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Abstract. The ResourceDescriptionFramework andtheResourceDescription
Framework SchemaSpeci�cationaresupposedto be the foundationsof theSe-
manticWeb, in thatall otherSemanticWeb languagesareto be layeredon top
of them.It turnsout thatsucha layeringcannotbeachieved in a straightforward
way. Thispaperdescribestheproblemwith thestraightforwardlayeringandlays
out severalalternative layeringpossibilities.Thebene�tsanddrawbacksof each
of thesepossibilitiesarepresentedandanalyzed.

1 Intr oduction

TheWorld WideWeb(WWW) hasdrasticallychangedtheavailability of electronically
accessibleinformation.TheWWW currentlycontainssome3 billion staticdocuments,
which areaccessedby over 300 million usersinternationally. At the sametime, this
enormousamountof datahasmadeit increasinglydif�cult to �nd, access,present,and
maintaintheinformationrequiredby a wide varietyof users.This is becauseinforma-
tion contentis presentedprimarily in naturallanguage.Thus,a wide gaphasemerged
betweentheinformationavailablefor toolsaimedataddressingtheproblemsaboveand
theinformationmaintainedin human-readableform.

In responseto this problem,many new researchinitiativesandcommercialenter-
priseshave beensetup to enrichavailableinformationwith machine-processablese-
mantics.Suchsupportis essentialfor “bringing thewebto its full potential”.TheSe-
mantic Web activity of the World Wide Web Consortiumis charteredto designthis
future “semanticweb”—anextendedweb of machine-readableinformationandauto-
matedservicesthatextendfarbeyondcurrentcapabilities[3,9,10]. Theexplicit repre-
sentationof thesemanticsunderlyingdata,programs,pages,andotherwebresources,
will enablea knowledge-basedweb thatprovidesa qualitatively new level of service.
Automatedserviceswill improve in their capacityto assisthumansin achieving their
goalsby “understanding”moreof thecontenton theweb,andthusproviding moreac-
curate�ltering, categorization,andsearchesof informationsources.This processwill
ultimatelyleadto anextremelyknowledgeablesystemthatfeaturesvariousspecialized
reasoningservices.Theseserviceswill supportus in nearly all aspectsof our daily
life—makingaccessto informationaspervasive,andnecessary, asaccessto electricity
is today.



Fig.1. TheSemanticWebTower

Realizingthisvisionof thesemanticwebrequiresanumberof intermediateandre-
latedsteps.Tim Berners-Leeenvisioneda semanticweb languagetower [http://www.
w3c.org/2000/Talks/1206-xml2k-tbl/slide10-0.html] (seeFigure1) thatprovidesin-
termediatelanguagestandards.Basedon XML astheuniversalsyntaxcarrier, a tower
of successively morepowerful languagesarede�ned.TheResourceDescriptionFrame-
work (RDF) [15] andResourceDescriptionFramework SchemaSpeci�cation(RDFS)
[7] de�ne a standardfor representingsimplemetadata—shallow machine-processable
semanticsof information.Thenext stepis is currentlyunderdevelopmentby theW3C
WebOntologyWorkingGroup(http://www.w3.org/2001/sw/WebOnt/). whichis pro-
ducingaWebOntologyLanguage,tentatively calledOWL. Furtherextensionswill pro-
vide rule languagesand�nally a full-�edged machineprocessablesemanticweb.

We arecurrentlyworking on a smallpieceof theoverallpuzzle.This paperreports
lessonslearnedwhentrying to layerOWL on top of RDF andRDFS.3 It turnsout that
OWL cannotbede�ned assemanticextensionof RDF(S)while retainingthesyntaxof
RDF. Wewill explaintheproblemsweencounteredwhentrying thisandwealsodiscuss
several alternative workarounds.Eachof thesehave their advantagesanddrawbacks.
Themaincontribution of thepaperis to provide deeperinsightson how the language
towerof thesemanticwebcanbeorganized.

Although this paperconcentrateson a particularproblem,that of layering OWL
on top of RDF(S),therearelayeringdecisionsto be madewhenever a new represen-
tation formalismhasto becompatiblewith anexisting representationformalism.This

3 Wewill useRDF(S)to referto thecombinationof RDFandRDFS.



will occurat otherpointsof thesemanticwebtower, hasoccuredin thepast,andwill
undoubtablyoccurin thefuture.

The contentof the paperis organizedas follows. In Section2, we describethe
context of our problem.We discussthe semanticweb languagetower assketchedby
Tim Berners-Lee.Section3 sketchesfour differentwaysonhow to layerOWL ontopof
RDF. Section4 discussesoneof thesesolutionsin moredetails.Actually this“solution”
is rathera characterizationof the problemwe encounteredin layering the different
languagesproperly. Section5 discussesthreepossiblesolutions.Insteadof indicating
onesolutionwe elaboratethe entiresolutionspaceandcharacterizethe alternative in
termsof their advantagesanddraw-backs.Finally, Section6 providesconclusions.

