof oneor several con-
cepts. More precisely a (source) descriptionis a tuple (u, ¢, d) wherew is the URL
of the sourceto be describedandd is a conceptdescriptorfor concepte definedas

19wWe might alsoaddotheratomictypessuchasinteger or Date.
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follows. Let P(c) bethesetof propertiesof someconcepic. A conceptdescriptorfor
concepicis atupled = (p1 = di,....,pn = dn), pi € P(c),0 <n < |P(c)| where

e p; € P(c)andp; # p; forall i # j, i.e. eachpropertycanbe usedat mostonce
in adescriptor

o if p; istheterm propertythend; is atermof thethesaurug,
o if p; isavaluepropertyr of type 4, thend; is anelemenif A.

e if p; is arole propertyr of type ¢, thend; = (¢',d’') whered' is a concept
descriptorfor concepte’.

Thefollowing examplesof sourcedescriptiongely ontheontologyof Figurel.
(urll, Actor)

(url2, Actor, name= “Monet”)

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

(url4, Activity, performedby = Actor)

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

o g ~c w N e

(url5, PhysicalObject,of_period= “impressionism”,tern+ “paintings”).

The first descriptiondefinesno propertieson conceptActor (the descriptionis the
emptytuple[]) andsourceurll is aboutary kind of actors.The secondsourceurl2 is
aboutactorswhosenameis Monet(nameis a valuepropertyof conceptActor of type
String). Thethird sourceurl3 is aboutpainters(term= “painter”) with name“Monet”
(painteris a term of the thesaurusonnectedo conceptActor). The fourth descrip-
tion saysthatsourceurl4 is aboutactiities performedby ary kind of actors(concept
Activity associatedo conceptActor throughrole performedby). Finally sourceurl5
is describedby the last two descriptionsstatingthat this sourceis aboutactiities of
paintersandaboutpaintings(term="paintings”,conceptPhysical Object) of theim-
pressionisperiod.

Thetwo lastdescriptionsare shortcutsfor (url5, Activity, performedby = (Actor,
term= “painter”)) and(url5, PhysicalObject,term= “paintings”, of_period= (Period,
term = “impressionism”)). Whenthereis no ambiguity (single target conceptfor a
role), thetargetconceptmay be omitted. Similarly, by corventionif no valueis speci-
fied for thetermpropertyof aconcept;, thenasvalueis consideredo betherootterm
of ¢’'sconcepthesaurus.

4.2 Object-Oriented Description Base

A DB is asetof sourcedescriptionsasdefinedin the previoussection.It corresponds
to a setof sourcespublishedat a given time instant,eachof the sourcess classified
by one or more conceptof the metadataschema.We usea classicalobject-oriented
databasapproacho representindinterpretdescriptions a classis definedfor each
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conceptandadescriptionis anobjectof this class. Theextensionof classe, i.e. theset
of objectsof classe storedin the DB representshe descriptionsclassifiedby ¢. The
DB is the union of the extensionsof all classes.The only peculiarity of this object-
orientedrepresentatiosomesfrom the semanticassociateavith theterm hierarchies
in conceptthesauri: if o corresponddo the sourcedescription(u, ¢, d = [term =
t,ps = do,...,pn = dy]) andbelongsto the extensionof classe, thenfor all broader
termst’ in thethesaurusonnectedo ¢, objecto’ with description(u, ¢, d' = [term =
t',p2 = da, ..., pn, = dy]) alsobelonggo the extensionof ¢. In otherwords,if (u, ¢, d)
is asourcedescriptionin thepB, then(u, ¢, d') alsobelongso theDB. For example (i)
termpaintings andoil paintings aretermsin theconcepthesaurusf Iconographic
Object, (ii) termpaintings is a broadertermof oil_paintings and(iii), if asourceu
in thedescriptiorbaseis aboutoil_paintings, thenthedescriptionbasedescribeslso
this sourceasbeingaboutpaintings.
Obsenrethat:

¢ if no URL is describedby concepte, the extensionof ¢ is empty (¢ hasno de-
scriptioninstance),

e if (u,c,d) isin theextensionof ¢ and¢’ is asuperconcepif ¢, then(u, c',d) is
in theextensionof ¢, i.e. all resourceshataredescribedy aconceptescription
(u, ¢, d) arealsodescribedby a conceptdescriptor(u, ¢, d), wherec is a sub-
concepbf ¢’ (inclusionsemantic®f isa).

