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Abstract. The ResourceDescriptionFramavork andthe ResourceDescription
Framevork SchemaSpeci cationaresupposedo be the foundationsof the Se-
manticWeb, in thatall other SemanticWeb languagesreto be layeredon top
of them.lIt turnsout thatsucha layeringcannotbe achieved in a straightforvard
way. This paperdescribeshe problemwith the straightforvardlayeringandlays
out severalalternatve layeringpossibilities.The bene ts anddravbacksof each
of thesepossibilitiesarepresentedndanalyzed.

1 Intr oduction

TheWorld Wide Web (WWW) hasdrasticallychangedheavailability of electronically
accessiblénformation. The WWW currentlycontainssome3 billion staticdocuments,
which are accessedby over 300 million usersinternationally At the sametime, this
enormousmountof datahasmadeit increasinglydif cult to nd, accesspresentand
maintainthe informationrequiredby a wide variety of users.This is becausénforma-
tion contentis presentegbrimarily in naturallanguageThus,awide gaphasemepged
betweertheinformationavailablefor toolsaimedataddressinghe problemsabove and
theinformationmaintainedn human-readablirm.

In responseo this problem,mary new researchinitiativesand commercialenter
priseshave beensetup to enrichavailableinformationwith machine-processabke-
mantics.Suchsupportis essentiafor “bringing the webto its full potential”. The Se-
mantic Web actiity of the World Wide Web Consortiumis charteredo designthis
future “semanticweb”—an extendedweb of machine-readablaformationandauto-
matedserviceghatextendfar beyondcurrentcapabilitieq3, 9,10]. Theexplicit repre-
sentatiorof the semanticsinderlyingdata,programspagesandotherwebresources,
will enablea knowledge-basedveb that providesa qualitatvely new level of service.
Automatedserviceswill improve in their capacityto assisthumansin achieving their
goalsby “understanding’moreof the contenton theweb,andthusproviding moreac-
curate Itering, categorization,andsearche®f informationsourcesThis procesawill
ultimatelyleadto anextremelyknowledgeablesystenthatfeaturesvariousspecialized
reasoningservices.Theseserviceswill supportus in nearly all aspectsof our daily
life—makingaccesdo informationaspenasie,andnecessaryasaccesso electricity
is today



Rules Trust
Data Proof g
£
Data Logic <
Self- 0
desc. Ontology vocabulary =
on
dog} RDF + rdfschema &

Unicode

Fig. 1. The SemantidNeb Tower

Realizingthis vision of the semantiovebrequiresa numberof intermediateandre-
lated steps.Tim Berners-Leervisioneda semantioveb languageower [http://www.
w3c.org/2000/Talks/1206-xmIi2k-tbl/slide10-0.html] (seeFigurel) thatprovidesin-
termediatdanguagestandardsBasedon XML asthe universalsyntaxcarrier, a tower
of successiely morepowerful languagesrede ned. TheResourcdescriptionFrame-
work (RDF) [15] andResourcéDescriptionFramavork SchemaSpeci cation(RDFS)
[7] de ne a standardor representingimple metadata—shalle machine-processable
semantic®f information.The next stepis is currentlyunderdevelopmentoy the W3C
WebOntologyWorking Group(http://www.w3.0rg/2001/sw/WebOnt/). whichis pro-
ducingaWebOntologyLanguagetentatiely calledOWL. Furtherextensionswill pro-
viderulelanguagesind nally afull- edged machineprocessableemantioveh

We arecurrentlyworking on a smallpieceof the overall puzzle.This paperreports
lessondearnedwhentrying to layer OWL on top of RDF andRDFS? It turnsoutthat
OWL cannotbede ned assemantiextensionof RDF(S)while retainingthe syntaxof
RDFE Wewill explaintheproblemswye encounterewhentrying thisandwe alsodiscuss
several alternatve workaroundsEachof thesehave their advantagesand dravbacks.
The main contribution of the paperis to provide deepetinsightson how the language
tower of the semantiovebcanbe organized.

Although this paperconcentrate®n a particularproblem,that of layering OWL
on top of RDF(S),therearelayeringdecisionsto be madewhenerer a new represen-
tationformalismhasto be compatiblewith an existing representatioformalism.This

3 Wewill useRDF(S)to referto the combinationof RDF andRDFS.



will occurat otherpointsof the semantioveb tower, hasoccuredin the past,andwill
undoubtablyoccurin thefuture.

The contentof the paperis organizedas follows. In Section2, we describethe
context of our problem.We discussthe semantioweb languagetiower as sketchedby
Tim Berners-LeeSection3 sketchedour differentwaysonhow to layerOWL ontop of
RDF. Sectiond discussesneof thesesolutionsin moredetails.Actually this “solution”
is rathera characterizatiorof the problemwe encounteredn layering the different
languagegproperly Section5 discusseshreepossiblesolutions.Insteadof indicating
onesolutionwe elaboratehe entire solutionspaceand characterizehe alternatve in
termsof their advantagesnddrawv-backs Finally, Section6 providesconclusions.

