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Abstract. Recentresearcthasshovn that RDF Schemaasa schemdayer SemanticWeb language,
hasa non-standardnetamodelin@rchitectureAs aresult,it is difficult to understan@ndlacksclear
semanticsThis paperproposes fixedlayermetamodelingrchitecturdor RDF SchemdRDFS(R))
anddemonstratelow the problemsof RDF Schemacanbe solved underRDFS(FA). Basedon this
metamodelingarchitecture a clear model-theoreticsemanticsof RDFS(FA) is given. Interestingly
RDFS(FA) also benefitsDAML+OIL by offering a firm semanticbasisand by solving the “layer
mistale” problem.

1 Intr oduction

The SemantioNeb,with its vision statedoy Berners-le¢l], aimsatdevelopinglanguagesfor express-
ing informationin amachineunderstandablform. Therecentexplosionof interestin the World Wide
Web hasalsofuelledinterestin ontologiesIt hasbeenpredicted(Broekstraet al. [3]) thatontologies
will playapivotalrolein the SemantidVebsinceontologiescanprovide shareddlomainmodelswhich
areunderstandablt bothhumanbeingandmachines.

Ontology (UscholdandGruninger[20Q]) is, in generalarepresentatioof a sharedconceptualiza-
tion of a specificdomain.It providesa sharedand commonunderstandingf a domainthat canbe
communicatedetweenpeopleand heterogeneouanddistributed applicationsystemsAn ontology
necessarilyentailsor embodiessomesort of world view with respecto a given domain.The world
view is usuallyconcevedasa hierarchicaldescriptionof importantconceptgis-ahierarcly), a setof
crucialpropertiesandtheir inter-relationships.

Berners-leq1] outlinedthe architectureof SemanticWeh We would like to call it a functional
architecture becausehe expressie primitives are incrementallyintroducedfrom languagesn the
lowestlayer (i.e. matadatdayer)to thosein the higherlayer(e.g.logical layer),sothatthe languages
in eachlayercansatisfytherequirement®f differentkinds (or levels) of applications:

1. Inthemetadatdayer, asimpleandgeneramodelof semanti@ssertion®f the Webis introduced.
Thesimplemodelcontaingusttheconcept®f resouceandproperty, whichareusedo expresghe
metainformationandwill be neededy languagesn the upperlayers.The ResourceDescription
Framevork (RDF) (Lassilaand R.Swick[13)]) is believed to be the generalmodelin metadata
layer.

2. In theschemalayer, simpleWebontology languagesreintroducedwhich will definea hierarchi-
cal descriptionof conceptgis-ahierarcly) andpropertiesThesdanguagesisethe generamodel
in metadatdayerto definethe basicmetamodelingrchitectureof Web ontologylanguagesRDF
SchemgRDFS)(Brickley andGuha[2]) is a candidateschemdayerlanguage.



3. In thelogical layer, more powerful Web ontolagy languagesreintroduced.Theselanguagesre
basednthebasicmetamodelin@rchitecturalefinedn schemdayer, anddefinesamuchricherset
of modellingprimitivesthatcane.g.be mappedo very expressve DescriptionLogics (Horrocks
etal. [11], Horrocks[10]) to supplyreasoningservicesor the SemantioNeh OIL (Horocksetal.
[9]) andDAML+OIL (vanHarmeleretal.[22]) arewell known logical layerlanguages.

This paperwill focuson the metamodelingirchitecture otherthanthe functionalarchitectureWe
shouldpointoutthat“metamodeling’andthe“metadatdayer” in thefunctionalarchitecturearenotthe
same Metadataneangdataaboutdata.Metamodelingconcernghe definition of the modellingprim-
itives (vocahulary) usedin a modellinglanguage Many software engineeringmodellinglanguages,
including UML, are basedon metamodelsAmong the SemanticWeb languagesthe schemdayer
languagesireresponsibleo build the metamodelingrchitecture.

In this paper we aguethat RDFS,asa schemdayerlanguagehasa non-standaréndnon-fixed
layer metamodelingarchitecture which makes someelementsin the model have dual rolesin the
RDFSspecificationThereforejt makesthe RDFSspecificationtself quite difficult to understandby
the modellers.The evenworsething is thatsincethe logical layerlanguagege.g.OIL, DAML+OIL)
are all basedon the metamodelingarchitecturedefinedby schemalayer languagegRDFS), these
languageshereforehave the similar problemsg.g.the“layer mistale” discussedn Section2.3.

We proposea fixed layer metamodelingarchitecturefor RDFS (we call it RDFS(FA)) which is
similar to the metamodelingarchitectureof UML. We analysethe problemsof the non-fixed meta-
modelingarchitectureof RDFSanddemonstratéow theseproblemscanbe solvedunderRDFS(R).
Furthermore\We give a clearsemanticdo RDFS(FR).

Therestof thearticleis organizedasfollows. In Section2 we explainthedatamodelof RDF, RDFS
andDAML+OIL, thelanguage$elongingto the matadatdevel, schemdevel andlogical level of the
SemanticWeb Architecturerespectiely. We will focuson the metamodelingarchitectureof RDFS
andlocatewhatthe problemsareandwherethey comefrom. In Section3 we discusshe advantages
anddisadwantage®f fixedandnon-fixed layermetamodelingrchitectureandthenbriefly explain the
metamodelingarchitectureof UML. In Sectiond4 we proposeRDFS(FA), andgive a clearsemantics
to RDFS(FA). We alsodemonstratdnow the “layer mistale” problemwith DAML+OIL is solvedin
RDFS(FA). Section5 briefly discusshe advantagesf RDFS(FA) andour attitudeson how to make
useof UML in theWebontologylanguages.

2 Current Data Models of SemanticWeb Languages
2.1 RDF DataModel

As a SemanticWeb languagen the metadataayer of the functionalarchitectureRDF is a founda-
tion for processingnetadatalt providesinteroperabilitybetweerapplicationghatexchangemachine-
understandablaformationon the Weh The foundationof RDF is a modelfor representingramed
propertiesand propertyvalues.The RDF datamodel providesan abstractconceptuaframework for
definingandusingmetadataThe basicdatamodelconsistsof threeobjecttypes:

Resources: All thingsbeingdescribedby RDF expressionsarecalledresouces A resourcemay be
anentireWebpage apartof aWeb page,awhole collectionof pageqWebsite); or anobjectthat
is notdirectly accessiblevia the Web, e.g.a printedbook. Resourcearealwaysnamedby URISs.

Properties: A propertyis a specificaspect,characteristicattribute, or relation usedto describea
resource.

