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Abstract. We shav how to reduceontology entailmentfor the OWL DL and
OWL Lite ontologylanguagedo knowledgebasesatis ability in (respectiely)
the and descriptionogics. Thisis doneby rst estab-
lishing a correspondencieetweerOWL ontologiesanddescriptionlogic knowl-
edgebasesandthenby shaving how knowledgebaseentailmentcanbereduced
to knowledgebasesatis ability.

1 Intr oduction

The aim of the SemanticWeb is to make web resourcegnot just HTML pageshut a
wide rangeof web accessiblelataand servicesymorereadily accessibléo automated
processedl hisis to bedoneby augmentingexisting presentatiomarkupwith semantic
markup,i.e., meta-dataannotationshatdescribeheir contentf2]. Accordingto widely
known proposaldor a SemanticWeb architecturepntologieswill play a key role as
they will be usedasa sourceof sharedandpreciselyde ned termsthatcanbe usedin
suchmetadatd15].

The importanceof ontologiesin semanticmarkuphaspromptedthe development
of several ontology languagesspeci cally designedfor this purpose.Theseinclude
OIL [7], DAML+OIL [13] andOWL [4]. OWL is of particularsigni canceasit has
beendevelopedby the W3C Web Ontology working group, and is setto becomea
W3C recommendation.

The proposedOWL recommendatioractually consistsof threelanguagesf in-
creasingexpressve power: OWL Lite, OWL DL andOWL Full. Like OWL's prede-
cessoDAML+OIL, OWL Lite andOWL DL arebasicallyvery expressie description
logicswith an RDF syntax.They canthereforeexploit the considerablexisting body
of descriptionlogic researche.g.,to de ne the semanticof the languageandto un-
derstandts formal propertiesjn particularthe decidabilityand compleity of key in-
ferenceproblems[6]. OWL Full providesa more completeintegrationwith RDF, but
its formal propertiesarelesswell understoodandkey inferenceproblemswould cer



tainly be mud harderto compute? In this paperwe will, therefore concentraten the
provision of reasoningervicedor OWL Lite andOWL DL.

1.1 OWL Reasoning

Reasoningwith ontology languageaill be importantin the SemanticWeb if appli-
cationsare to exploit the semanticof ontology basedmetadataannotationse.g., if
semanticsearchenginesareto nd pagesbasedon the semanticf their annotations
ratherthantheir syntax.As well as providing insightsinto OWL's formal properties,
OWL'srelationshipto expressve descriptionlogicsprovidesa sourceof algorithmsfor
solving key inferenceproblems,in particularsatis ability. Moreover, in spite of the
high worst casecompleity of reasoningn suchdescriptionlogics, highly optimised
implementation®f thesealgorithmsare availableand have beenshavn to work well
with realistic problems.Two dif culties arise,however, whenattemptingto usesuch
implementationso provide reasoningervicesor OWL;

1. OWL's RDF syntaxusesframe-like constructghat do not correspondiirectly to
descriptionogic axioms;and

2. asin RDF, OWL inferenceis de ned in termsof ontologyentailmentratherthan
ontologysatis ability.

The obvious solutionto the rst problemis to de ne a mappingthat decomposes
OWL framesinto oneor moredescriptionlogic axioms.It turnsout, however, thatthe
RDF syntaxusedin OWL cannotbedirectly translatednto ary “standard”description
logic becausét allows the useof anorymousindividualsin axiomsassertinghetypes
of andrelationshipsdetweerindividuals. The obvious solutionto the secondproblem
is to reduceentailmento satis ability. Doing this naively would, however, requirerole
negation,andthisis not supportedn any implementedescriptionogic reasoner

In this paperwe will show that, in spite of thesedif culties, ontology entailment
in OWL DL and OWL Lite canbe reducedto knowledge basesatis ability in the

and descriptionlogicsrespectiely. Thisis achiezedby map-
ping OWL to anintermediatalescriptionogic thatincludesanovel axiomassertinghe
non-emptinessf a class,andby usinga more sophisticatedeductionto satis ability
thatboth eliminategthis constructormndavoidsthe useof role negation.