2 The Context: The SemanticWeb LanguageTower

Giving arealsemantic$o thesemantiaveblanguagdowerassketchedoy Tim Berners-
Leein Figurel requiresseriouswork to clarify mary of the presentechnicalissues.

URIs and Unicode provide standardwaysto de ne referencego entitiesand to
exchangesymbols XML providesa standardvay to representabeledtreesand XML
Schemarovidesa mechanismo de ne grammardor legal XML documentsFinally,
the namespacemechanisnmof XML (NS) allows the combinationof documentswith
heterogeneougocahulary. Theseconceptrovide the syntacticunderpinningof the
semantioveh

The rst layerof thesemantiavebis providedby RDF

TheResourcéDescriptionFrameavork (RDF) “is a foundationfor processingneta-
data;it providesinteroperabilitybetweenapplicationsthat exchangemachine-under-
standablenformationon the Weh” [15]. Basically RDF de nes a datamodelfor de-
scribingmachingprocessablsemantic®f dataAs statedn theRDFModelandSyntax
Speci cation[15], the basicdatamodelfor RDF consistf threeobjecttypes:

— ResourcesA resourcanay be anentireWeb page;a partof a Web page;awhole
collectionof pagesjpr an objectthatis not directly accessiblevia the Web; e.g.a
printedbook. Resourcearealwaysnamedby URIs.

— PropertiesA propertyis aspeci ¢ aspectcharacteristicattribute, or relationused
to describearesource.

— StatementsA speci ¢ resourcetogetherwith a namedpropertyplus the value of
thatpropertyfor thatresourcas an RDF statement.

In a nutshell, RDF de nes object-property-alue-trides as basicmodelingprimi-
tivesandintroducesa standardsyntaxfor them.An RDF documentill de ne proper
tiesin termsof the resourceso which they apply.

RDF Schemd7] de nesasimplemodelinglanguageontop of RDE RDF Schema
introducesclassesjs-a relationshipshetweenclassesand properties and domainand
rangerestrictionsfor propertiesasmodelingprimitives.

RDF andRDF schemgRDF(S)hereafteruseXML asa carriersyntaxbut do not
employ any semanticexpressedy XML, insteadusingtheir own semanticgor XML
syntax.



TheOIL de nition:

<rdfs:Class rdf:ID="Herbivore">
<rdfs:type rdf:resource="oil:DefinedClass">
<rdfs:subClassOf rdf:resource="Animal" />
<rdfs:subClassOf>
<0il:NOT>
<oil:hasOperand rdf:resource="Carnivore" />
</oil:NOT>
</rdfs:subClassOf>

</rdfs:Class>

Whatan RDF Schemasystemunderstands:

<rdfs:Class rdf:ID="Herbivore">
<rdfs:type rdf:resource="unknown:DefinedClass">
<rdfs:subClassOf rdf:resource="Animal" />
<rdfs:subClassOf>
<rdf:Description />
</rdfs:subClassOf>

</rdfs:Class>

Fig. 2. OIL versusRDF Schema

The term Ontology vocahlulary (and databasedon top of it) in the semanticweb
tower may causerritation. We guesghattheauthorrefersto anontologylanguagehat
is arestrictedsubsenf logic to de ne terminology Currently alanguagecalled OWL
is underdevelopmentfor this purpose Most of this paperis abouton how to de ne
OWL ontop of XML andRDF(S).WhereagherelationshipbetweenXML andRDF
is a simple syntacticone, the relationshipbetweenRDF(S)and OWL necessariljhas
semanticcomponentaswell. The detailsof this relationshipinvolve a rich decision
spaceof propersyntacticandsemantidayering.

Thesemantiavebtower gure mentiond_ogic ontop of Ontologylayer. Ontheone
hand,this may be misleadingasarny Ontologylanguageshouldbe properlygrounded
in logical notions.On the other hand,this may be taken as a hint that on top of an
Ontologylanguagericherlogical languageshouldbe provided.Again,we mayexpect
complicateddiscussionn an appropriatdayering. For example,proposalsfor web
logic languagesnay employ a specialsemanticssuchasminimal modelsemanticsto
make inferencemoreamenabldo computeiimplementation.

Proofandtrustseemto beratherapplicationsghana new languagdevel. Anyway
they arefarbeyondcurrentefforts.