2 The Context: The SemanticWebLanguageTower

Givingarealsemanticsto thesemanticweblanguagetowerassketchedbyTim Berners-
Leein Figure1 requiresseriouswork to clarify many of thepresenttechnicalissues.

URIs and Unicodeprovide standardways to de�ne referencesto entitiesand to
exchangesymbols.XML providesa standardway to representlabeledtreesandXML
Schemaprovidesa mechanismto de�ne grammarsfor legal XML documents.Finally,
the namespacemechanismof XML (NS) allows thecombinationof documentswith
heterogeneousvocabulary. Theseconceptsprovide the syntacticunderpinningsof the
semanticweb.

The�rst layerof thesemanticwebis providedby RDF.
TheResourceDescriptionFramework (RDF) “is a foundationfor processingmeta-

data;it providesinteroperabilitybetweenapplicationsthat exchangemachine-under-
standableinformationon theWeb.” [15]. Basically, RDF de�nes a datamodelfor de-
scribingmachineprocessablesemanticsof data.As statedin theRDFModelandSyntax
Speci�cation[15], thebasicdatamodelfor RDFconsistsof threeobjecttypes:

– Resources:A resourcemaybeanentireWebpage;a partof a Webpage;a whole
collectionof pages;or an objectthat is not directly accessiblevia theWeb;e.g.a
printedbook.Resourcesarealwaysnamedby URIs.

– Properties:A propertyis a speci�c aspect,characteristic,attribute,or relationused
to describea resource.

– Statements:A speci�c resourcetogetherwith a namedpropertyplus the valueof
thatpropertyfor thatresourceis anRDFstatement.

In a nutshell,RDF de�nes object-property-value-triplesasbasicmodelingprimi-
tivesandintroducesa standardsyntaxfor them.An RDF documentwill de�ne proper-
tiesin termsof theresourcesto which they apply.

RDFSchema[7] de�nesa simplemodelinglanguageon topof RDF. RDFSchema
introducesclasses,is-a relationshipsbetweenclassesandproperties,anddomainand
rangerestrictionsfor propertiesasmodelingprimitives.

RDF andRDF schema(RDF(S)hereafter)useXML asa carriersyntaxbut do not
employ any semanticsexpressedby XML, insteadusingtheir own semanticsfor XML
syntax.



TheOIL de�nition:

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

<oil:NOT>
<oil:hasOperand rdf:resource="Carnivore" />

</oil:NOT>
</rdfs:subClassOf>

</rdfs:Class>

WhatanRDFSchemasystemunderstands:

<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 versusRDFSchema

The term Ontologyvocabulary (anddatabasedon top of it) in the semanticweb
towermaycauseirritation. Weguessthattheauthorrefersto anontologylanguagethat
is a restrictedsubsetof logic to de�ne terminology. Currently, a languagecalledOWL
is underdevelopmentfor this purpose.Most of this paperis abouton how to de�ne
OWL on top of XML andRDF(S).WhereastherelationshipbetweenXML andRDF
is a simplesyntacticone,the relationshipbetweenRDF(S)andOWL necessarilyhas
semanticcomponentsaswell. The detailsof this relationshipinvolve a rich decision
spaceof propersyntacticandsemanticlayering.

Thesemanticwebtower�gure mentionsLogicontopof Ontologylayer. Ontheone
hand,this maybemisleadingasany Ontologylanguageshouldbeproperlygrounded
in logical notions.On the other hand,this may be taken as a hint that on top of an
Ontologylanguagearicherlogical languageshouldbeprovided.Again,wemayexpect
complicateddiscussionson an appropriatelayering.For example,proposalsfor web
logic languagesmayemploy a specialsemantics,suchasminimal modelsemantics,to
make inferencemoreamenableto computerimplementation.

Proofandtrustseemto beratherapplicationsthana new languagelevel. Anyway
they arefarbeyondcurrentefforts.

Currently many layering ideasorientedto syntacticaland semanticalextensions
competewhicheachother(http://lists.w3.org/Archives/Public/www-webont-wg/) [6,
8]. Working out theproperrelationshipseemsto be muchmorechallengingthanjust
developingonelayer. Soevenbeforewedesigntheontologylanguage,weneedavision
of how thelevelsin thesemanticwebtower relateto eachother.