Note alsothatexceptfor the (thesaurus)ermattribute definedon a tree-structured
domain,ourdescriptiormodelcanbeexpressedby ary object-orientediatabasenodel
(seefor examplethemodelof [1]), i.e. canbesupportedy arny object-orientedystem.
In the following section,we shall shav that by an appropriatecoding of thesaurus
terms,we donotneedanymoreanexplicit treestructurgthetreestructurebeinghidden
in thevalueof theterm),whichrendershedescriptiormodelfully compatiblewith an
object-orientediatabaseepresentation.

5 Implementation

In this sectionwe describea prototypeimplementationof the bB with the object-
orienteddatabasesystem(ODBMS) O [22] andits queryingwith the OQL query
languagd15]. Althoughperhapgoocomplex asanenduserlanguage©QQL supports
rathercomple queriesandallows a powerful mediationwith informationsourcesWe
look attwo possiblemplementation®f the DB. Thefirst subsectiordescribesanim-
plementatiorbasedon a representationf thesaurin form of trees.However, the per
formanceof queriesnvolving anextensie useof thesaurtraversalamightsuffer of the
somehav naive thesaurusnternalrepresentationThis is why we suggesin the sec-
ondsubsectiora linearizedrepresentationf thesauriwhich shouldleadto significant
performanceyains.
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5.1 A NaiveObject Oriented mplementation of the bB

Metadataschemaconceptsare implementedas O, classes. A sourcedescription
(u, ¢,d) is anobjectof classc. Its valueis a tuple whoseattributesare (i) a manda-
tory attributewith nameurl storingthe url of the sourcedescribedy the object,(ii) a
mandatoryattribute term thatcorrespondso term propertyandhasfor a valuea the-
saurugermand(iii) asmary attributesasthe propertiesof thecorrespondingoncept.
A role propertyr is implementedas an attribute r referringto an objectof classc’,

wherec’ correspondso thetargetconceptof therole. Valuepropertiesp, i.e. proper

tiesfor which the targetis an atomictype A arenotreferringto an objectbut have a
valueof type A, whereA is anatomictype of O, 2°. Termsarerepresentedsobjects
(instancespf classTerm. Thevalueof eachobjecto, instanceof classTerm, is atuple
of type[t, f] wheret is thenameof theterm (of type String) and f refersto its broader
term. For eachclassc we definea persistentroot cs (databasentry point) of type
set(c) which containsall objectsof classc (all descriptionsof conceptc). Similarly,

for eachclassc we definea persistentoot tc of type set(Term) which containsall

termsin the concepthesaurusf c. For evaluatingqueriesrequiringthesaurusgraver-

sals,we definein eachclassc themethodtree(t : string) : set(Term) whichreturns
the setof narravertermsof ¢ in the conceptthesaurusf c. As mentionedpreviously,

the querylanguageausedto querythe DB is OQL. The userspecifiesa pathin the on-
tology (by specifyingrole propertiesaswell asterm and/orvalue attributes.A query
alwaysgivesasa resulta setof urls. We shov below a few examplesof querieson
the schemaof Figure 1 which hasbeenintegratedwith the thesaurushierarchiesof

Figures2 and3.

1. Sourcesaboutactors?

sel ect d.url
fromd in Actors

This queryselectssourcedescriptionsinstance®f classActor.

2. Sourcesabout(ary kind of) painters?

select d.url
fromd in Actors
where d.termin d.tree(‘‘painter’’)

This queryselectsall sourcedescriptionsinstance®f classActor for which the
termusedin thedescriptionis painteror oneof its narraverterms.