Currently mary layering ideasorientedto syntacticaland semanticalextensions
competavhicheachother(http://lists.w3.org/Archives/Public/www-webont-wg/) [6,
8]. Working out the properrelationshipseemso be muchmore challengingthanjust
developingonelayer. Soevenbeforewe designtheontologylanguagewe needavision
of how thelevelsin thesemantiovebtower relateto eachother



OIL [11,12], apredecessanf OWL, wasde ned asa syntacticextensionof RDF-
Schemawhich meanghatevery RDF-Schemantologyis a valid ontologyin the new
languagéi.e.,anOIL processowill alsounderstanédRDF Schema)However, theother
directionis also available: de ning an OIL extensionas closely as possibleto RDF
Schemaallows maximalreuseof existing RDF Schema-basedpplicationsandtools.
However, sincethe ontologylanguageaisuallycontainsnew aspectgandthereforenew
vocahulary, whichanRDF Schemarocessodoesnotknow), 100%compatibilityis not
possibleL et usexamineanexample.The OIL expressiorin Figure2 de nesherbiore
asaclasswhichis a sub-clas®f animalanddisjunctto all carnvores.An application
limited to pure RDF Schemais still ableto capturesomeaspectf this de nition.
It seesthatherbivoreis a subclasf animalanda subclasof a secondclass,which
it cannotunderstangroperly This seemdo be a usefulway to presere complicated
semanticgor simplerapplications.

Recentlyainterestingeatureof thisapproachbecomevisible.In generabnewould
assuméhatanOIL/OWL agentcandrav moreconclusionghananRDF Schemaware
agent.This we will call the modeltheoreticinterpretationof the semanticweb lan-
guagetower. However, basedon the RDF model theory [13] this turned out to be
not true. BecauseRDF “sees” the syntacticalde nition of an ontologyit candrav
conclusionghat OWL, which is situatedat a logical level, cannot.Thatis, not every
modelfor an OWL ontologyis alsoa modelfor the underlyingRDF representation.
(http://lists.w3.org/Archives/Public/www-webont-wg/2001Dec/0116.html) There-
fore, de ning the modeltheoryof OWL asan extensionof the modeltheoryof RDF
andrepresentin@WL constructsyntacticallyin RDF leadsto paradoxicakituations,
i.e.,ill-de ned modeltheoriesfor OWL. We will explaintheseproblemsin moredetail
in the next Sections.

3 Layering in the SemanticWeb

Whatis the relationshipbetweerthe variouslayersin this Semantic/WVeb tower? Well
this doesdependsomeavhat on which layersare being consideredbut thereare some
principlesandsomebasickinds of relationshipghatcanbe considered.

First, the variouslayersare languagesso they have a syntax.The syntaxof one
layercanbeanextensionof the previouslayer, the sameasthe previouslayer, asubset
of the previouslayer, or just differentfrom that of the previouslayer. For example,the
syntaxof RDF is a subsebf thesyntaxof XML, asRDF usesXML syntax,but notall
XML documentsarevalid RDF documents.

Secondthevariouslayers,or atleastmostof them,haveasemanticer meaningAs
the SemantidWeb is basedon meaningwe shouldexpectthatthe meaninggrovided
by onelayerform the foundationfor the next layer. Otherwise how canthis be called
a semantioveb?Sowe shouldexpectthat onelayer semanticallyextendsthe previous
layer, in thatall meaning®f thepreviouslayeraremaintainedy thenext layer, andthat
extrameaningsareprovidedby thatlayer For example thisis therelationshipgbetween
RDF and RDF SchemawhereRDF Schemamaintainsall the meaningsof RDF, but
addsnewn meaningf its own.



However, thereis apointwherethe SemantidMeb movesout of thesemantiaealm
andinto the syntacticrealm.At this point we do not expectthat the semanticof the
layer, if any, arepresered.For example thefoundationof theSemantidNVebis Unicode
stringsand URIs. However, not all of the Unicodestringsin an RDF documentare
strings;insteadthesestringsaregivena differentmeaningn the SemantidNeh

In fact,the SemantidMebtreatsXML aspartof the syntacticrealm.The semantics
of XML documentgrenotretainedn RDF. InsteadRDF providesits own meaningor
XML documentsa meaningthatis not compatiblewith the XML datamodelmeaning
of thedocument.

In fact,theonly semantidayeringcurrentlyin the W3C-approedsemantiovebis
the layeringbetweenRDF and RDF SchemaRDF Schemausespreciselythe syntax
of RDF. Thatis, all RDF documentsare syntactically-alid RDF Schemadocuments.
RDF Schemais alsoa semanticextensionof RDFE. Thatis, the RDF Schemameaning
of RDF constructsncorporateshe RDF meaningof theseconstructs.

Thereareatleastfour proposedayeringsof OWL ontop of RDF(S).