OIL [11,12], a predecessorof OWL, wasde�ned asa syntacticextensionof RDF-
Schemawhich meansthatevery RDF-Schemaontologyis a valid ontologyin thenew
language(i.e.,anOIL processorwill alsounderstandRDFSchema).However, theother
direction is also available: de�ning an OIL extensionas closely as possibleto RDF
Schemaallows maximalreuseof existing RDF Schema-basedapplicationsandtools.
However, sincetheontologylanguageusuallycontainsnew aspects(andthereforenew
vocabulary,whichanRDFSchemaprocessordoesnotknow),100%compatibilityisnot
possible.Let usexamineanexample.TheOIL expressionin Figure2 de�nesherbivore
asa class,which is a sub-classof animalanddisjunctto all carnivores.An application
limited to pure RDF Schemais still able to capturesomeaspectsof this de�nition.
It seesthat herbivore is a subclassof animalanda subclassof a secondclass,which
it cannotunderstandproperly. This seemsto bea usefulway to preserve complicated
semanticsfor simplerapplications.

Recently, ainterestingfeatureof thisapproachbecomevisible.In generalonewould
assumethatanOIL/OWL agentcandraw moreconclusionsthananRDFSchemaaware
agent.This we will call the model theoreticinterpretationof the semanticweb lan-
guagetower. However, basedon the RDF model theory [13] this turnedout to be
not true. BecauseRDF “sees” the syntacticalde�nition of an ontology it can draw
conclusionsthat OWL, which is situatedat a logical level, cannot.That is, not every
model for an OWL ontology is alsoa model for 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
andrepresentingOWL constructssyntacticallyin RDF leadsto paradoxicalsituations,
i.e., ill-de�ned modeltheoriesfor OWL. Wewill explain theseproblemsin moredetail
in thenext Sections.

3 Layering in the SemanticWeb

What is the relationshipbetweenthevariouslayersin this SemanticWebtower?Well
this doesdependsomewhaton which layersarebeingconsidered,but therearesome
principlesandsomebasickindsof relationshipsthatcanbeconsidered.

First, the variouslayersare languages,so they have a syntax.The syntaxof one
layercanbeanextensionof thepreviouslayer, thesameasthepreviouslayer, asubset
of thepreviouslayer, or just differentfrom thatof thepreviouslayer. For example,the
syntaxof RDF is a subsetof thesyntaxof XML, asRDF usesXML syntax,but not all
XML documentsarevalid RDFdocuments.

Second,thevariouslayers,oratleastmostof them,haveasemanticsor meaning.As
theSemanticWeb is basedon meaning,we shouldexpectthat themeaningsprovided
by onelayer form thefoundationfor thenext layer. Otherwise,how canthis becalled
a semanticweb?Sowe shouldexpectthatonelayersemanticallyextendstheprevious
layer, in thatall meaningsof thepreviouslayeraremaintainedby thenext layer, andthat
extrameaningsareprovidedby thatlayer. For example,this is therelationshipbetween
RDF andRDF Schema,whereRDF Schemamaintainsall the meaningsof RDF, but
addsnew meaningsof its own.



However, thereis apointwheretheSemanticWebmovesoutof thesemanticrealm
andinto the syntacticrealm.At this point we do not expectthat the semanticsof the
layer, if any, arepreserved.Forexample,thefoundationof theSemanticWebis Unicode
stringsand URIs. However, not all of the Unicodestringsin an RDF documentare
strings;insteadthesestringsaregivenadifferentmeaningin theSemanticWeb.

In fact,theSemanticWebtreatsXML aspartof thesyntacticrealm.Thesemantics
of XML documentsarenot retainedin RDF. InsteadRDFprovidesits own meaningfor
XML documents;a meaningthatis not compatiblewith theXML datamodelmeaning
of thedocument.

In fact,theonly semanticlayeringcurrentlyin theW3C-approvedsemanticwebis
the layeringbetweenRDF andRDF Schema.RDF Schemausespreciselythe syntax
of RDF. That is, all RDF documentsaresyntactically-valid RDF Schemadocuments.
RDF Schemais alsoa semanticextensionof RDF. That is, theRDF Schemameaning
of RDFconstructsincorporatestheRDFmeaningof theseconstructs.

Thereareat leastfour proposedlayeringsof OWL on topof RDF(S).

1. Same-syntaxsemanticextension:In this proposedlayering,which is thesamelay-
ering relationshipas that betweenRDF and RDF Schema,the syntaxof OWL
would be the sameas the syntaxof RDF and the semanticsof OWL would be
an extensionof the semanticsof RDF Schema.This looks like the mostnatural
proposal.However, aswe will show below, this approachleadsto an ill-de�ned
modeltheoryof OWL. Therefore,we describethis solutionratherasan enumer-
ationof potentialproblemsthanasanactualsolution.This “solution” is thepoint
whereouranalysisdeparts.