3. Sourcesmboutactiities concerningnan-madebjectsof therenaissancperiod?

sel ect d.url
fromd in Activities
where d. associated _with.of _period.termin
d. associated_with. of _period.tree
(*“renai ssance’’)

20The O3 objectmodelis anhybrid modelwhichincludesobjectsencapsulateih classesindtypedvalues
which arenot encapsulatethto ary class.
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This queryselectsall actiities (instance®of classActivity) associated with an
object(instanceof classMan-Made Object) of therenaissanceeriod(notethat
of-period is a propertyof type Period).

4. SourcesboutPicassasasculptor?

sel ect d.url
fromd in Actors
where d.name = ‘‘Picasso’’
and d.termin d.tree( ‘‘sculptor’’ )

This queryselectsall objects,instance®f classActor, whosenameis “Picasso”
andthe termusedto describethe actoris sculptoror oneof its narrover terms.
In this query propertyname is avaluepropertyof type String.

5. Sourcesaboutpaintersof sculptures?

sel ect a.performed_by. url
froma in Activities
where a.perforned_by.termin
a.perfornmed_by.tree(‘‘painter’’)
and a.associated_with.termin
a.associated with.tree(' " sculpture’’)

This queryselectsall sourcesjnstancef classActor, (notethatrole property
performed_by of classActivity is of typeActor), wherethetermassociategvith

the actoris painter or oneof its narraver termsandthe term associatedavith a
man-madebject(notethatrole propertyassociated_with of classActivity is of

typeMan Made Object) is sculptue or oneof its narroverterms.

5.2 Another Thesaurus|Implementation

Theaboreimplementatioriakesadvantageof theefficient optimizationof OQL except
in the presencef methodtreein thewhereclausewhich allows to deduceall descrip-
tionsin the DB thatuseanarrovertermof the onepresenin thequery Thisthesaurus
traversalnot only is costly but may alsolead to non optimal query executionplans.
Thisis particularlytruefor complex queriessuchasthelastonein theabove examples.

Thereforeeventhoughqueryingin sucha modelonly requiresa limited form of
deductionon the btg relationin conceptthesaurithis facility becomesa centralissue
whenqueryingdescriptionbasesncludingthesauriwith thousand®f terms. Theidea
is thento transformthesaurudraversalqueriesinto equivalentinterval querieson a
linear domain,which queriescould then be efficiently answeredy standarddBMS
querylanguagesvithout deductionmechanisms.

To achievethis, thesaurusermsarereplacedoy labelsfor which a corvenienttotal
orderexists. Thethesaurusreeis saidto belinearized asexplainedbelow.

The maximaldegreeor fan-outin ary thesauruss denotedoy mazx, which means
thateachthesaurusermhasat mostmaz directsonsin the hierarchy Assumefor the
time beingthatmaz = 9. At eachlevel sibling sonsarerankedfrom left to right, with
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rankin [1, maz]. Letn beanodein thetree. We labeln with astringovertheintegers
1, 1 < i < max. Thestringlengthis d if n is atdepthd in thetree. Thei-th character
in thelabelof n is equalto m if thei-th nodein thepathfrom rootto n hasfor arankm
(its is themth of its siblingsfrom left to right). Figure 10 givesan exampleof labeled
thesaurusvith maz = 9 whereeachtermis only representedy its rank.

Figurel10: LinearizedRepresentationf a Thesaurus

Let label(t) denotethe label of term¢. Thenthe ascendindexical orderon term
labelsis a total orderwith the following property: all labelsin the sub-treewith root
t arelargerthanlabel(t) andsmallerthaniabel(t') wheret' is the next sibling of ¢ on
theright in the thesaurus.As an example (maxz=9), the next sibling of noden with
label22 hasfor alabel23 andthe descendantsf n arelabeledby 221, 2221, 2222,...,
2227, 223 and224.