1. Same-syntasemantiextension:In this proposedayering,whichis the samelay-
ering relationshipas that betweenRDF and RDF Schemathe syntax of OWL
would be the sameas the syntaxof RDF and the semanticsof OWL would be
an extensionof the semanticoof RDF SchemaThis looks like the mostnatural
proposal.However, aswe will shov belaw, this approacheadsto anill-de ned
modeltheoryof OWL. Therefore we describethis solutionratherasan enumer
ation of potentialproblemsthanasan actualsolution. This “solution” is the point
whereour analysisdeparts.

2. Syntaxandsemantiextension:In this proposedayeringthe semanticof OWL is
de ned asan extensionof the semanticoof RDF SchemaThe syntaxof OWL is
alsoanextensionof thesyntaxof RDF. In this proposamary syntacticatonstructs
of OWL wouldnotbede nedin RDFbutinsteadvouldusenon-RDFXML syntax.
This proposalavoids the paradoxicakituationsof the previous layeringproposal.
However, new parserswould be requiredto processthe OWL languageand an
RDF(S)awareagenthasa very limited understandingf an OWL ontology

3. Same-syntaxhut divergingsemanticstn thisproposalayering,OWL syntaxwould
againbe RDF syntax,or a subsetof RDF syntax,but the meaningof somecon-
structswould be differentfrom theirmeaningn RDF or RDF Schemaln essence,
OWL would treatRDF asa syntaxcarrier, just as RDF treatsXML asa syntax
carrier Actually, mostreasonableersionsof this approachwould not completely
discardthe RDF andRDF Schemaneaningsandconsiderabl@verlapis possible.
Herean RDF(S)awareagentmay understandnary aspectof an OWL ontology
(asfar asthey arenot beyond his RDF(S)horizon),however, would give someof
thema differentmeaningfrom his RDF(S)point of view.

4. Differing syntaxandsemanticsin this proposalayering, OWL differsfrom RDF
and RDF Schemain both syntaxand semanticsAgain, althoughthe formalisms
would diverge,considerabl@verlapis possibleandevendesirable.

In the next sectionwe will explain furtherthe rst “solution” whichis actuallynot
asolutionbut away to describethe problemwe encounteredn Section5, we describe
the otherthreesolutionsin moredetail.



4 The ProblemWhen Layering OWL On Top Of RDF(S)

As statedabove, themostattractve way to layerOWL ontop of RDF(S),atleastat rst
glance,s to usethe samédayeringrelationshipasthatbetweerRDF andRDF Schema.
Thatis, OWL would have the samesyntaxas RDF andthe semanticof OWL would
be an extensionof the semanticsof RDF(S). This layering relationshipwas the one
expectedo beusedby thedesigner®f RDF(S),atleastwe sobelieve basedn various
statementsboutRDF(S).However, aswe explainin this section|t is just not possible
to extendthis layeringrelationshipto the ontologylevel becausét leadsto semantic
paradoes.

NaVve usersmay argue that semanticparadoxsare not importantin the semantic
weh After all, shouldthe semanticweb not be able to representontradictionsand
maybeeven reasoneffectively in the presenceof contradictionsand semanticpara-
doxesarejust like built-in contradictions?es, but the key point is preciselythat se-
manticparadoxsarebuilt-in—they arepresentn all situationsandthusthey causeall
situationgto beill-de ned, resultingin acompletecollapseof thelogical formalism.

4.1 The Problemin General Terms

The problemwith the same-syntaxextensionof RDF(S)to OWL is roughly the same
as the problemsthat destrged the initial formalizationof settheory This paradox,
discoreredby Russell resultsfrom anattemptto make setstoo powerful.

In the formalizationof settheorythat containsRussells paradoxthereis a (very
large) collection of built-in sets.All modelsfor setsinclude thesebuilt-in sets,and
usuallymary more.Unfortunatelythesebuilt-in setsincludethe setconsistingof those
setsthatdo not containthemseles.Is this seta memberof itself?If it is thenit cannot
be, becauseét containsexactly thosesetsthat do not containthemseles,andit does
containitself. If it is notthenit mustbe,via similar reasoning.

This violatesthevery principlesof settheory i.e., thatsetmembershighouldbea
well-de ned relationship.Becausehis sethasto be in every modelfor sets,thereare
no modelsfor sets resultingin a completecollapseof this formalizationof settheory

OWL layeredontop of RDF Schemasasame-syntarxtensionhasthe sameprob-
lem. We believe thatto make the logical foundationsof classesn the extensionwork
correctly therehasto be a large collection of built-in classesn any model. Unfortu-
nately this collectionincludesthe classthatis de ned asthoseresourceshat do not
belongto the class.Membershign this classis ill-de ned, via reasoningsimilar to the
reasoningor Russells paradoxicaketabove. Thisviolatesthe semantiainderpinnings
of classestesultingin no modelsfor OWL de nedin this way.

RDF(S)doesnotfall into this paradoxvbecausé doesnotneedalargecollectionof
built-in classesnothaving any wayto de ne classes.