Statements: A specificresourceogetherwith a namedpropertyplus the value of that propertyfor
thatresourcas anRDF statement
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Home Page of Jeff Z. Pan

Figurel: An Exampleof RDFin aDirectedLabeledGraph

In a nutshell,the RDF datamodelis an object-property-alue mechanismThe metadatanfor-
mationis introducedby a setof statementsn RDF. Thereare several waysto expressRDF state-
ments.First, we canusethe binary predicateform Property(objectalue),e.g. Title(* http://img.
cs.man.ac.uk/jpan/zhilin ', “Home Page of Jef Z. Pan”). Secondly we can diagraman
RDF statemenpictorially usingdirectedlabeledgraphs:[object ]-Property>[value]’ (seeFigurel).
Thirdly, RDF usesan ExtensibleMarkupLanguaggXML) encodingasits interchangesyntax:

<rdf:Description rdf:ID  ="http://img.cs.man.ac.uk/jpan/zhilin" >
<Title >Home Page of Jeff Z. Pan</Title >
</rdf:Description >

The RDF datamodelis so called “property-centric”.We canusethe “about” attribute to add more
propertiesto the existing resource Generallyspeakingwith the object-property-alue mechanism,
RDF canbeusedto express:

e attributesof resourcesin this casethe‘value’is aliteral (e.gthe“Title” propertyabove);

¢ relationshipsbetweenary two resourcesin this casethe ‘value’is a resourceandtheinvolved
propertiegepresendifferentrolesof thetwo resourcesvith this relationshipjn thefollowing ex-
ample thereexistsa“creatorhomepagetelationshigbetweerthttp://img.cs.man.ac.uk/jpan/Zhilin
and“http://img.cs.man.ac.uk/memberlist#jpafseealsoFigurel):

<rdf:Description rdf:ID  ="http:/img.cs.man.ac.uk/memberlist#jpan” >
<Homepage rdf:resource ="http://img.cs.man.ac.uk/jpan/zhilin"/ >

</rdf:Description >

<rdf:Description about ="http://img.cs.man.ac.uk/jpan/zhilin" >
<Creator rdf:resource ="http://img.cs.man.ac.uk/memberlist#jpan"/ >

</rdf:Description >

e weaktype of resourcesthe ‘type’ is weakbecauseRDF itself hasno standardway to definea
Classsothetypehereis regardedonly asa specialattribute; for example,

<rdf:Description about ="http://img.cs.man.ac.uk/memberlist#jpan” >
<rdf:type rdf:resource ="#Person"/ >
</rdf:Description >

e statementboutstatementRDF canbe usedfor makingstatementaboutotherRDF statements,
which arereferredto ashigherorder statementsT his featureof RDF hasyetto be clearlydefined
andis beyondthe scopeof this paper

2.2 RDF ShemaDataModel

As we have seenpntheonehand,RDF datamodelis enoughfor definingandusingmetadataOnthe
otherhand,the modellingprimitivesofferedby RDF arevery basic.Althoughyou candefine“Class”
and“subClassOf asresourcesn RDF (no onecanstopyou doingthat), RDF providesno standard
mechanismgor declaringclassesand (global) properties,nor doesit provide ary mechanismdor
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Figure2: DirectedLabeledGraphof RDF Schema

definingtherelationshipdetweemropertiesor betweerclassesThatis therole of RDFS—aSemantic
Weblanguagen theschemdayer.

RDFSis expressedy using RDF datamodel. It extendsRDF by giving an externally specified
semanticgo specificresourcesln RDFS,rdfs:Clasgs usedto defineconceptsj.e. every classmust
be aninstanceof rdfs:ClassResourceshat are describedoy RDF expressionsare viewed to be in-
stancef the classrdfs:ResourceThe classrdf:Propertyis the classof all propertiesusedto char
acterizeinstancesdfs:ResourceTherdfs:ConstraintResouraefinesthe classof all constraintsThe
rdfs:ConstraintPropertis a subsetof rdfs:ConstraintResourcand rdf:Property all of its instances
arepropertiesusedto specifyconstraintse.g.rdfs:domainandrdfs:range For example,thefollowing
RDFSexpressions

<rdfs:Class rdf:ID  ="Animal" >

<rdfs:comment >This class of animals is illustrative of a number of
ontological idioms. </rdfs:comment >

</rdfs:Class >

<rdfs:Class rdf:ID ="Person" >

<rdfs:subClassOf rdf:resource ="#Animal'/ >
</rdfs:Class >
<rdf:Description rdf:ID ="John" >
<rdf:type rdf:resource ="#Person"/ >
<rdfs:comment >John is a person. </rdfs:comment >
</rdf:Description >
<rdf:Description rdf:ID ="Mary" >
<rdf:type rdf:resource ="#Person"/ >
<rdfs:comment >Mary is a person. </rdfs.comment >
</rdf:Description >

definethe classes'Animal” and“Person”, with the latter beingthe subclassf the former, andtwo
individuals“John” and“Mary”, which areinstance®f the class‘Person”.Individual “John” canalso
be definedin this way,

<Person rdf:ID ="John" >
<rdfs:comment >John is a person. </rdfs.comment >
</Person >

whichis animplicit way to definerdf:type property Notethathere“Person”is a class.
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Figure3: A “Person—hasFriendExampleof RDF Schema

Figure 2 picturesthe subclass-ofindinstance-ofierarcly of RDFS: rdfs:Resourcerdfs:Class,
rdf:Propertyrdfs:ConstraintResour@ndrdfs:ConstraintProperigreall instance®f rdfs:Classwhile
rdfs:Classrdf:Propertyandrdfs:ConstraintResour@esubclas®f rdfs:Resourcdt is confusingthat
rdfs:Clasdgs a sub-clas®f rdfs:Resourcewhile rdfs:Resourcéself is aninstanceof rdfs:Classatthe
sametime. It is alsostrangethatrdfs:Classs aninstanceof itself.

In RDFS, all propertiesare instancesof rdf:Property The rdf:type property modelsinstance-of
relationshipsbetweenresourcesand classesThe rdfs:subClassOpropertymodelsthe subsumption
hierarcly betweerclassesandis transitve. Therdfs:subPropertyOfropertymodelsthe subsumption
hierarcly betweerpropertiesandis alsotransitve. Therdfs:domairandrdfs:rangepropertiesareused
to restrictdomainandrangeproperties For example thefollowing RDFSexpressions

<rdf:Property rdf:ID ="hasFriend" >

<rdfs:domain rdf:resource ="#Person"/ >
<rdfs:range rdf:resource ="#Person"/ >
</Irdf:Property >

<rdf:Description about ="#John" >
<hasFriend  rdf:resource ="#Mary"/ >
</rdf:Description >

definea property “hasFriend”betweentwo “Person”sand (‘John’, ‘Mary’) is an instanceof “has-
Friend” (seeFigure3).