Thenin adescriptionstoredin the DB, athesaurusermis representedy a string
label and descriptionscan be indexed (with the systemB-tree) on the term label as
ary regularO- object. Furtheratypical querysuchasdescendantsf termt (obtained
by tree(t) in the abose implementation)becomesan interval queryon nodelabels:
if thetermn is labeledby 222, thentree(n) becomeghe interval query [222, 223].
More generallylet next(n) bethelabelof the next sibling of n ontheright. Query“t
in tree(n)” becomesheinterval query“label(t) betweer[label(n), label(next(n))[".
As anexample theabore OQL queryfor "Paintersof sculptures’is rewritten as:

sel ect a. performed_by. url
froma in Activities
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Ib in LActors,
I min LManMadeQbj ect s

where Ib.term= '"'painter’’
and Imterm= ‘‘sculture’’
and a. perfornmed_by. | abel
between (I b.label, |Ib.nextlabel)
and a. associ at ed-wi t h. | abel
between (I mlabel, | mnextlabel)

We supposéhatwith eachclassc is associatea classLc definingthelabelsof the
concepthesaurusor c, i.e. definingfor eachtermt, its labelandits next sibling label.
With eachclassLc is associatedhe entry point Lcs which is a collectionof objects
of classLc. For example,therangeof | b is the collection(labels)LAct or s. It cor-
responddo the term painterin the conceptthesauruof Actor andl b. next | abel
is thelabelof the next sibling of thistermin the samethesaurus.

Comparedo thesamequerywith thetreeimplementatiorof thethesaurushetwo
lastclauseqtreetraversal)arereplacedby two selectionsaandtwo interval querieson
labelsof the collectionsLAct or s andLManMadeQbj ect s.

Threeremarksarenotevorthy. First, the priceto be paidis the two supplementary
selectionclauseson labels. Of courseLAct or s andLManMadeQhj ect s mustbe
indexedon the term attribute. Secondthe descriptionsnustbe preprocesseih order
to replacetermshby labels.Any changen thelabelof atermmustbepropagatedo the
descriptions However, the advantageof this solutionis two-fold : it allows to process
tree traversalsby standarddatabaseptimizationtechniqueson interval queriesand
the performancegainto be obtainedshouldbe significantfor queriesinvolving large
thesaurandseveralcriteriaonthesauruserms.

Last, if the query involvesseveral thesauri,the query can be transformednto a
hyperrectanglgueryon a multidimensionakpaceof labels. As an example,take the
queryabove “Painterswho paintedsculptures”Any s; descriptiorhaving for aterma
membeiin tree(“sculptures’) andary s, descriptiorhaving for aterm,amembetin
tree( “painter") is acandidatdor theanswer Sucha pairis a pointin thetwo dimen-
sional spacewith coordinatesu.per formed_by.label and a.associated_with.label.
Thenthetwo lastand clausescanbereplacedby a window query This s illustrated
by Figure 11: all pointscontainedin the rectanglerepresentouplesof descriptions
on Actor andMan-Made Object (urls) candidatedor the queryanswer If queries
involving bothathesaurusraversalonthe concepthesaurusf Actor andMan-Made
Object arefrequent,it is worth creatinga 2-dimensionaindex on Actor labelsand
Man-Made Obiject labels.

2-dimensionalSpatial)indexing methodf23] aswell asspatial queryprocessing
strategieqd41] arenotyetfully integratedin thekernelof off theshelfDBMS. However
a currenttrend of theseDBMS is to provide simple andfairly efficient extensionsto
handlespatialdata.As anexample [45] describeshespatialextensionof therelational
DBMS Oracles8i.

We endup this presentationwith a discussioron the choiceof the maximalvalue
of the fan-outmaz. Most thesaurihave a maximalfan-outof the orderof 100. As
anexample,the AAT thesaurugan-outis 70. Thenareasonablealuefor max is 128
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allowing to codea nodelabel by a string of characterseachcharactetbeingchosen
in avocahulary of 128 characterslf a noden with labell hasa degreethathappens
to be larger thanmaz?* the following simple splitting stratgy can be followed (see

Figure12 which shavsthetreeof Figure10 afterthesplit resultingfrom theinsertion

of asonto thenodewith label2, max = 9):

1. Createtwo sonsfor n with labell and2. Thesetwo sonsn; andny arenot
associateavith any term.

2. Assignto ny the (maz + 1)/2 left sonsof n andto ns the (maz + 1)/2 right
sons. Let [.i bethelabelof theith sonof n prior to the split. After the split if
i < maz/2, its labelbecomes.1.i , elseit becomed.2.i. Thisupdatehasto be
propagatedecursvely down thetree.