This is a signi cant result from both a theoreticaland a practical perspectie:
it demonstrateshat computingontology entailmentin OWL DL (resp.OWL Lite)
hasthe samecompleity ascomputingknowledgebasesatis ability in
( ), and that descriptionlogic algorithms and implementations(such as
RACER [8]) canbe usedto provide reasoningservicesfor OWL Lite. Unfortunately
the designof “practical” algorithmsfor is still an openproblem—the
searchfor suchalgorithmsmustobviously be a high priority within the Semantid/Veb
researcltommunity

% Inferencein OWL Full is clearlyundecidablesOWL Full doesnotincluderestrictionsonthe
useof transitive propertiesvhich arerequiredin orderto maintaindecidability[11].



2 The OWL Web Ontology Language

As mentionedin Sectionl, OWL [4] is an ontologylanguagethat hasrecentlybeen
developedby the W3C Web OntologyWorking Group.OWL is de ned asanextension
to RDFin theform of avocahulary entailmen{9], i.e.,thesyntaxof OWL is thesyntax
of RDF andthe semantic®f OWL areanextensionof the semanticof RDFE

OWL hasmary featuresn commonwith descriptiorlogics, but alsohassomesig-
ni cant differencesThe rst differencebetweerOWL anddescriptionlogicsis thatthe
syntaxof OWL is the syntaxof RDF. OWL informationis thusencodedn RDF/XML
documentd1] andparsedinto RDF Graphs[14] composedf triples. BecauseRDF
Graphsare suchan impoverishedsyntax,mary descriptionlogic constructsn OWL
areencodednto severaltriples. BecauseRDF Graphsaregraphs however, it is possi-
bleto createcircularsyntacticstructuresn OWL, which arenot possiblein description
logics. Thiswould allow, e.g.,in nitely recursve syntacticstructuresthe semantic®of
whichwould notbewell de nedin adescriptionogic.

The seconddifferencebetweenOWL anddescriptionlogicsis that OWL contains
featuresthat do not t within the descriptionlogic framework. For example, OWL
classesreobjectsin the domainof discourseandcanbe madeinstance®f othercon-
cepts,jncludingthemseles.Thesetwo featuresalsopresenin RDF, make a semantic
treatmenbf OWL quitedifferentfrom the semantidreatmenof descriptionogics.

2.1 OWL DL and OWL Lite

Fortunatelyfor our purposethereareof cially-de ned subset®f OWL thataremuch
closerto descriptioriogics. Thelargerof thesesubsetsgalledOWL DL, restrictsOWL
in two ways. First, unusualsyntacticconstructs suchas descriptionswith syntactic
cyclesin them,arenotallowedin OWL DL. Second¢lassespropertiesandindividuals
(usuallycalledconceptsrolesandindividualsin descriptiorogics) mustbedisjointin
thesemanticgor OWL DL.

Becausef thesyntactiaestrictiondn OWL DL, it is possibleo developanabstract
syntaxfor OWL DL [16] thatlooks muchlike anabstrackyntaxfor a powerful frame
languageandis notvery differentfrom descriptionlogic syntaxes.This is very similar
to the approachtakenin the OIL languagg7]. The abstractsyntaxfor OWL DL has
classesand datarangeswhich are analoguesof conceptsand concretedatatypesn
descriptionogics,andaxiomsandfacts,which areanalogue®f axiomsin description
logics. Axioms andfactsaregroupednto ontologiesthe analoguenf descriptiorlogic
knowledgebaseswhich arethe highestlevel of OWL DL syntax.

The constructorsusedto form OWL DL descriptionsand datarangesare sum-
marisedn Figurel,where isaclassname, (possiblysubscripted)sadescription,
(possiblysubscripted)s anindividual name, is anobject(or abstractproperty
is a datatypeproperty* is a datatype, is adatarange, (possiblysubscripted)s
adatavalueand arenon-n@ative integers;elements enclosedn braces can
berepeatederoor moretimesandelementgenclosedn squarebraclets]areoptional.

Thedetailsof theseconstructorganbefoundin the OWL documentatiof4].