4.2 The Problemin Detail

To understandhe detailsof the problemwith a same-syntaxand extendedsemantics
layeringof OWL on top of RDF(S)it is rst necessaryo understand bit aboutthe
syntaxandsemantic®f RDF(S).



Thesurfacesyntax,i.e.,the XML syntax,of RDF(S)is beingmodi ed by theRDF
CoreWorking Group,but the basicideasareunchangedrurther the RDF CoreWork-
ing Groupis developinga syntaxof RDF(S)[2] in termsof N-triples[1], a cut-davn
versionof N3. So, for the purposef this discussionijt sufces to view RDF syntax
asacollectionof triplesin theform of  subjectpropertyobject , wheresubjectis a
URI or ananorymousnodelD, objectis a URI or anorymousnodelD or literal, and
propertyis aURI.

Recentlya semanticgor RDF(S)hasheende ned by the RDF CoreWG [13] The
model-theoreticemanticsle nes model-theoretidnterpretationshow theseinterpre-
tationsprovide meaningfor RDF(S),andhow oneRDF(S)knowledgebasecanentail
anotherThe detailsof interpretationcannotbe givenin a paperof this length,but the
generalideasarefairly standardBasically interpretationsare built on resourcesi.e.,
referenceablebjects literal values,e.qg.,strings,andbinary relationshipsbetweerre-
source®r from resourceso literal values Both URIs andanorymousnodelDs denote
resourcesandliteralsdenotditeral valuesg.g.,strings.Triplesdenoterelationshipde-
tweenresource®r from resourcego literal valuesthatbelongto a property The only
unusualpart of this modeltheoryis that propertiesare alsoresourcesFrom interpre-
tationsthe usualideaof models,i.e., interpretationghat satisfya KB, follow, asdoes
entailmentj.e., all modelsof oneKB arealsomodelsof another

RDF itself hasa simple built-in theory having to do with the typesof resources.
It providesa propertybetweenresourcesrdf:type, that links a resourceto the types
thattheresourcebelongsto. As all propertiesareresourcesn RDF, sordf:typeis are-
source Theextrameaningof rdf:typeaccruingfrom its statusasarelationshipbetween
resourcesindtheir typesis formally de ned in themodeltheoryfor RDE

RDF Schemaextendsthis theory by creatinga theory of classesand properties.
Classesn RDF Schemaarethoseresourceshatcanhave membersj.e., RDF Schema
classesreresourceshatcanbethe objectof tripleswhosepredicates rdf:type. RDF
Schemade nes several built-in classesjncluding rdfs:Classthe classof all classes,
andrdfs:Resourcetheclassof all resourcesRDF Schemaalsode nesseveralrelation-
shipsbetweenclassesincluding rdfs:subClassOfthe subclasgelationship.All these
resourcesiregivenmeaningoy the RDF(S)modeltheory

However, the RDF Schemaheoryof classesand propertiess very weak.For ex-
ample,it is not possiblein RDF Schemao provide de ned classes—classdbat give
a formula that determineswhich resourcedelongto them.The intent of OWL is to
provideanevenrichertheoryof classesandpropertiesallowing for de ned classesand
morerelationshipbetweerclassesSomeof thesede ned classesrecalledrestrictions
in OWL. Therearerestrictionsin OWL thatprovide local typing for propertiesandre-
strictionsin OWL that ensurethat thereare several values(or at mostseveral values)
for a propertythatbelongto a particularclass.Thereis alsoa constructin OWL that
createsaclassfrom a setof resources.

It is this richer theory of classegthat clasheswith the underlying principles of
RDF(S),resultingin paradoxsin a same-syntaxand extendedsemanticdayering of
OWL ontop of RDF(S).Let's now investigatehow thesesemantiqaradoxesarise.

As this layeringof OWL on top of RDF(S)is a same-syntaXayering, all OWL
syntaxis alsoRDF syntax,which is alsothe sameasthe RDF Schemasyntax.There-



fore every syntacticconstructhasto be eithera URI, ananorymousnodelD, aliteral,
or atriple. As the semanticof OWL in this layeringis an extensionof the semantics
of RDF(S) the denotationof theseconstructshasto be the sameastheir denotation
in RDF(S) and the semanticconstraintson them have to include the semanticcon-
straintson themin RDF SchemaFurther asOWL classesare an extensionof RDF
Schemaclassesthe OWL relationshipfrom resourcego their OWL classesnustin-
corporatethe RDF Schemarelationshipbetweernresourceand RDF Schemaclasses,
namelyrdf:type,and OWL classesnustinclude RDF SchemeclassesLet us call the
propertythatis the OWL relationshipfrom resourceso their types,owl:type, which
caneitherberdf:type or somesuperpropertyof rdf:type.