Figurel2: Splitting a LinearizedThesaurus

6 FutureWork

In this paper we have presentedh modular componentbasedapproachto the con-
structionof metadatasschemasasedon the integration of ontologiesand thesaurus
hierarchies.A prototypeunderdevelopmentprovidestoolsto supportthe creationof
ametadatachemaesultingfrom (a) the specificatiorof connectiorrelationsbetween

21Eitheruponthethesaurugreationor uponaterminsertionposteriorto the creation.
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athesaurug andanontology @, and(b) the automaticcreationof concepthesauri.
We have alsoshavn two applicationsusingsuchmetadataschema (i) the automatic
creationof RDF schemaand (ii) the descriptionand queryingof sourcedescriptions
. Thesauriare represente@s tree-structuredattribute values,and althoughnot sup-

portedby off the shelf DBMS, the useof tree-structuredlomainsis usefulin several

applicationareasseefor example[44, 14].

Our examplesweretaken from the cultural applicationdomainwhich disposesa
largenumberof thesauri RCHME 2 (Royal Commissiorof theHistoricalMonuments
of England),ICONCLASS?3, ULAN?# (United List of Artist Names),Thesaurusle
I'Architecture of the FrenchMinistry of Culture?® are someof thesethesauri. Nev-
erthelessthe presentedpproactcanalsobe appliedto otherscientificdomains(e.g.
medicine,biology or chemistry)or electroniccommerce(e.g. electroniccatalogue)
applicationghatdisposerich classificatiorstructures.

An interestingssueconcernghespecificatiorof theconnectiorrelation. Whereas,
this relationcanbe specifiedmanuallyfor alimited numberof termsandconceptsits
creationgetscumbersom&henthenumberof connectedermsandconceptsncreases.
Therearetwo possiblesolutionsto this problem. First, thesaurusermsareoftenused
for indexing documents.The existenceof thesetermsat the datalevel might thenbe
exploited for the automaticcreationof the connectionrelation by using datamining
techniquesThesecondsolutionconsistdn the definitionof simpledeclaratve queries
(e.g.pathexpressionsjor extractingsetsof thesaurugerms.

As describedn Section4, the resultingmetadataschemacanbe percevedasthe
domainmodelin mediationbasedsystemsandit playsan essentiatole in achiesing
semantidnteropembility betweerthe sourcesWe arecurrentlystudyingthe useof the
metadataschemdo describahe structureof XML sourcedy establishingappropriate
mappingrules betweenthe XML DTDs andthe metadataschemasn the spirit of the
Xyleme Project®. We intendto implementa mediatorthattakesadwvantageof boththe
semanticsourcedescriptionsandthe structuraldescriptiongo mediateuserqueriesto
underlyinginformationsources.

We arecurrentlyapplyingthis approacho the definition of semanticallyrich do-
mainmodelsin the context of the C-Web project’.

C-Web is primarily a resourcediscovery and information integration systemfor
specificusercommunitieson the Web, with a mediatorbasedarchitecture.As a re-
sourcediscovery system,it allows to describeexisting information resourceswith
structuredmetadataacting as surrogatef the actualdocuments.A Web resource
is viewedby the mediatorasavalid XML documenor acollectionof valid XML doc-
uments. C-Web aims at selectingdocumentsaccordingto their descriptionin a first
step,andto sendin a secondstepto selectedsourcesaqueryin astandardKML query
languageandto integratethe result. In this context we are extendingthe description
modelof Sectiond sothatthe mediatorcanautomaticallygenerateXML queriesirom

22http://www.rchme.ge.uk/thesaurusion_types/dedult.htm
23http:/ficonclass.letuu.nl/fome.html
24nttp://shva.pubgetly.edutilan_browser/
2Shttp://mwwculture.gour/documenation/thesach/pres.htm
26http://wwwxyleme.com
27http://cwekinria.fr/ovebproj.html
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(i) the userqueryand(ii) the informationfoundin the sourcedescriptionof sources
beingselected.
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