In RDFS,propertiesareregardedassetsof binary relationshipbetweerinstance®f classese.qg.
a property“hasFriend”is a set of binary tuplesbetweentwo instancesf the class“Person”. One
exceptionis therdf:type,sinceit is justtheinstance-ofrelationshipln this senserdf:typeis regarded
asaspecialpredefinechroperty

Figure 2 also shaws the rangeand domainconstraintdn RDFS-rdfs:domairand rdfs:rangecan
be usedto specifythe two classeghat a certainpropertycan associatewith. So the rdfs:domainof
rdfs:domainand rdfs:rangeis the classrdf:Property the rdfs:rangeof rdfs:domainandrdfs:rangeis
theclassrdfs:ClassTherdfs:domainandrdfs:rangeof rdfs:subClassOs rdfs:ClassTherdfs:domain
andrdfs:rangeof rdfs:subPropertyOf rdf:Property Therdfs:rangeof rdf:typeis theclassrdfs:Class.
Therdf:type propertyis regardedasa setof binarylinks betweerinstancesandclassegasmentioned
above), while thevalueof therdfs:domainpropertyshouldbeaclass thereforerdf:type doesnot have
therdfs:domainproperty(cf. Brickley andGuhal[2]).

As we have seen RDFSusesomeprimitive modellingprimitivesto defineothermodellingprim-
itives (e.g. rdf:type, rdfs:domain rdfs:range rdf:type andrdfs:subClassOf)At the sametime, these
primitivescanbe usedto defineontologiesaswell, which malkesit ratheruniquewhencomparedo
conventionalmodelandmetamodelin@pproachesandmakesthe RDFSspecificatiorvery difficult to
readandto formalize(Nejdl et al. [16], Broekstraet al. [3]). For example,in Figure3, it is confusing
thatalthoughrdfs:Classs therdf:typeof “Animal”, both“Animal” andrdfs:Classarerdfs:subClassOf



rdfs:Resourcewhererdfs:Classis a modelling primitive and “Animal” is an userdefinedontology
class.

2.3 DAML+OIL DataModel

DAML+OIL is an expressie Web ontology languagen the logical layer. It builds on earlier W3C
standardsuchasRDF andRDFS,andextendsthesdanguagesvith muchrichermodellingprimitives.
DAML+OIL inheritsmary aspectsrom OIL, andprovidesmodellingprimitivescommonlyfoundin
frame-basetanguagesit hasa cleanandwell definedsemanticdasedn descriptionogics.

A completedescriptionof the data model of DAML+OIL is beyond the scopeof this paper
However, we will illustrate hov DAML+OIL extendsRDFS by introducingsomenew subclasses
of rdfs:Classand rdf:Property One of the mostimportant classesthat DAML+OIL introducesis
daml:DatatypeDAML+OIL dividesthe universeinto two disjoint parts,the objectdomainandthe
datatypedomain. The object domain consistof objectsthat are membersof classesdescribedin
DAML+OIL. Thedatatypedomainconsistof thevaluesthatbelongto XML SchemalatatypesBoth
daml:Clasqobjectclass)and daml:Datatypeare rdfs:subClassOfdfs:Class Accordingly, properties
in DAML+OIL shouldbe eitherobjectpropertieswhich relateobjectsto objectsandareinstanceof
daml:ObjectPropertygr datatypeproperty which relateobjectsto datatypevaluesandareinstance of
daml:DatatypeProperty Both daml:ObjectPropertgnddaml:DatatypePropertgre rdfs:subClassOf
rdf:Pro-perty For example,we candefinea datatypepropertycalled“birthday”:

<daml:DatatypeProperty rdf:ID  ="birthday" >

<rdf:itype rdf:resource ="http://www.daml.org/2001/03/daml+oil#UniqueProp-

erty"/ >

<rdfs:domain rdf:resource ="#Animal"/ >

<rdfs:range rdf:resource ="http://www.w3.0rg/2000/10/XMLSchema#date"/ >
</daml:DatatypeProperty >

Besidesheinganinstanceof daml:datatypePropertthe “birthday” propertyis alsoaninstanceof
daml:UniquePropertyvhich meanghat“birthday” canonly have one(unique)valuefor eachinstance
of the“Animal” class.In fact,daml:UniquePropertis so usefulthatsomepeopleevenwantto useit
to refineDAML+OIL predefinecropertiese.g.daml:maxCardinality:

<rdf:Property rdf:about  ="#maxCardinality" >
<rdf:itype rdf:resource ="http://www.daml.org/2001/03/daml+oil#UniqueProp-
erty"/ >

</[rdf:Property >

This statemenseemsohviously right, however, it is wrong becausahe semanticof daml:Unig-ue-
Propertyrequiresthatonly the ontologypropertiescanbe regardedasits instancegcf. van Harmelen
etal. [21]). Thisis the so called“layer mistale”. The reasonthat peoplecaneasily make the above
“layer mistale” liesin thefactthattheschemdayerlanguageRDFSdoesnt distinguishthemodelling
informationin theontologylevel andthatin thelanguagdevel. Anotherexampleis whatwe hadmen-
tionedbeforein Figure3, it is not appropriatehatbothrdfs:Classand“Animal” arerdfs:subClassOf
rdfs:Resource.

It is the existenceof the dualrolesof someRDFSmodellingelementse.g.rdfs:subClassOfthat
malkesRDFShave unclearsemanticsThis partially explainswhy Brickley andGuha[2] didn't define
the semanticof RDFS.We shouldstresghat DAML+OIL is built on top of the syntaxof RDFS, but
not the semanticsof RDFS. On the contrary RDFS relieson DAML+OIL to give semanticgo its
modellingprimitives.In otherwords,DAML+OIL not only definesthe semanticof its newly intro-
ducedmodelling primitives, e.g.daml:UniquePropertydaml:maxCardinalityetc., but alsothe mod-
elling primitivesof RDFS, e.g.rdfs:subClassOfdfs:subPropertyOf,dfs:domainrdfs:rangeetc (van
Harmelenet al. [see21]). This breaksthe dependeng betweenlogical layer languagesand schema



layerlanguagesndindicatesthat RDFSis not yet afully qualifiedschemdayer SemantidWeb lan-
guage.

3 Fixed or Non-fixed Metamodeling Ar chitecture?
3.1 TheAdvantagesandDisadvantgesof Non-fixedMetamodelingArchitectuie

The dual rolesof someRDFS modellingelementsndicatethat somethingmight be wrong with the
metamodelingarchitectureof RDFS. The RDFS hasa non-fixed metamodelingarchitecture which
meanghatit canhave possiblyinfinite layersof classesTheadwantagds thatit makesitself compact.
However, it hasat leastthe following threedisadwantage®r problems:

1. Theclassrdfs:Classs aninstanceof itself. Usually, a classis regardedasa set,andaninstanceof
theclassis amemberof theset.A Classof classesanbeinterpretedasa setof setswhich means
its membersaresets.In RDFS,all classegincludingrdfs:Classareinstance®f rdfs:Classwhich
is suspicioushy closeto Russellparadox.The paradoxariseswhenconsideringhe setof all sets
thatarenot memberof themseles.Sucha setappeardo bea memberof itself if andonly if it is
notamemberof itself, hencethe paradox.