Now considerentailmentin this versionof OWL. Supposewne have an OWL in-
terpretationthat containsan RDF Schemeclass,Person , a propertychild , andan
objectJohn thathasno outgoingchild relationshipsOWL containsthe notion of a
restrictionof a propertyto atype,i.e., givena property saychild , andaclass,say
Person , it is possibleto createtherestrictioncorrespondindo thoseresourcesvhose
child renall belongto Person . John belongso thisrestrictionin thisinterpretation
becauselohn hasno child renandthusall John'schild renbelongto Person .
Thereforewe needthatary interpretationlik e the oneabove is a modelfor John be-
longing to this restriction.However, restrictionsare resourcesandthusthis canonly
happernf thereis aresourceghatcorrespond$o therestriction,andthatincludesJohn
asa member So, this simple interpretationwill not be correct,in our view, unlessit
includessucharesourceandtheappropriateowl:type  relationshipgo it.

ThusOWL interpretationsnustincluderesourcesor mary restrictionsgssentially
all the restrictionsthat can be built out of the classesand propertiesthat are in the
interpretation As well, OWL interpretationamusthave the correctowlitype  rela-
tionshipsto theseresourcesln this way, eachOWL interpretatiormusthave a theory
of restrictions,including self-referentialrestrictions,and also other OWL constructs.
Someof theserestrictionscanreferto themseles,asthereareself-referentialoopsin
RDF Schemalassesandthusthis cannotberuledoutin restrictions.

We arenow in the samesituationthatthe original formalizationof settheorywas,
asthefollowing shaws.

Considertherestrictionthat statest is preciselythoseresourceshathave at most
zerovaluesfor the propertyowl:type thatbelongto the classthatconsistf therestric-
tion itself. In the N-triples syntaxfor RDF, thisis

1 a owl:Restriction

1 owl:onProperty owl:type
1 owl:maxCardinalityQ 0 .
:1 owlhasClassQ 2

2 oneOf _:3

3 owl:first 1.

3 owlrest owl:nil

This restriction,readslightly differently; is the restrictionthat consistsof thosere-
sourceghatdo notbelongto it. Thisis notthe paradoxicaRussellset,but is paradoxi-
cal. Considerary resourcelf it belongsto therestrictionthenit doesnot, but if it does



notthenit does.Justaswith theRussellset,if thisrestrictionis in aninterpretatiorthen
theclassmembershipelationshigs ill-de ned. However, this restrictionis in all OWL
interpretationsbecausét is constructednly from resourceshat mustbein all OWL
interpretationsThereforeall OWL interpretationdiave anill-de ned classmembership
relationshipandthusthis layeringof OWL is paradoxical.

5 SolutionsFor Layering OWL On Top of RDF(S)

Giventhatthe mostattractive layeringsolutionleadsto semantigparadoxs,whatcan
be done?Oneapproachwould be to changeRDF or RDF Scheman someway, per
hapsby removing someof the partsof RDF Schemahat participatein the paradoes.
However, if we wantto keepall of RDF andRDF Schemait is necessaryo pick one
of the othersolutions.The intent of this paper however, is not to actuallydo the pick-
ing. Instead this paperis concernedvith laying out the bene ts anddrawvbacksof the
varioussolutionssothataninformeddecisioncanbe madebetweerthem.

5.1 Limiting Entailment

Oneway of keepingthe same-syntaextensionrelationshipbetweerRDF Schemaand
OWL would be to simply give up on the entailmentghat requirethe presencef the
problematiaestrictionsn all interpretationsThiswould, however, resultin somerather
strangeconsequences.

For example,if John belongedo Student andEmployee it would not follow
that John belongedto the intersectionof Student and Employee , becausehis
intersectionwould not necessarilgxist in all therequiredinterpretations.

5.2 Syntacticand SemanticExtension

In the syntacticandsemanticextensionlayeringproposalOWL de nes new syntactic
constructghatdo not exist in RDF or RDF SchemaHowever, the syntacticconstructs
of RDF areall valid syntacticconstructof OWL, andhave the samemeaningn OWL
asthey hadin RDF andRDF Schemagr anextensionof thatmeaning(Eventhe RDF
constructghat are not addressedby OWL, suchasrei cation, remainasvalid OWL
syntax.)The new syntacticconstructof OWL aregivenmeaningghatarecompatible
with the RDF andRDF Schemaneaningof relatedRDF constructs.

Thenaturalwayof de ning OWL in thislayeringproposals to maketherestrictions
of OWL be new syntax.Theserestrictionswould have a separataneaningde ned by
the OWL model theory For example,a possiblesyntaxfor a maximum cardinality
restrictionlik e the oneabove couldbe:

<owl:cardinality maximum="0" property="friend">
Person
</owl:cardinality>



This syntacticconstructvould begivenits own meaningoy the OWL modeltheory
which would not includeits presenceasa resourcdn interpretationsin this way the
modeltheoryof OWL would notbe subjectto the semantiqparadoxabove.