4 An objectpropertyis onethatassociatepairsof individuals;a datatypgpropertyassociatean
individual with a datavalue.



Classes

intersectionOf( ... )
unionOf( ... )
complementOf()
oneOf( ... )
restriction(
allvValuesFrom() some\aluesFrom()
value() [minCardinality( )]
[maxCardinality( )] [cardinality()])
restriction(
allValuesFrom() some\AluesFrom( )
value() [minCardinality( )]
[maxCardinality( )] [cardinality()])
Data Ranges

oneOf( ... )

Fig.1. OWL DL Constructors

Descriptionsanddatarangescanbe usedin OWL DL axiomsandfactsto provide
informationaboutclassespropertiesandindividuals.Figure2 providesa summaryof
theseaxiomsandfacts.The detailsof theseconstructorganalsobefoundin the OWL
documentatior4]. In particular Figure 2 ignoresannotationsanddeprecationyhich
allow uninterpretednformationto beassociateavith classesandpropertiesput which
arenotinterestingfrom alogical point of view.

Becausef thesemantiaestrictionan OWL DL, metaclasseandothernotionsthat
donot t into the descriptionlogic semantidramewnork canbeignored.In fact, OWL
DL hasa semanticghatis very muchin the descriptionlogic style,andthathasbeen
shavn to be equivalentto the RDF-stylesemanticgor all of OWL [16]. Again,we will
notpresentll of this semanticsinsteadconcentratingnits differencesrom theusual
descriptionogicssemantics.

Thereis a subsetof OWL DL, called OWL Lite, the motivation for which is in-
creasectasef implementationThisis achiezedby supportingewer constructorghan
OWL DL, andby limiting the useof someof theseconstructorsin particular OWL
Lite doesnotsupportheoneOf constuctoequivalentto descriptionogic nominalg,
asthis constructoiis known to increasaheoreticatompleity andto leadto dif culties
in the designof practicalalgorithms[10]. In Section5 we will examinethesediffer-
encesn moredetail, andexplore theirimpacton the reductionfrom OWL entailment
to descriptionogic satis ability.

2.2 Semanticsfor OWL DL

Thesemanticgor OWL DL is fairly standardy descriptionogic standardsThe OWL
semanticdomainis a setwhoseelementsanbe dividedinto abstraciobjects(the ab-
stractdomain),and datatypevalues(the datatypeor concretedomain,written ).



ClassAxioms

Class( partial ... )
Class( complete ... )
EnumeratedClass( ... )
DisjointClasses( ... )
EquialentClasses( ... )

SubClassOf( )
Property Axioms
DatatypeProperty( super( ) ...super( ) [Functional]
domain( )...domain( )range( )...domain( ))
ObjectProperty( super( ) ...super( ) [inverseOf( )]
[Functional][InverseFunctional][Symmetric][Transitve]
domain( )...domain( )range( )...domain( ))

EquialentProperties( ... )
SubPropertyOf( )
EquialentProperties( ... )

SubPropertyOf( )

Facts
Individual([ ] type( )...type( )
value( ) ...value( )
Samelndiidual( ... )
Differentindviduals( ... )

Fig. 2. OWL DL Axioms andFacts(simpli ed)

Datatypesn OWL arederivedfrom the built-in XML Schemalatatypeg3]. Datatype
valuesaredenotedby specialliteral constructsn the syntax,the detailsof which need
notconcerrushere.

An interpretationin this semanticds of cially a four-tuple consistingof the ab-
stractdomainandseparatenappingdor concepnamespropertynamesandindividual
names(in descriptionlogics, the mappingsare usually combinedto give a two-tuple,
but thetwo formsareobviously equivalent). OWL DL classesreinterpretecassubsets
of the abstractdomain,and for eachconstructorthe semanticof the resultingclass
is de ned in termsof its componentsFor example,giventwo classes and , the
interpretationof the intersectionof and is de ned to be the intersectionof the
interpretation®of and . Datatypesarehandledby meansof amapping thatin-
terpretsdatatypenamesassubset®f the concretedomainanddatanames(i.e., lexical
representationsf datavalues)aselementof the concretedomain.