2. Theclassrdfs:Resourcés a superclasandinstanceof rdfs:Classat the sametime, which means
thatthe superset(rdfs:Resourcels a memberof the subse{(rdfs:Class).

3. The propertiesrdfs:subClassOfidf:type, rdfs:rangeand rdfs:domainare usedto defineboth the
other RDFS modelling primitives and the ontology which makes their semanticsunclearand
makesit very difficult to formalizeRDFS.E.qg.it is not clearthatthe semanticof rdfs:subClassOf
is asetof binaryrelationshipdetweertwo setsof objectsor a setof binaryrelationshipdetween
two setsof setsof objects,or else.

As aresult, RDFS hasno clearsemanticsijt evenrely on DAML+OIL to give itself semantics,
which makesRDFSa not sosatishictoryschemdayersemantidVeblanguage.

3.2 TheAdvantgesandDisadvantgesof Fixed MetamodelingArchitectuie

We candemonstrat¢he advantage®f fixed metamodelingirchitectureoy shawving how the problems
of RDF Schemamentionedn Section3.1 aresolvedunderthefixed metamodelingrchitecture.

The reasonthat problem 1 exists is that RDFS usesa single primitive rdfs:Classto implicitly
represenpossiblyinfinite layersof classesButdowereally needinfinite layers of classesn practice,
rdfs:Clasausuallyactsasa modellingprimitive in theontologylanguageandis usedto defineontology
classege.g.“Person”).Onereasonableolutionis to explicitly specifya certainnumberof layersof
classprimitives,with onebeinganinstanceof anotherandthe classprimitivesin thetop layerhaving
no type atall, which meanghatit is not aninstanceof anything. It isn’t becausét cant have atype,
but becausd doesnt haveto have atype,from thepragmatigointof view. Thisis themaindifference
betweenhefixedandnon-fixed metamodelingrchitecture.

But how mary classprimitivesdo we really need?Problem2 indicatesthatwe needat leasttwo
classprimitivesin different metamodelingayers—oneas the type of rdfs:Resourcethe otherasa
subclas®f rdfs:Resourcdn fact,in thefour-layermetamodelingrchitectureof UML, thereexist two
classprimitivesin differentmetamodelindayers,which areClassin metamodelayerandMetaClass
in meta-metamodehyer (seeSection3.3).In practice,it hasnotbeenfoundusefulto have morethan
two classprimitivesin the metamodelingrchitecturgtechnologyinc. [19, pg. 298]). Thereforeijt is
reasonabléeo explicitly definetwo classprimitivesin differentmetamodelindayersof RDF Schema,



oneis MClassin Metalanguagd.ayer and the otheris LClassin Ontology LanguagelLayer* (see
Section4.1). This makes RDFShave a similar metamodelingarchitectureto that of the well known
UML, sothatit is easyfor themodellersto understand.
Problem3 is mainly aboutpredefinedproperties.It can be solved by specifyingwhich level of
classwe intendto referto whenwe usethesepredefinecbroperties(seeSectiord.1).
Fromthediscussiorabove, we believe thatalthoughthe schemdayerlanguagevon’'t be ascom-
pactasit is, therewill be severaladwantagesf it hasa fixed metamodelingrchitecture:

1. Wedon't have to worry aboutRussells Paradox.
2. It hasclearformalizedsemantics.

3. DAML+OIL andotherlogicallayer SemantidVeblanguagesanbebuilt ontop of boththesyntax
andsemanticof the RDFSwith fixedmetamodelingrchitecture.

4. It is similarto the metamodelin@rchitectureof UML, easyto understanénduse.

3.3 UML MetamodelingArchitecture

The Unified Modelling Language(OMG [17]) is a general-purposegisual modellinglanguagethat
is designedto specify visualise,constructand documentthe artifactsof a software system.It is a
standardbject-orientedlesignlanguagehathasgainedvirtually globalacceptancdJML hasafour-
layermetamodelingrchitecture.

1) TheMeta-metamoddlayerformsthefoundationfor the metamodelin@rchitectureThe primary
responsibilityof thislayeris to definethelanguagdor specifyingametamodelA meta-metamodel
candefinemultiple metamodelsandtherecanbe multiple meta-metamodelsssociateavith each
metamodelExamplesof meta-objectsn the metamodelindayerare:MetaClassMetaAttribute.

2) A Metamodeis aninstanceof a Meta-metamodelThe primary responsibilityof the Metamodel
layeris to definealanguagédor specifyingmodels Examplef meta-objectin themetamodeling
layerare:Class Attribute.

3) A Modelis aninstanceof aMetamodelTheprimaryresponsibilityof theModel Layeris to define
alanguagehatdescribe@aninformationdomain.Examplesn Model layerareclass‘Person’and
property“hasFriend”.

4) UserObjectsareaninstanceof a Model. The primary responsibilityof the UserObjectsLayeris
to describea specificinformationdomain.Examplesin User ObjectsLayer are“John”, “Mary”
and(‘John’,'Mary’).

Thefour-layermetamodearchitecturas a provenmethodologyfor definingthe structureof com-
plex modelsthatneedto bereliably stored,sharedmanipulatecandexchangedKobryn[12]). In the
next section,we will usethe metamodelingnethodsof UML to build a fixed layer metamodeling
architecturdor RDFS.

4 Web Ontology LanguageData Model with Fixed Metamodeling Ar chitecture

We will now illustrate what the datamodel of an RDF-based/\eb ontologylanguagewill look like
underthefixed metamodelingrchitecture.

1In this sensetherearethreekinds of classesmetaclassesn the Metalanguagé ayer, languageclassesn the Language
Layerandontologyclasseswhich areinstanceof LClass,in OntologyLayer
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Figure4: DirectedLabeledGraphof RDFS(FA)
4.1 RDF SthemaData Modelwith Fixed MetamodelingArchitectuie

Firstly, we will mapthe original RDFSinto RDFS underthe Fixed metamodelingArchitecture(or
RDFS(F) for short). One principle during this mappingis thatwe try to minimise the changesve
male to RDFS.

As we discussedn Section3.2, we believe it is reasonabléo definea four-layer metamodeling
architecturdor RDFS(FA). Thesefour metamodelindayersare:

1. TheMetalanguge Layer (M Layer, correspondingo the Meta-metamodedlayerin UML) forms
the foundationfor the metamodelingarchitecturelts primary responsibilityis to definethe lan-
guagelayer. All the modellingprimitivesin this layer have no types(seeSection3.2). Examples
of modellingprimitivesin this layerarerdfsfa:MClassandrdfsfa:MProperty

2. TheLanguage Layer (L Layer, correspondingo the MetamodeLayerin UML), or Ontology Lan-
guage Layer, is aninstanceof the Metalanguagéayer Its primaryresponsibilityis to definealan-
guagefor specifyingontologies Examplesof modellingprimitivesin this layerarerdfsfa:LClass,
rdfsfa:LPropertyBoth of themareinstance®f rdfsfa:MClass.