2. Syntaxandsemanticextension:In this proposedlayeringthesemanticsof OWL is
de�ned asan extensionof thesemanticsof RDF Schema.The syntaxof OWL is
alsoanextensionof thesyntaxof RDF. In thisproposalmany syntacticalconstructs
of OWL wouldnotbede�nedin RDFbut insteadwouldusenon-RDFXML syntax.
This proposalavoids theparadoxicalsituationsof theprevious layeringproposal.
However, new parserswould be requiredto processthe OWL languageand an
RDF(S)awareagenthasavery limited understandingof anOWL ontology.

3. Same-syntax,butdivergingsemantics:In thisproposallayering,OWL syntaxwould
againbe RDF syntax,or a subsetof RDF syntax,but the meaningof somecon-
structswouldbedifferentfrom theirmeaningin RDF or RDFSchema.In essence,
OWL would treatRDF asa syntaxcarrier, just asRDF treatsXML asa syntax
carrier. Actually, mostreasonableversionsof this approachwould not completely
discardtheRDFandRDFSchemameanings,andconsiderableoverlapis possible.
HereanRDF(S)awareagentmayunderstandmany aspectsof anOWL ontology
(asfar asthey arenot beyondhis RDF(S)horizon),however, would give someof
thema differentmeaningfrom his RDF(S)point of view.

4. Differing syntaxandsemantics:In this proposallayering,OWL differsfrom RDF
andRDF Schemain both syntaxandsemantics.Again, althoughthe formalisms
would diverge,considerableoverlapis possibleandevendesirable.

In thenext sectionwe will explain further the�rst “solution” which is actuallynot
asolutionbut away to describetheproblemweencountered.In Section5, wedescribe
theotherthreesolutionsin moredetail.



4 The Problem When Layering OWL On Top Of RDF(S)

As statedabove,themostattractivewayto layerOWL ontopof RDF(S),at leastat �rst
glance,is to usethesamelayeringrelationshipasthatbetweenRDFandRDFSchema.
That is, OWL would have thesamesyntaxasRDF andthesemanticsof OWL would
be an extensionof the semanticsof RDF(S).This layering relationshipwas the one
expectedto beusedby thedesignersof RDF(S),at leastwesobelievebasedonvarious
statementsaboutRDF(S).However, aswe explain in this section,it is just not possible
to extendthis layeringrelationshipto the ontologylevel becauseit leadsto semantic
paradoxes.

Nä�ve usersmay arguethat semanticparadoxesarenot importantin the semantic
web. After all, shouldthe semanticweb not be able to representcontradictions,and
maybeeven reasoneffectively in the presenceof contradictions,andsemanticpara-
doxesarejust like built-in contradictions?Yes,but the key point is preciselythat se-
manticparadoxesarebuilt-in—they arepresentin all situationsandthusthey causeall
situationsto beill-de�ned, resultingin a completecollapseof thelogical formalism.

4.1 The Problemin GeneralTerms

Theproblemwith thesame-syntaxextensionof RDF(S)to OWL is roughly thesame
as the problemsthat destroyed the initial formalizationof set theory. This paradox,
discoveredby Russell,resultsfrom anattemptto makesetstoopowerful.

In the formalizationof settheorythat containsRussell's paradox,thereis a (very
large) collection of built-in sets.All modelsfor setsinclude thesebuilt-in sets,and
usuallymany more.Unfortunately, thesebuilt-in setsincludethesetconsistingof those
setsthatdo not containthemselves.Is this seta memberof itself?If it is thenit cannot
be,becauseit containsexactly thosesetsthat do not containthemselves,andit does
containitself. If it is not thenit mustbe,via similar reasoning.

This violatestheveryprinciplesof settheory, i.e., thatsetmembershipshouldbea
well-de�ned relationship.Becausethis sethasto be in every modelfor sets,thereare
nomodelsfor sets,resultingin acompletecollapseof this formalizationof settheory.

OWL layeredontopof RDFSchemaasasame-syntaxextensionhasthesameprob-
lem. We believe that to make the logical foundationsof classesin theextensionwork
correctly, therehasto be a large collectionof built-in classesin any model.Unfortu-
nately, this collectionincludesthe classthat is de�ned asthoseresourcesthat do not
belongto theclass.Membershipin this classis ill-de�ned, via reasoningsimilar to the
reasoningfor Russell'sparadoxicalsetabove.Thisviolatesthesemanticunderpinnings
of classes,resultingin nomodelsfor OWL de�ned in this way.

RDF(S)doesnot fall into thisparadoxbecauseit doesnotneeda largecollectionof
built-in classes,nothaving any way to de�ne classes.

4.2 The Problemin Detail

To understandthe detailsof the problemwith a same-syntaxandextendedsemantics
layeringof OWL on top of RDF(S) it is �rst necessaryto understanda bit aboutthe
syntaxandsemanticsof RDF(S).