OWL DL axiomsand factsresultin semanticconditionson interpretationsFor
example,anaxiomassertinghat isasubclas®f resultsin the semanticcondition
that the interpretationof =~ mustbe a subsetof the interpretationof , while a fact
assertinghat hastype resultsin the semanticconditionthatthe interpretatiorof
mustbeanelemenbf thesetthatis theinterpretatiorof . An OWL DL ontology is
satis ed by aninterpretation justwhenall of the semantiaconditionsresultingfrom
theaxiomsandfactsin  aresatis ed by



The mainsemantiaelationshipin OWL DL is entailment—aelationshipbetween
pairsof OWL ontologies An ontology  entailsanontology , written ,
exactlywhenall interpretationghatsatisfy  alsosatisfy . This semantiaelation-
shipis differentfrom the standarddescriptionlogic relationshipssuchasknowledge
baseandconceptsatis ability. The main goal of this paperis to shov how OWL DL
entailmenttanbetransformednto DL knowledgebase(un)satis ability.

3 and
The maindescriptionlogic thatwe will beusingin this paperis , Which
is similar to the well known descriptionlogic [10], but is extendedwith

inverseroles( ) andrestrictedto unquali ed numberrestrictions( ). Wewill assume
throughouthe paperthatdatatypesanddatavaluesareasin OWL.

Let A, , , and | be pairwise disjoint sets of conceptnames abstact
role names datatype(or conceete) role names and individual names The set of

-rolesis . In orderto avoid considering
rolessuchas wewill de ne s.t. and . Theset
of -conceptss the smallestsetthatcanbe built usingthe constructorsn
Figure3.

The axiom syntaxis alsogivenin Figure3. (Thelastaxiomin Fig-
ure3formsanextensionof , whichwecall , Whichisused
internallyin ourtranslation.)A knowled@ base isa nite setof axioms.We will use

+ to denotethetransitvere exive closureof onroles,i.e.,for two roles in
= in if , , , or thereexistssomerole
suchthat « in and +« in .Arole iscalledsimplein if for eachrole

sit. +« in and . To maintaindecidability a
knowledgebasemusthave no numberrestrictionson non-simpleroles[11].

The semanticsof is given by meansof an interpretation

consistingof a non-emptydomain , disjoint from the datatype(or con-
crete)domain  , anda mapping , which interpretsatomicandcomplex concepts,
roles,andnominalsaccordingo Figure3. (In Figure3, is setcardinality)

An interpretation satis esa -axiom underthe condi-
tions givenin Figure 3. An interpretationsatis esa knowledgebase iff it satis es
eachaxiomin ; issatis able (unsatis ablé iff thereexists (doesnot exist) suchan
interpretation A -concept is satis ablew.r.t. a knowledgebase iff
thereis aninterpretation with thatsatis es . A concept is subsumedby
aconcept w.rt. iff for eachinterpretation satisfying . Two concepts
aresaidto beequialentw.r.t. iff they subsumeachotherw.r.t. . A knowledgebase

entailsa knowledgebase iff everyinterpretationof  is alsoaninterpretation
of .

We de ne a notion of entailmentin in the sameway asit wasde-

ned for OWL DL. It is easyto shav that iff for every axiom in



Constructor Name | Syntax Semantics
atomicconceptA
datatype®
abstractole
datatyperole
individualsl
datavalues
inverserole
conjunction
disjunction
negation
oneOf
existsrestriction

and
valuerestriction

atleastrestriction
atmostrestriction (
datatypesxists
and
datatypevalue

datatypeatleast

datatypeatmost (

datatypeoneOf
Axiom Name Syntax Semantics
conceptinclusion
objectrole inclusion
objectrole transitiity
datatyperole inclusion
individualinclusion
individual equality
individualinequality
conceptxistence

Fig. 3. Syntaxandsemantic®f

Thedescriptiorlogic is just withouttheoneOfconstruc-
tor and with the atleastand atmostconstructordimited to 0 and 1. is
relatedto in the sameway.