3. TheOntolagy Layer (O Layer, correspondingo the Model Layerin UML) is aninstanceof Lan-
guagelLayer Its primary responsibilityis to definea languagethat describesa specificdomain,
i.e. anontology Examplesof modellingprimitivesin this layerare“Person”and“Car”, whichare
instance®f rdfsfa:LClassand“hasFriend” whichis aninstanceof rdfsfa:LProperty

4. The InstanceLayer (I Layer, correspondingo the User ObjectsLayerin UML) is aninstance
of Ontology Layer Its primary responsibilityis to describea specificdomain,in termsof the
ontologydefinedin the OntologyLayer Examplesn thislayerare“Mary”, “John” andhasFriend
‘John’,'Mary’).

RDFS(R) is illustratedin Figure4. We mapthe modellingprimitivesof RDFSto the primitives
in correspondingnetamodelindayersof RDFS(FR), sothat no modelling primitiveswill have dual



rolesin the metamodelingrchitectureof RDFS(FR).
First, we maprdfs:Classandits instanceprimitivesin RDFSto the metamodelingarchitectureof
RDFS(FRA) asfollows:

1. rdfs:Classis mappedto rdfsfa:MClassin Metalanguagd.ayer and rdfsfa:LClassin Language
Layer, sothatrdfsfa:LClasss aninstanceof rdfsfa:MClass.

<rdf:Description rdf:ID ="MClass" >

<rdfs:comment >The concept of class in the Metalanguage Layer.
</rdfs:comment >

<rdfsfa:msubClassOf rdf:resource ="#MResource"/ >

</rdf:Description >

<rdfsfa:MClass rdf:ID ="LClass" >

<rdfs:comment >The concept of class in the Language Layer. </rdfs:comment >
<rdfsfa:lsubClassOf rdf:resource ="#LResource"/ >

</rdfsfa:MClass >

2. rdfs:Resourcés mappedo rdfsfa:MResourcén the Metalanguagéayerandrdfsfa:LResourcén
Languagéd_ayer, sothatrdfsfa:MResources the superclassof all the modellingprimitivesin the
Metalanguagéayer, while rdfsfa:LResourcés aninstanceof rdfsfa:MClassandthe superclassf
rdfsfa:LClass.

<rdf:Description rdf:ID ="MResource" >

<rdfs:comment >The most general resource in the Metalanguage Layer.
<[rdfs:comment >

</rdf:Description >

<rdfsfa:MClass rdf:ID ="LResource" >

<rdfs:comment >The most general resource in the Language Layer.
<[rdfs:comment >

</rdfsfa:MClass >

3. Therdfs:Propertyis mappedo rdfsfa:MPropertyin the Metalanguagéayerandrdfsfa:LProperty
in the Languagd_ayer.

<rdf:Description rdf:ID  ="MProperty" >

<rdfs:comment >The concept of property in the Metalanguage Layer.
</rdfs:comment >

<rdfsfa:zmsubClassOf rdf:resource ="#MResource"/ >

</rdf:Description >

<rdfsfa:MClass rdf:ID  ="LProperty" >

<rdfs:comment >The concept of property in the Language Layer.
</rdfs:comment >

<rdfsfa:lsubClassOf rdf:resource ="#LResource"/ >

</rdfsfa:MClass >

4. Therdfs:ConstraintResourdgin the Metalanguagé&.ayer, whereit is rdfsfa:msubClassQfdfsfa:
MResource.

<rdf:Description rdf:ID ="ConstraintResource" >
<rdfsfa:msubClassOf rdf:resource ="#MResource"/ >
</rdf:Description >

5. Therdfs:ConstraintPropertig in the Metalanguagé.ayer, whereit is rdfsfa:msubClassOfdfsfa:
MPropertyandrdfs:ConstraintResource.



<rdf:Description rdf:ID  ="ConstraintProperty" >

<rdfsfa:zmsubClassOf rdf:resource ="#MProperty"/ >
<rdfsfa:msubClassOf rdf:resource ="#ConstraintResource"/ >
</rdf:Description >

As shawn in Figure 4, modelling primitives are divided into threegroupsin the Metalanguage

Layer, Languagd_ayerandOntologyLayer. rdfsfa:LClassis not aninstanceof itself, but aninstance
of rdfsfa:MClassrdfsfa:LResourcés aninstanceof rdfsfa:MClassanda superclassof rdfsfa:LClass.
In generaltherearethreekinds of “classes”in the metamodelingarchitectureof RDFS(RA)2: meta
classesin the Metalanguagd.ayer (e.g. rdfsfa:MClass,rdfsfa:MProperty) language classesin the
Languagéd_ayer (instanceof rdfsfa:MClass e.g.rdfsfa:LClassydfsfa:LProperty)andontolagy class
in the OntologyLayer (instanceof rdfsfa:LClassg.g.“Person”,“Car”).

In orderto solve problem3 mentionedn Section3.1, we needto beableto specifywhich kind of

class(out of thethreekinds of “classes’mentionedabore) we wantto referto. In RDFS(FA), we add
thelayer prefix (e.g.m- for Metalanguagé.ayer, I- for Languagd_ayer etc.)on the propertiesvhen
we usethe predefinedproperty primitives. Basedon the above principle, we can map the property
primitivesin RDFSto the metamodelingrchitectureof RDFS(FRA) asfollows:

1.

rdfs:domainis a setof binary relationshipsbetweeninstancesf rdf:Propertyandrdfs:Class As
classeandpropertieooccurin threedifferentlayersof RDFS(FR), rdfs:domainis mappedo three
differentpropertiesn RDFS(R): rdfsfa:odomainydfsfa:ldomainandrdfsfa:mdomainAs shavn
in Figure 4, the rdfsfa:ldomainis definedin the Metalanguagé ayer andusedin the Language
Layer, while rdfsfa:odomairis definedin the Languagd_ayerandusedin the OntologyLayer(see
Figureb).

<rdfs:ConstraintProperty rdf:ID ="odomain" >

<rdfs:comment >This is how we specify that all instances of a particular
ontology property describes instances of a particular ontology  class.
</rdfs:comment >

</rdfs:ConstraintProperty >

<rdf:Description rdf:ID  ="Idomain" >

<rdfs:comment >This is how we specify that all instances of a particular
language property describes  instances  of a particular language class.
</rdfs:comment >

</rdf:Description >

<rdf:Description rdf:ID ="mdomain" >

<rdfs:comment >This is how we specify that all instances of a particular
meta property  describes instances  of a particular meta class.
</rdfs:comment >

</rdf:Description >

Similarly, rdfs:rangds mappedo rdfsfa:orangerdfsfa:lrangeandrdfsfa:mrange.