ThisrelationshipbetweerRDF(S)andOWL would bethe sameastherelationship
betweerpropositionaindmodallogics. Therearemary otherexamplesof this sortof
layeringbetweenogical andknowledgerepresentatioformalisms.

In this proposalfor OWL therewould still be considerableverlapbetweenRDF
andRDF Schemapn onehand,andOWL on the other OWL would still have classes
andpropertiesandwould have all the RDF Schemeclasseslik e rdfs:Classandrdfs:-
Resourcelt is just that restrictionswould not be classesAn OWL systemwould be
ableto processRDF(S)documentsandwould give thema meaningthatwascompat-
ible with the meaninggivento themby anRDF(S)system An OWL documentould
generallyincludethreeportions:an RDF(S) portion that setup basefactsandtyping
relationshipssuchasJohns friend is Mary and Johnis a Person;an RDF(S) portion
that createsclassesand gives somerelationshipsbetweenthem, suchas Studentand
PersorareclassesandStudents anrdfs:subClassOPersonandan OWL-only portion
thatgivesmeaningo someof theclassessuchasStudenis de nedto bethosePersons
who areenrolledin a School.

An OWL documentwould thus not be completelyparseabldy RDF(S) parsers.
However, mary OWL documentswvould include signi cant RDF(S) contentand an
RDF(S)systenthatwaspreparedo ignorethe OWL constructsouldstill extractcon-
siderablanformationfrom anOWL documentFor example,anRDF(S)systemwould
have accesgo all base-lgel facts,the classesandtheir subclasgelationshipswhich
would all still bein RDF(S)form.

In this proposedayering,the SemantidNeb tower would be consideredsa tower
of more-and-morgowerful logical languagesall sharinga commonsemanticcore.
Higherlanguagesvould be have moresyntacticconstructandwould extendthemean-
ing for constructdrom lower languagesbut would be compatiblewith the meanings
that comefrom the lower languagesSystemsbuilt for the lower languagesould be
consideredoundbut incompletereasoneror thehigherlanguagesonly onthesyntax
of thelower languagéf they did notallow for unknovn constructsbut if they allowed
for unknowvn constructghey would beincompletereasonergor thehigherlanguages.

Neverthelessthis layeringview hassomeproblems RDF(S)is not just aboutbase
facts,but alsoincludesa theory of classesand properties.Theseclassesand proper
ties are resourcesand thus can participatein base-lgel facts.This is not a problem
in RDF(S) becausef its limited expressve power, but can causeproblemsin more-
expressve languageslike OWL. For example,OWL couldendup having to dealwith
transitve propertiesghataretransitve only becausehey arethe valueof a propertyin
someresourceEvenworse,this transitivity could be conditionalbecausehe property
might or might not bethe value,dependingobn someotherinformation.

For example,if Johnis aPersorwhosefriendsareall transitve propertiesandJohn
hasafriend thatis eitherbaror baz,theneitherbaror bazis atransitive property This
conditionaltransitvity cangiveriseto extraordinarily-comple& anddif cult patternsof
reasoning.



5.3 SameSyntax, but Diverging Semantics

In thesame-syntakut diverging semanticgayeringproposalOWL hasthesamesyntax
(or maybea subsebf RDF syntax)but doesnot abideby (all of) the RDF(S)meaning.
This may seemratherstrangeat rst glance.After all, shouldnt the SemanticWeb
retainmeaningfrom lower languagesHowever, the SemantioMeb doesnot do this at
the lowestlevels, asit ignoresthe meaningprovided by XML in favor of a different
RDF meaningfor documents.

Oneway to rationalizethis form is layeringis to view RDF(S)asa meandor rea-
soningaboutthe syntaxof an ontology RDF would male distinctionsbasedon the
form of the ontologyconstructsfor examplethe orderof conjunctsin aconjunctionor
whethentwo classesreexplicitly statedo bedisjointasopposedo having disjointness
inferredfrom their propertiesOnthe otherhand,OWL would be solelyinterestedvith
thelogical consequenceasf ontologyconstructsandwould not have ary accesso their
form. In this view RDF would not be viewed asa basicontologylanguagebut instead
asasyntacticmechanisnfor de ning ontologylanguages.

In supportof thisview, RDF(S)hasmary strangdeaturesonsidere@d@sanontology
language jncluding rei cation, syntacticcontainersand the heory of RDF Schema
classesand properties.Thesefeaturesmay only make sensef you useRDF(S)asa
mechanismnior de ning ontologylanguages.

For example it may make sensdo distinguishat somelevel betweerthe de nition
of

— arelationr asanattribute of a classc versus
— asaglobalpropertyr with c asits domain.