OWL fragment Translation
Individual( ... )
type( )
value( )
value( )

Fig. 4. Translationfrom OWL factsto

4 From OWL DL Entailment to Unsatis ability

We will now shov how to translateOWL DL entailmentinto unsat-
is ability . The rst stepof our processis to translatean entailmentbetweenOWL
DL ontologiesinto an entailmentbetweenknowledgebasesn . Then

entailmenis transformednto unsatis ability of knowl-
edgebases(Notethatconceptexistenceaxiomsareeliminatedin thislaststep,leaving
a knowledgebase.)

41 FromOWL DL to

An OWL DL ontologyis translatednto a knowledgebaseby taking
eachaxiomandfactin the ontologyandtranslatingit into one or moreaxiomsin the
knowledgebase.For OWL DL axioms,this translationis very natural,andis almost
identicalto thetranslatiorof OIL describedy Deckeretal. [5]. For example the OWL
DL axiomClass( complete ... )istranslatednto thepairof ax-
ioms and , Where is the
obvious translationfrom OWL classedo descriptionlogic conceptsagainvery sim-
ilar to the transformationdescribedby Decler et al. [5]. Similarly, an OWL DL ax-

iom DisjointClasses( ) is translatednto the axioms
for .
The translationof OWL DL factsto axiomsis more complex.

This is becausdacts can be statedwith respectto anorymousindividuals, and can
includerelationshipgo other(possiblyanorymous)individuals.For examplethe fact
Individual(type( ) value( Individual(type( )))) stateghatthereexistsanindividual
thatis aninstanceof class andis relatedviatheproperty to anindividualthatis an
instanceof theclass , withoutnamingeitherof theindividuals.
The need to translate this kind of fact is the reason for introducing the
existenceaxiom. For example,the above fact can be translatedinto
the axiom , which statesthat thereexists someinstanceof the concept
, i.e., anindividual thatis aninstanceof  andis relatedvia therole to
aninstanceof theconcept . Figure4 describestranslation thattransformsOWL
factsinto a existenceaxioms,where isanOWL class, isanOWL
abstractpropertyor abstractrole, is an OWL datatypepropertyor
datatyperole, is anindividual name, is adatavalue,and is the
above mentionedranslationfrom OWL classedo concepts.



Axiom |Transformation

for thesetof datavaluesin
plusonefreshdatavaluefor eachdatatypen

Fig. 5. Translationfrom Entailmentto Unsatis ability

Theorem 1. Thetranslationfrom OWL DL to preserveequivalence
Thatis, an OWL DL axiomor factis satis ed by an interpretation if andonly if the
translationis satis edby .

The above translationincreaseshe size of anontologyto at mostthe squareof its
size.lt caneasily be performedin time linearin the size of the resultantknowledge
base.

4.2 From Entailment to Unsatis ability

Thenext stepof our processs to transform knowledgebaseentailment
to knowledgebaseunsatis ability. We do this to relateour new notion
of descriptioriogic entailmento thewell-known operationof descriptioriogic knowl-
edgebaseunsatis ability.

We recall from Section3 that iff for everyaxiom in . We
thereforede ne (in Figure5) a translation, , suchthat iff is
unsatis able,for a knowledgebaseand a axiom.In

this transformationwe have needof namesof varioussortsthat do not occurin the
knowledgebaseor axiom; following standardoracticewe will call thesefreshnames.
Throughouthetranslation, and arefreshindividual names.

Most of thetranslationsn  arequite standarcandsimple.For example,anobject
role inclusionaxiom is translatednto an axiom that requiresthe existenceof
anindividual thatis relatedto someotherindividual by but notby , thusviolating
theaxiom. The only unusuatranslationis for datatyperole inclusions . Because
datavalueshave a known “identity” (ratherlike individuals underthe uniqgue name
assumption)afreshvaluecannotbeusedo simulateanexistentiallyquanti ed variable
thatcould be interpretedasary elementin the datatypedomain(in the way the fresh
nominalis usedin the caseof anobjectrole inclusionaxiom).Insteadijt is necessaryo
shaw thattherelevantinclusionholdsfor every datavaluethatoccursin theknowledge
base plus onefreshdatavalue (i.e., onethat doesnot occurin the knowledgebase)

® Thestatemenbf thetheoremhereignoresthe minor differencesetweerOWL DL interpreta-
tionsand interpretationsA stricteraccountwould have to worry aboutthese
stylistic differences.



for eachdatatypein . Becausdhereareno operationson datavalues,it sufces to
consideronly thesefreshdatavaluesin additionto thosethatoccurin the knowledge
base.