<rdfs:ConstraintProperty rdf:ID ="orange" >

<rdfs:comment >This is how we specify that all instances of a particular
ontology property have values that are instances of a particular ontolo-
gy class. </rdfs:comment >

</rdfs:ConstraintProperty >

<rdf:Description rdf:ID ="Irange" >

<rdfs:comment >This is how we specify the values of an instance of a
particular language property have values that are instances of a
particular language class. </rdfs:comment >

2Accordingly, therearethreekinds of “properties’aswell.



</rdf:Description >

<rdfsfa:MProperty rdf:ID  ="mrange" >
<rdfs:comment >This is how we specify the values of an instance of a
particular meta property should be instances of a particular meta class.
</rdfs:comment >

</rdf:Description >

. rdf:itypeis a setof binary relationshipbetweernresourceandrdfs:Class As RDFS(FA) hasmeta
classes]anguageclassesand ontology classesrdf:type is mappedto rdfsfa:otype,rdfsfa:ltype
and rdfsfa:mtype.E.g. in Figure 4, rdfsfa:MClassis the rdfsfa:mtypeof rdfsfa:LResourceand
rdfsfa:LClass.

<rdfsfa:MProperty rdf:ID ="otype" >
<rdfs:comment >Indicates membership of an instance of rdfsfa:LClass
<[rdfs:comment >

<rdfsfa:lrange rdf:resource ="#LClass" >

</Irdfsfa:MProperty >

<rdf:Description rdf:ID  ="ltype" >

<rdfs:comment >Indicates membership of rdfsfa:LClass or rdfsfa:LProperty
</rdfs:comment >

<rdfsfa:zmrange rdf:resource ="#MClass"/ >

</rdf:Description >

<rdf:Description rdf:ID  ="mtype" >

<rdfs:comment >Indicates membership of rdfsfa:MClass or rdfsfa:MProperty.
</rdfs:comment >

</rdf:Description >

. rdfs:subClassOE asetof binaryrelationshipbetweertwo instance®f rdfs:Classsordfs:subClassOf
is mappedto rdfsfa:osubClassOand rdfsfa:lsubClassOf E.g. in Figure 4, rdfsfa:LClassis an
rdfsfa:lsubClassOfdfsfa:LResourcandrdfsfa:MClasss anrdfsfa:msubClassQfifs:MResource.

<rdfsfa:MProperty rdf:ID ="osubClassOf* >

<rdfs:comment >Binary relationship between two ontology classes.
</rdfs:comment >

<rdfsfa:ldomain rdf:resource ="#LClass" >

<rdfsfa:lrange rdf:resource ="#LClass" >

</rdfsfa:MProperty >

<rdf:Description rdf:ID ="IsubClassOf" >

<rdfs:comment >Binary relationship between two language classes.
<[rdfs:comment >

<rdfsfa:mdomain rdf:resource ="#MClass"/ >

<rdfsfa:mrange rdf:resource ="#MClass" >

</rdf:Description >

<rdf:Description rdf:ID  ="msubClassOf* >

<rdfs:comment >Binary relationship between two meta classes.
<[rdfs:comment >

</rdf:Description >

. Similarly, rdfs:subPropertyOis a setof binaryrelationshipsetweerinstance®f rdf:Property so
it is mappedo rdfsfa:osubPropertyOfdfsfa:lsubPropertyOandrdfsfa:msubProperty Of

<rdfsfa:MProperty rdf:ID  ="osubPropertyOf" >
<rdfs:comment >Binary relationship between two ontology properties.



</rdfs:comment >

<rdfsfa:ldomain rdf:resource ="#LProperty"/ >

<rdfsfa:lrange rdf:resource ="#LProperty"/ >

</Irdfsfa:MProperty >

<rdf:Description rdf:ID  ="IsubPropertyOf" >

<rdfs:comment >Binary relationship between two language properties.
<[rdfs:comment >

<rdfsfazmdomain rdf:resource ="#MProperty"/ >

<rdfsfa:zmrange rdf:resource ="#MProperty"/ >

</rdf:Description >

<rdf:Description rdf:ID  ="msubPropertyOf' >

<rdfs:comment >Binary relationship between two meta properties.
</rdfs:comment >

</rdf:Description >

6. Therdfs:commentrdfs:label,rdfs:seeAlsandrdfs:isDefinedByaretreatedasdocumentatiorin
RDFS,andarenot relatedto the semanticof RDFS(R), sowe arenot goingto discusshemin
this paper

Below is anRDFS(FA) versionof the “Person—hasFriend&xample.As with otherWeb ontology
languagesthesestatementsglescriberesourcesn the OntologyLayerandthe Instancd_ayer.

<rdfsfa:LClass rdf:ID  ="Animal" >

<rdfs:comment >This class of animals is illustrative of a number of
ontological idioms. </rdfs:comment >

</rdfsfa:LClass >

<rdfsfa:LClass rdf:ID ="Person" >

<rdfs:osubClassOf rdf:resource ="#Animal"/ >

</rdfsfa:LClass >
<rdf:Property rdf:ID ="hasFriend" >

<rdfsfa:zodomain rdf:resource ="#Person"/ >
<rdfsfa:orange rdf:resource ="#Person"/ >
</rdf:Property >

<rdf:Description rdf:ID ="John" >

<rdfsfa:otype rdf:resource ="#Person"/ >
<rdfs:comment >John is a person. </rdfs:comment >
</rdf:Description >

<rdf:Description rdf:ID  ="Mary" >

<rdfsfa:otype rdf:resource ="#Person"/ >
<rdfs:comment >Mary is a person. </rdfs:comment >
</rdf:Description >

<rdf:Description about ="#John" >

<hasFriend  rdf:resource ="#Mary"l >
</rdf:Description >

In the OntologyLayer, “Animal” and“Person”areontologyclassessothey areinstance®f rdfsfa:L-
Class.The ontology class“Person”is the rdfsfa:odomainand rdfsfa:orangeof the property “has-
Friend”, so both the valuesof andresourcedescribedby instancesof “hasFriend”are instancesof
“Person”.In the Instancelayer, the rdfsfa:otypeof individualssuchas“John” and“Mary” is the on-
tology class“Person”.Figure5 is a directedlabeledgraphof the above RDFS(FA) statementsHere
the rdfsfa:mtypeof rdfsfa:LClassis the metaclassrdfsfa:MClass the rdfsfa:ltype of “Person”is the
languageclassrdfsfa:LClassandthe rdfsfa:otypeof “John” is the ontology class“Person”. The lan-
guageclassrdf:Propertyis rdfsfa:lsubClassOfthe languageclassrdfs:Resourcavhile the ontology



rdfsfa:MClass

- Is=rdfsfa:lsubClassOf
_ . hasFriend
m_t-rdfsf.a.mtype os=rdfsfa:osubClassO
lt=rdfsfa: I.type or=rdfsfa:orange
ot=rdfsfa:otype od=rdfsfa:odomain

Figure5: A “Person—hasFriendamplein RDFS(FA)

class'Person’is rdfsfa:osubClassGheontologyclass‘Animal”. Thisexampleclearlyshavsthatthe
modellingprimitivesin RDFS(FA) no longerhave dualroles.Thusa clearsemanticcanbe givento
them.