Thesurfacesyntax,i.e., theXML syntax,of RDF(S)is beingmodi�ed by theRDF
CoreWorking Group,but thebasicideasareunchanged.Further, theRDFCoreWork-
ing Groupis developinga syntaxof RDF(S)[2] in termsof N-triples [1], a cut-down
versionof N3. So, for thepurposesof this discussion,it suf�ces to view RDF syntax
asa collectionof triplesin theform of � subjectpropertyobject � , wheresubjectis a
URI or ananonymousnodeID, objectis a URI or anonymousnodeID or literal, and
propertyis a URI.

Recently, a semanticsfor RDF(S)hasbeende�ned by theRDF CoreWG [13] The
model-theoreticsemanticsde�nes model-theoreticinterpretations,how theseinterpre-
tationsprovide meaningfor RDF(S),andhow oneRDF(S)knowledgebasecanentail
another. Thedetailsof interpretationscannotbegivenin a paperof this length,but the
generalideasarefairly standard.Basically, interpretationsarebuilt on resources,i.e.,
referenceableobjects,literal values,e.g.,strings,andbinary relationshipsbetweenre-
sourcesor from resourcesto literal values.BothURIsandanonymousnodeIDs denote
resources,andliteralsdenoteliteral values,e.g.,strings.Triplesdenoterelationshipsbe-
tweenresourcesor from resourcesto literal valuesthatbelongto a property. Theonly
unusualpart of this modeltheoryis that propertiesarealsoresources.From interpre-
tationstheusualideaof models,i.e., interpretationsthatsatisfya KB, follow, asdoes
entailment,i.e.,all modelsof oneKB arealsomodelsof another.

RDF itself hasa simplebuilt-in theoryhaving to do with the typesof resources.
It providesa propertybetweenresources,rdf:type, that links a resourceto the types
thattheresourcebelongsto. As all propertiesareresourcesin RDF, sordf:typeis a re-
source.Theextrameaningof rdf:typeaccruingfrom its statusasarelationshipbetween
resourcesandtheir typesis formally de�ned in themodeltheoryfor RDF.

RDF Schemaextendsthis theory by creatinga theory of classesand properties.
Classesin RDF Schemaarethoseresourcesthatcanhave members,i.e.,RDF Schema
classesareresourcesthatcanbetheobjectof tripleswhosepredicateis rdf:type.RDF
Schemade�nes several built-in classes,including rdfs:Class,the classof all classes,
andrdfs:Resource,theclassof all resources.RDFSchemaalsode�nesseveralrelation-
shipsbetweenclasses,including rdfs:subClassOf,the subclassrelationship.All these
resourcesaregivenmeaningby theRDF(S)modeltheory.

However, theRDF Schematheoryof classesandpropertiesis very weak.For ex-
ample,it is not possiblein RDF Schemato provide de�ned classes—classesthatgive
a formula that determineswhich resourcesbelongto them.The intent of OWL is to
provideanevenrichertheoryof classesandproperties,allowing for de�nedclassesand
morerelationshipsbetweenclasses.Someof thesede�nedclassesarecalledrestrictions
in OWL. Therearerestrictionsin OWL thatprovide local typing for propertiesandre-
strictionsin OWL that ensurethat thereareseveral values(or at mostseveral values)
for a propertythatbelongto a particularclass.Thereis alsoa constructin OWL that
createsa classfrom a setof resources.

It is this richer theory of classesthat clasheswith the underlyingprinciples of
RDF(S),resultingin paradoxesin a same-syntaxandextendedsemanticslayeringof
OWL on topof RDF(S).Let'snow investigatehow thesesemanticparadoxesarise.

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



fore every syntacticconstructhasto beeithera URI, ananonymousnodeID, a literal,
or a triple. As thesemanticsof OWL in this layeringis anextensionof thesemantics
of RDF(S) the denotationof theseconstructshasto be the sameas their denotation
in RDF(S) and the semanticconstraintson them have to include the semanticcon-
straintson themin RDF Schema.Further, asOWL classesarean extensionof RDF
Schemaclasses,the OWL relationshipfrom resourcesto their OWL classesmust in-
corporatethe RDF SchemarelationshipbetweenresourcesandRDF Schemaclasses,
namelyrdf:type,andOWL classesmustincludeRDF Schemaclasses.Let uscall the
propertythat is the OWL relationshipfrom resourcesto their types,owl:type, which
caneitherberdf:typeor somesuper-propertyof rdf:type.