Logically thesetwo arethe samebut from a modelingpoint of view they arequite
different.By having two typesof entailmentsve cancapturethis without runninginto
ary problems.With syntacticalRDF(S) reasoningwe can askfor different syntacti-
cal stylesof an ontologyandwith semanticalODWL reasoningwve infer logical conse-
quence®f anontology

Thislayeringrelationshipallows usto dealwith differentmodelingparadigmsWe
would de ne aframesyntaxfor OWL in RDF(S),makingsurethatit beharesthesame
as the non-frameversionat the logical level but behaes differentat the syntactical
level,i.e.,in theframeversionyou couldaskwhethersomethings explicitly de nedas
anattribute or asa property This layerallows usto capturejnfer, andquerymodeling
information,asopposedo logical information.

So, althoughthis layering proposalgoesagainstthe logical-extensionview of the
SemantidNVeb,it doeshaveits own bene ts.

5.4 Diverging Syntaxand Diverging Semantics

One problemwith the abose approachis that RDF is a terrible syntaxfor complex
constructsAs everythingis RDF is atriple, if OWL hasthe samesyntaxas RDF, all
OWL syntaxhasto beencodedasoneor moretriples.

Thisis notasevereproblemif anOWL syntacticakonstructanindeedbeencoded
asonetriple. However, most OWL syntacticalconstructsare more complicated.For



example,the cardinality constructausedabove have four componentsand have to be
encodedasfour triples.EncodingasyntacticabonstrucasmorethanoneRDF(S)triple
resultsin severalsesereproblems.

First, thetriplesarenotconnectedAn RDF(S)documentouldbe missingsomeof
thetriples.If so,whatsyntacticatonstrucis beingencoded®or example acardinality
restrictionmight be missingthe property Secondthereis nowayin RDF(S)to require
thatonly theappropriatdriplesarepresentFor example a cardinalityrestrictionmight
have extra, randomtriples attachedo it, suchas sayingthat a cardinality restriction
hasa friend. Even worse,a cardinality restriction might have two propertiesor two
numbersWhatis beingsaidhere?So it might be usefulto diverge from the RDF(S)
semanticeven when extendedthe syntax,becausedheringto the semanticsauses
computationadif culties.

What thenremainsof the SemanticWeb tower? Well, one could saythat RDF(S)
really shouldhave beenjust abouttriples, andthat the classand propertytheoryem-
beddedin RDF Schemais not useful. This would thenresultin an extensionof this
base-triplgportionof RDF, andnot atotal breakdevn of the SemantidVebtower.

In this layeringview, OWL takesthe usefulportion of RDF syntaxandsemantics,
andreplacesherest(bothsyntaxandsemanticsyvith a syntaxandsemanticshatworks
for theontologylayer.

6 Conclusions

The biggestproblemwith the layering of OWL on top of RDF(S) comesnot from
ary particularaspectof RDF(S)itself but insteadfrom a vision of the developersand
usersof RDF(S).In this vision RDF encompassethie whole of the semantioveb—all
informationin the semantiovebis written in RDF syntaxandthe basicmeaningof all
this informationis provided by RDFE. The higherlayersof the semantioveb sene to
provide extra meaningfor theinformationthatgoesbeyondthe scopeof RDF, but they
arenot free to eitherextendthe syntaxof RDF nor arethey free to modify the basic
meaningprovidedby RDF.

RDFSis anexampleof suchanextension RDFSusesthe samesyntaxasRDF and
extendghemeaningpf someconstructdut retaingheirRDF meaningHowever, RDFS
is avery smallextensionof RDF. More signi cant extensiongo RDF(S)requireeither
an extensionto the syntaxof RDF or somedeviation from the semanticof RDF(S).
Perhapshemainlessorto belearnedhereis thatarepresentatioformalismshouldnot
claim the entireuniverse alwaysleaving openthe possibility that extensionsto it will
needtheir own waysof statinginformationor their own waysof providing meaningor
theinformationthey state.

Figuringoutthe properprinciplesfor building up the semantiaveblanguageower
will requiremorework andrecallsearlierapproachem knowledgerepresentatiofb,
4] andknowledgemodeling[14]. This work shouldpreventthe languageower of the
semantiovebfrom endingup like the famoustower of Babel.

In this papemwetookthe rst stepsnto thedirectionof ablue print for thesemantic
weblanguageaower. We werefocusingon how to build thefundamenfor OWL, which
is the rst oor of the ontology-enabledveh We explainedsomeproblemsthat occur



whennavely building OWL ontopof RDFandwedescribedhreepossiblestratgiesto
overcomethe problem.Insteadof preferingonesolutionwe describehe solutionspace
with variouschoicesandtheir prosandcons.It will be up to the Web Ontology (Web-
Ont) Working Groupof the SemantidWeb Activity of the W3C, therecommendation
organizationof the World Wide Web, to determinehe actualstrateyy to usein OWL.
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