Notethat,asin RDFS(seeSection2.2)we candefinerdfsfa:otype rdfsfa:ltype andrdfsfa:mtype
propertiesvithin RDFS(FA) in animplicit way aswell. E.g.,individual “John” canalsobe definedas

<Person rdf:ID ="John" >
<rdfs:comment >John is a person. </rdfs:comment >
</Person >

Here“Person”is anontolagy class sotheabove expressionaiseanimplicit way to definerdfsfa:otype
property

4.2 DataModelSemanticef RDFS(FA)

In this section,we usea Tarski style ([18]) modeltheoreticsemanticdo interpretthe datamodel of
RDFS(FR). Classesaandpropertiesaretakento referto setsof objectsin the domainof interestsand
setsof binaryrelationshipgor tuples)betweertheseobjects.

In RDFS(R), the meaningof individuals,pairsof individuals,ontology classesandpropertiess
given by an interpretationZ, which is a pair(AZ, -7), where A is the domain(a set)and - is an
interpretatiorfunction,which mapsevery individual namex to anobjectin thedomainAZ:

T e AT

every pair of individual namesx, y to a pair of objectsin A7 x AZ:

(T, y") e AT x AT
every ontologyclassnameOC to asubsebf AZ:

oct C AT

every ontologypropertynameOPto asubsebf A% x AZ:

OPT Cc AT x AT,

In the Languagd_ayer, theinterpretatiorfunction-Z mapsrdfsfa:LClass(LC) to 28"

LCT = 98"



rdfsfa:LProperty(LP) to 24" xA”:
LPI — 2AI XAZ

rdfsfa:LResourcgLR) to LC* U LP%:
LR* = Lc* uLpP*

sothattheinterpretatiorof every possibleontologyclass(OC?) is anelementof theinterpretatiorof
rdfsfa:LClasg(LC?), theinterpretatiorof every possibleontologyproperty(OP?) is anelemenif the
interpretatiorof rdf:Property(LP?). NotethatLR? is interpretecastheunionof LC? andLP?, andnot
as22"U(ATxAY) gginstanceof rdfsfa:LResourcanustbe eitherontology classegsetsof objects),
or ontology properties(setsof tuples),andcant be interpretedasa “mixture” of setsof objectsand
tuples.

In the Metalanguagé ayer, interpretatiorfunction-Z mapsrdfsfa:MClass(MC) to LR,
MCT = oLR”
rdfsfa:MProperty(MP) to 2-C* X LC™ | gLC X LP* ) gLP* X LC* || 9LP* xLP*.
MPT — oLCTxLCT | j9LCT xLPT | | oLPTxLCT | | oLP?xLP*
rdfsfa:MResourcéMR) to M CT U M PL:
MR* = MC* UM P*

rdfs:ConstraintResourd€R) to subsebf M R::

CRT C MR®
PredefinedProperty Interpretation SemanticConstraint
osubClassOfOSC) 0SCcT C LCT x LCF (CT,CT) € OSCTiff. CT,C7 € LCT andCT C CT
IsubClassOfLSC) LSCT Cc MC*T x MC* | (CE,C%) e LSCTiff. CF,CF € MCT andCTE C CF
msubClassOfMSC) | MSCT C 2ME" x oMET | (0T Ty ¢ MOt iff. OF, CF € 2ME" andC? € OF
osubPropertyOfOSP) | OSPT C LPT x LP~ (PE, P}y ¢ OSPTiff. PT, Pf € LPT andPf C P§
IsubPropertyOfLSP) | LSP* C MP* x MPT | (PE,PF) ¢ LSPTiff. PE, Pf ¢ MP* andPf C PY
msubPropertyOfMSP) | MSP% C & x & (PE,P#) € LSPTiff. P, P € ® andPE C P?
. - - - (PT,C*y c oD% ift. P ¢ LP*, C* € LCT and
odomain(OD) OD” C LP” x LC Vo (27,y7) € PT — 27 € OF
) - - - (PT,c*y e LDTiff. P € MPE, T ¢ MCT and
Idomain(LD) LD" C MP" x MC V. (%, y%) € PT — a% € CF
T ~T T z T MRT
mdomain(MD I MRZ (P*,C*) e MD* iff. P- € ®,C” €2 and
(MD) MD™ € @ x2 V. (T, y%) € PT — 2T € C*
PT,.c*y € ORGT iff. PT ¢ LP%, C* € LC* and
orange(ORG) ORG* C LP* x LC* <Vx. p: >y1> e B
P*,C*y € LRGT iff. P € MP*, C* € MC* and
T C Z T < ) 9
Irange(LRG) LRG* C MP* x MC Vo (27, y7) € PT — 27 € OF
PZ,0%) € MRGT iff. PT € @, 7 € 2MF" and
mrange(MRG) MRGT C ® x 2MR” <\m_’<mz >y§> c pT _', oI eecz’ ©
otype(OT) OTT C AT x LCT («T,C%) e OTT iff. 2T € AT, CT € LCT andaT € CF
ltype (LT) LTT C LRT x MC* (RT,C?) e LTT itf. RT € LR*,C% € MC* andz® € C*
mtype(MT) MTT C MR x 2ME" | (RT,CT) € MTT iff. RT € MRT,CT € 2ME" anda” € 7

Figure6: Semanticof PredefinedPropertiesn RDFS(A)




rdfs:ConstraintPropert§CP)to subsebf bothC RZ andM PZ:
cpPt Cc CRFnMP*

sothattheinterpretation®f rdfsfa:LClasgLC?), rdfsfa:LProperty(LP?) andrdfsfa:LResourcéLR?)
areall elementof theinterpretatiorof rdfsfa:MClass(MC?), andall the possiblepairsof subsetof
LC? andsubset®f LP? areelementsof MPZ.