Now considerentailmentin this versionof OWL. Supposewe have an OWL in-
terpretationthat containsan RDF Schemaclass,Person , a propertychild , andan
objectJohn that hasno outgoingchild relationships.OWL containsthe notion of a
restrictionof a propertyto a type, i.e., given a property, saychild , anda class,say
Person , it is possibleto createtherestrictioncorrespondingto thoseresourceswhose
child renall belongto Person . John belongsto this restrictionin this interpretation
becauseJohn hasno child renandthusall John 's child renbelongto Person .
Thereforewe needthatany interpretationlike theoneabove is a modelfor John be-
longing to this restriction.However, restrictionsare resourcesandthus this canonly
happenif thereis a resourcethatcorrespondsto therestriction,andthatincludesJohn
asa member. So, this simple interpretationwill not be correct,in our view, unlessit
includessucha resourceandtheappropriateowl:type relationshipsto it.

ThusOWL interpretationsmustincluderesourcesfor many restrictions,essentially
all the restrictionsthat can be built out of the classesand propertiesthat are in the
interpretation.As well, OWL interpretationsmusthave the correctowl:type rela-
tionshipsto theseresources.In this way, eachOWL interpretationmusthave a theory
of restrictions,including self-referentialrestrictions,andalsootherOWL constructs.
Someof theserestrictionscanreferto themselves,asthereareself-referentialloopsin
RDFSchemaclassesandthusthis cannotberuledout in restrictions.

We arenow in thesamesituationthat theoriginal formalizationof settheorywas,
asthefollowing shows.

Considerthe restrictionthat statesit is preciselythoseresourcesthathave at most
zerovaluesfor thepropertyowl:typethatbelongto theclassthatconsistsof therestric-
tion itself. In theN-triplessyntaxfor RDF, this is

_:1 a owl:Restriction .
_:1 owl:onProperty owl:type .
_:1 owl:maxCardinalityQ 0 .
_:1 owl:hasClassQ _:2 .
_:2 oneOf _:3 .
_:3 owl:first _:1 .
_:3 owl:rest owl:nil .

This restriction,readslightly differently, is therestrictionthatconsistsof thosere-
sourcesthatdonotbelongto it. This is not theparadoxicalRussellset,but is paradoxi-
cal.Considerany resource.If it belongsto therestrictionthenit doesnot,but if it does



not thenit does.Justaswith theRussellset,if this restrictionis in aninterpretationthen
theclassmembershiprelationshipis ill-de�ned. However, this restrictionis in all OWL
interpretations,becauseit is constructedonly from resourcesthatmustbe in all OWL
interpretations.Thereforeall OWL interpretationshaveanill-de�ned classmembership
relationshipandthusthis layeringof OWL is paradoxical.

5 SolutionsFor Layering OWL On Top of RDF(S)

Giventhat themostattractive layeringsolutionleadsto semanticparadoxes,whatcan
be done?Oneapproachwould be to changeRDF or RDF Schemain someway, per-
hapsby removing someof thepartsof RDF Schemathatparticipatein theparadoxes.
However, if we want to keepall of RDF andRDF Schema,it is necessaryto pick one
of theothersolutions.Theintentof this paper, however, is not to actuallydo thepick-
ing. Instead,this paperis concernedwith laying out thebene�tsanddrawbacksof the
varioussolutionssothataninformeddecisioncanbemadebetweenthem.

5.1 Limiting Entailment

Onewayof keepingthesame-syntaxextensionrelationshipbetweenRDFSchemaand
OWL would be to simply give up on the entailmentsthat requirethe presenceof the
problematicrestrictionsin all interpretations.Thiswould,however, resultin somerather
strangeconsequences.

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

5.2 Syntacticand SemanticExtension

In thesyntacticandsemanticextensionlayeringproposal,OWL de�nes new syntactic
constructsthatdo not exist in RDF or RDF Schema.However, thesyntacticconstructs
of RDFareall valid syntacticconstructsof OWL, andhave thesamemeaningin OWL
asthey hadin RDF andRDF Schema,or anextensionof thatmeaning.(EventheRDF
constructsthat arenot addressedby OWL, suchasrei�cation, remainasvalid OWL
syntax.)Thenew syntacticconstructsof OWL aregivenmeaningsthatarecompatible
with theRDFandRDF Schemameaningof relatedRDFconstructs.

Thenaturalwayof de�ning OWL in thislayeringproposalis tomaketherestrictions
of OWL be new syntax.Theserestrictionswould have a separatemeaningde�ned by
the OWL model theory. For example,a possiblesyntaxfor a maximumcardinality
restrictionlike theoneabovecouldbe:

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



Thissyntacticconstructwouldbegivenits own meaningby theOWL modeltheory,
which would not includeits presenceasa resourcein interpretations.In this way the
modeltheoryof OWL would notbesubjectto thesemanticparadoxabove.

This relationshipbetweenRDF(S)andOWL would bethesameastherelationship
betweenpropositionalandmodallogics.Therearemany otherexamplesof this sortof
layeringbetweenlogical andknowledgerepresentationformalisms.