Unlike rdfs:Classn RDFS,classesn RDFS(FA) have clearsemanticsCleansemanticsanalso
be givento the predefinedropertiesof RDFS(FA) asshavn in Figure6, where

$ — oMCTxMCT | oMCTxMP? | | gMP?xMC? | | oMP* xMP*

As mentionedabove, in orderto specify which kind of classwe want to refer to whenwe usethe
predefinegropertieswe addthelayerprefixesto thesepropertiesSubclass-odndsubproperty-oare
the subsetelationshipbetweerthe classe®or propertieswithin the samelayer Domainandrangeare
foundationmodelling primitives of RDFS(FA) propertieswhich canbe usedto specifytwo classes
thata certainpropertycandescribe/us@ descriptionsn a certainlayer. Typeis a specialcross-layer
property whichis usedto link instancedo classes.

4.3 DAML+OIL Data Modelwith Fixed MetamodelingArchitectuie

With afixedmetamodelin@rchitectureRDFS(FA) hasits own semanticendmalesitselfafully qual-
ified schemdayer SemanticWeb language Thus, DAML+OIL (or ary otherlogical layer Semantic
Weblanguagexanbe built onbothits syntaxandsemantics.

Fromthe point of view of metamodelingrchitecturethe modelling primitivesthat DAML+ OIL
introducesare mainly locatedin the LanguagelLayer (a completedescriptionof the DAML+OIL
datamodelwith fixed metamodelingarchitecturewill be givenin a forthcomingpaper).daml:Class
is rdfsfa:lsubClassOfdfsfa:LClassand daml:ObjectPropertys rdfsfa:lsubClassOfdfsfa:LProperty;
both daml:Datatypeand daml:DatatypePropertgre rdfsfa:lsubClassOfdfsfa:LResourceThe abore
four aredisjointwith eachother The“birthday” propertyliesin theOntologyLayerandcanbedefined
in thefollowing way:

<daml:DatatypeProperty rdf:ID  ="birthday" >

<rdfsfa:ltype rdf:resource ="http://www.daml.org/2001/03/daml+oil#Unique-
Property"/ >

<damlfa:odatadomain rdf:resource ="#Animal'/ >

<damlfa:odatarange rdf:resource ="http://www.w3.0rg/2000/10/XMLSchema#da-
te"/ >

</daml:DatatypeProperty >

wheredamlfa:odatadomaiis asetof binaryrelationshipbetweerinstance®f daml:DatatypeProperty
anddaml:Classanddamlfa:odatarangis asetof binaryrelationshipdetweerinstance®f daml:Data-
typePropertyanddaml:Datatype.

Ontheotherhand,it is clearthatLanguagéd_ayer primitivescant be usedto define/modifyother
Languaged_ayer primitives,e.g. Uniquepropertycannot be usedto restrictthe numbersof valuesof
themaxCardinalityasfollows:

<rdfsfa:MProperty rdf:about  ="#maxCardinality" >
<rdfsfa:ltype rdf:resource ="http://www.daml.org/2001/03/daml+oil#Unique-
Property"/ >

</Irdfsfa:MProperty >

In RDFS(FA), Languagd_ayer propertiescanonly be definedusingMetalanguagé.ayer primitives,
for which DAML+OIL doesnt provide ary semanticsThis is not clearin RDFS,wheremodellers



might be temptedto think that they can modify DAML+OIL in the abore manner exploiting the
semanticof DAML+OIL itself. To solve the above problem,onecandefineMUniquePropertyn the
Metalanguagéayerandthensetdaml:maxCardinalityasits instance.

In short,RDFS(FA) notonly providesafirm semantidasisfor DAML+OIL, it alsoeradicateshe
possibility of the“layer mistalke” mentionedabove.

5 Discussion

A fixedlayer metamodelingarchitecturdfor RDFSis proposedn this paper We demonstratéow to
mapthe original RDFSto RDFS underthe Fixed metamodelingArchitecture(RDFS(FRA)) andgive
a clear model-theoreticsemanticdo RDFS(FA). We believe that althoughRDFS(FA) won'’t be as
compaciasRDFS,therewill beseveraladvantagesf RDFShasa fixed metamodelingrchitecture:

1. We don't have to worry aboutRussells Paradox.(Otherwaysof thinking may includenonwell-
foundedsets.)

2. RDFS(RA) hasaclearformalizedsemantics.

3. DAML+OIL andotherlogicallayerSemantidNVeblanguagesanbebuilt ontop of boththesyntax
andsemanticof RDFS(FA).

4. The metamodelingarchitectureof RDFS(F) is similar to thatof UML, soit is easierfor people
to understanénduse.

Someotherpapershave alsotalked aboutUML andthe Web ontologylanguageChang[4] sum-
marizedthe relationshipbetweenRDF-Schemand UML. Melnik [14] tried to make UML “RDF-
compatible”,which allows mixing and extendingUML modelsandthe languageslementsof UML
itself onthe Webin anopenmannerCranefieldandPurvis[5] investigatedthe useof UML andOCL
(ObjectConstraintLanguagefor the representationf informationsystemontologies.Cranefield[6]
proposedJML asa Web ontologylanguageCranefield[7] describedechnologythat facilitatesthe
applicationof object-orientednodelling,andUML in particular to the SemantidNeh However, none
of theseworksaddresghe problemof the metamodelin@rchitectureof RDFSitself.

It is well known thatUML hasa well-definedmetamodelingrchitecturgKobryn[12]). It refines
the semanticconstructsat eachlayer, providesan infrastructurefor definingmetamodekxtensions,
andalignstheUML metamodeWith otherstandard®asedn afour-layermetamodelingrchitecture,
suchasthe CaseData Interchangd-ormat (EIA [8]), Meta ObjectFacility (MOF-Parners[15]) and
XMI Facility for modelinterchangéXMI-Parnerq23]).

However, We believe SemanticWeb languagesand UML have differentmotivation and applica-
tion domain.Besideghe metamodelingarchitecture SemanticNVeb languageslsohave a functional
architecture. Within this functionalarchitectureRDF is a good candidatefor the metadatdayerlan-
guage,while UML is obviously not designedas a metadatdanguage The schemadayer languages
mustsupportglobal properties(aryone can say anything aboutarnything) ratherthanthe local ones,
while the consideration®f UML mainly focuson the local properties.The modelling primitives of
logical layerlanguagese.g.OIL andDAML+OIL, arecarefully selectedsothatthey canbe mapped
ontovery expressve descriptiorlogics (DLs), soasto facilitatethe provision of reasoningupport;on
theUML side,reasoningover OCL is still underresearch.

Therefore,we preferto enhancéNeb ontology languagedy usingthe methodologiesn UML,
ratherthan making UML a componentn Web ontology languagesAccordingly, we have usedthe
metamodelingnethodsof UML to build a fixed layer metamodelingarchitecturefor RDFSin this
paper Furtherresearchwill include a detailedstudy of the datamodel of DAML+OIL basedon
RDFS(FA) andthereasoningsupportprovided by correspondindpescriptionLogics.
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