In this proposalfor OWL therewould still be considerableoverlapbetweenRDF
andRDF Schema,on onehand,andOWL on theother. OWL would still have classes
andproperties,andwould have all theRDF Schemaclasses,like rdfs:Classandrdfs:-
Resource.It is just that restrictionswould not be classes.An OWL systemwould be
ableto processRDF(S)documents,andwould give thema meaningthatwascompat-
ible with themeaninggivento themby anRDF(S)system.An OWL documentwould
generallyincludethreeportions:an RDF(S)portion that setup basefactsandtyping
relationships,suchasJohn's friend is Mary andJohnis a Person;an RDF(S)portion
that createsclassesandgivessomerelationshipsbetweenthem,suchasStudentand
PersonareclassesandStudentis anrdfs:subClassOfPerson;andanOWL-only portion
thatgivesmeaningto someof theclasses,suchasStudentis de�ned to bethosePersons
whoareenrolledin a School.

An OWL documentwould thusnot be completelyparseableby RDF(S) parsers.
However, many OWL documentswould include signi�cant RDF(S) contentand an
RDF(S)systemthatwaspreparedto ignoretheOWL constructscouldstill extractcon-
siderableinformationfrom anOWL document.For example,anRDF(S)systemwould
have accessto all base-level facts,theclasses,andtheir subclassrelationships,which
would all still bein RDF(S)form.

In this proposedlayering,theSemanticWebtower would beconsideredasa tower
of more-and-morepowerful logical languages,all sharinga commonsemanticcore.
Higherlanguageswouldbehavemoresyntacticconstructsandwouldextendthemean-
ing for constructsfrom lower languages,but would be compatiblewith the meanings
that comefrom the lower languages.Systemsbuilt for the lower languagescould be
consideredsoundbut incompletereasonersfor thehigherlanguages,only onthesyntax
of thelower languageif they did notallow for unknown constructs,but if they allowed
for unknown constructsthey would beincompletereasonersfor thehigherlanguages.

Nevertheless,this layeringview hassomeproblems.RDF(S)is not just aboutbase
facts,but also includesa theoryof classesandproperties.Theseclassesandproper-
ties are resourcesand thus can participatein base-level facts.This is not a problem
in RDF(S)becauseof its limited expressive power, but cancauseproblemsin more-
expressive languages,like OWL. For example,OWL couldendup having to dealwith
transitive propertiesthataretransitive only becausethey arethevalueof a propertyin
someresource.Evenworse,this transitivity couldbeconditionalbecausetheproperty
might or might notbethevalue,dependingonsomeotherinformation.

For example,if Johnis aPersonwhosefriendsareall transitiveproperties,andJohn
hasa friend thatis eitherbaror baz,theneitherbaror bazis a transitiveproperty. This
conditionaltransitivity cangiveriseto extraordinarily-complex anddif�cult patternsof
reasoning.



5.3 SameSyntax,but Diverging Semantics

In thesame-syntaxbut divergingsemanticslayeringproposalOWL hasthesamesyntax
(or maybea subsetof RDF syntax)but doesnotabideby (all of) theRDF(S)meaning.
This may seemratherstrangeat �rst glance.After all, shouldn't the SemanticWeb
retainmeaningfrom lower languages.However, theSemanticWebdoesnot do this at
the lowest levels,as it ignoresthe meaningprovided by XML in favor of a different
RDFmeaningfor documents.

Oneway to rationalizethis form is layeringis to view RDF(S)asa meansfor rea-
soningaboutthe syntaxof an ontology. RDF would make distinctionsbasedon the
form of theontologyconstructs,for exampletheorderof conjunctsin aconjunction,or
whethertwo classesareexplicitly statedto bedisjointasopposedto having disjointness
inferredfrom theirproperties.Ontheotherhand,OWL wouldbesolelyinterestedwith
thelogicalconsequencesof ontologyconstructsandwouldnothaveany accessto their
form. In this view RDF would not beviewedasa basicontologylanguagebut instead
asa syntacticmechanismfor de�ning ontologylanguages.

In supportof thisview, RDF(S)hasmany strangefeaturesconsideredasanontology
language,including rei�cation, syntacticcontainers,and the heory of RDF Schema
classesandproperties.Thesefeaturesmay only make senseif you useRDF(S)asa
mechanismfor de�ning ontologylanguages.

For example,it maymake senseto distinguishat somelevel betweenthede�nition
of

– a relationr asanattributeof a classc versus
– asa globalpropertyr with c asits domain.

Logically thesetwo arethesamebut from a modelingpoint of view they arequite
different.By having two typesof entailmentswe cancapturethis without runninginto
any problems.With syntacticalRDF(S) reasoningwe can ask for different syntacti-
cal stylesof an ontologyandwith semanticalOWL reasoningwe infer logical conse-
quencesof anontology.

This layeringrelationshipallowsusto dealwith differentmodelingparadigms.We
wouldde�ne aframesyntaxfor OWL in RDF(S),makingsurethatit behavesthesame
as the non-frameversionat the logical level but behavesdifferentat the syntactical
level, i.e., in theframeversionyoucouldaskwhethersomethingis explicitly de�nedas
anattributeor asa property. This layerallowsusto capture,infer, andquerymodeling
information,asopposedto logical information.

So,althoughthis layeringproposalgoesagainstthe logical-extensionview of the
SemanticWeb,it doeshave its own bene�ts.

5.4 Diverging Syntaxand Diverging Semantics

One problemwith the above approachis that RDF is a terrible syntaxfor complex
constructs.As everythingis RDF is a triple, if OWL hasthesamesyntaxasRDF, all
OWL syntaxhasto beencodedasoneor moretriples.

This is notasevereproblemif anOWL syntacticalconstructcanindeedbeencoded
asone triple. However, mostOWL syntacticalconstructsaremorecomplicated.For



example,thecardinalityconstructsusedabove have four components,andhave to be
encodedasfour triples.EncodingasyntacticalconstructasmorethanoneRDF(S)triple
resultsin severalsevereproblems.

First,thetriplesarenotconnected.An RDF(S)documentcouldbemissingsomeof
thetriples.If so,whatsyntacticalconstructis beingencoded?For example,acardinality
restrictionmightbemissingtheproperty. Second,thereis noway in RDF(S)to require
thatonly theappropriatetriplesarepresent.For example,acardinalityrestrictionmight
have extra, randomtriples attachedto it, suchassayingthat a cardinality restriction
hasa friend. Even worse,a cardinality restrictionmight have two propertiesor two
numbers.What is beingsaidhere?So it might be usefulto diverge from the RDF(S)
semanticseven whenextendedthe syntax,becauseadheringto the semanticscauses
computationaldif�culties.

What thenremainsof the SemanticWeb tower?Well, onecouldsaythat RDF(S)
really shouldhave beenjust abouttriples,andthat the classandpropertytheoryem-
beddedin RDF Schemais not useful.This would thenresult in an extensionof this
base-tripleportionof RDF, andnota total breakdown of theSemanticWebtower.

In this layeringview, OWL takestheusefulportionof RDF syntaxandsemantics,
andreplacestherest(bothsyntaxandsemantics)with asyntaxandsemanticsthatworks
for theontologylayer.

6 Conclusions

The biggestproblemwith the layering of OWL on top of RDF(S) comesnot from
any particularaspectof RDF(S)itself but insteadfrom a vision of thedevelopersand
usersof RDF(S).In this vision RDF encompassesthewholeof thesemanticweb—all
informationin thesemanticwebis written in RDF syntaxandthebasicmeaningof all
this informationis providedby RDF. The higherlayersof the semanticweb serve to
provideextrameaningfor theinformationthatgoesbeyondthescopeof RDF, but they
arenot free to eitherextendthe syntaxof RDF nor arethey free to modify the basic
meaningprovidedby RDF.

RDFSis anexampleof suchanextension.RDFSusesthesamesyntaxasRDFand
extendsthemeaningof someconstructsbut retainstheirRDFmeaning.However,RDFS
is a verysmallextensionof RDF. More signi�cant extensionsto RDF(S)requireeither
an extensionto the syntaxof RDF or somedeviation from the semanticsof RDF(S).
Perhapsthemainlessonto belearnedhereis thatarepresentationformalismshouldnot
claim theentireuniverse,alwaysleaving openthepossibility thatextensionsto it will
needtheirown waysof statinginformationor theirown waysof providing meaningfor
theinformationthey state.

Figuringout theproperprinciplesfor building up thesemanticweblanguagetower
will requiremorework andrecallsearlierapproachesin knowledgerepresentation[5,
4] andknowledgemodeling[14]. This work shouldpreventthe languagetower of the
semanticwebfrom endingup like thefamoustowerof Babel.

In thispaperwetookthe�rst stepsinto thedirectionof ablueprint for thesemantic
weblanguagetower. Wewerefocusingonhow to build thefundamentfor OWL, which
is the �rst �oor of theontology-enabledweb. We explainedsomeproblemsthatoccur



whennä�velybuildingOWL ontopof RDFandwedescribedthreepossiblestrategiesto
overcometheproblem.Insteadof preferingonesolutionwedescribethesolutionspace
with variouschoicesandtheir prosandcons.It will beup to theWebOntology(Web-
Ont) Working Groupof theSemanticWeb Activity of theW3C, the recommendation
organizationof theWorld Wide Web,to determinetheactualstrategy to usein OWL.
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