Thetranslation increaseshesizeof anaxiomto at mostthelargerof its sizeand
the size of the knowledgebase.lt caneasilybe performedin time linearin thelarger
of thesizeof theaxiomandthe sizeof theknowledgebase(If datatypeoleinclusions
arenotusedthen increaseshesizeof anaxiomby atmostaconstanamount.)

Thetranslation eliminatesconceptexistenceaxiomsfrom theknowledgebase
ontheright-handsideof the entailmentOur laststepis to eliminateconceptexistance
axiomsfrom theknowledgebase ontheleft-handsideof the entailmentWe do this
by applyingatranslation thatreplacesachaxiom of the form with an
axiom , for afreshindividualname.lt is obviousthatthis translationpreseres
satis ability, canbe easilyperformedandonly increaseshe sizeof a knowledgebase
by alinearamount.

Theorem2. Let and be knowledg basesThen iff the
knowledgbase is unsatis ablefor everyaxiom in

4.3 Consequences

The overall translationfrom OWL DL entailmentto canbe performed
in polynomialtime andresultsin a polynomialnumberof knowledgebasesatis ability
problemseachof which is polynomialin the size of the initial OWL DL entailment.
Thereforewe have shavn thatOWL DL entailments in the samecompleity classas
knowledgebasesatis ability in .

Unfortunately is a dif cult descriptionlogic. Most problemsin

, including knowledge basesatis ability, arein NEXPTIME [17]. Fur

ther, thereareasyet no known optimizedinferencealgorithmsor implementedsystems
for . Thesituationis not, however, completelybleak.Thereis aninexact
translationfrom to thatturnsnominalsinto atomicconcept
namesThis translationcould be usedto producea partial, but still very capableyea-
sonerfor OWL DL. Moreover, asis shown in the next section,the situationfor OWL
Lite is signi cantly different.

5 Transforming OWL Lite

OWL Lite is thesubsebf OWL DL that

1. eliminatesthe intersectionOf , unionOf , complementOf , and oneOf
constructors;

2. removesthevalue constructfrom therestriction constructors;

3. limits cardinalitiesto 0 and1;

4. eliminategtheenumeratedClass  axiom;and

5. requiresthat description-formingconstructorsnot occur in other description-

forming constructors.



OWL fragment Translation

Individual( ... )
for afreshindividual name
type( )
value( ) ,
for afreshindividualname
value( )

Fig. 6. Translationfrom OWL Lite factsto

Axiom |Transformation

for afreshconcepnam

Fig. 7. ExtendedTransformatiorfrom Entailmentto Unsatis ability

Thereasorfor de ning the OWL Lite subsef OWL DL wasto have aneasiertarget
for implementationThis wasthoughtto be mostly easierparsingand other syntactic
manipulations.

As OWL Lite doesnot have the analogueof nominalsit is possiblethatinference
is easiefin OWL Lite thanin OWL DL. However, thetransformatiorabove from OWL
DL entailmentinto unsatis ability usesnominalseven for OWL Lite
constructslt is thusworthwhile to devise an alternatve translationthat avoids nomi-
nals.

Therearethreeplaceshatnominalsshav up in our transformation:

1. translationsnto of OWL DL constructghatarenotin OWL Lite,
in particularthe oneOf constructor;

2. translationsnto axiomsof OWL DL Individual facts;and

3. thetransformatiorto unsatis ability of entailments

whoseconsequentarerole inclusionaxiomsor role transitiity axioms.

The rst of thesepf coursejs nota concernwhenconsideringOWL Lite.

The second place where nominals shov up is in the translation of OWL

Individual factsinto axioms(Figure4). In orderto avoid introduc-
ing nominalswe canusethealternatve transformation givenin Figure6. Notethat,
in this casethetranslation doesnotintroduceary nominalsaswe aretranslating

OWL Lite classes.

Thenew transformatiordoes however, introduceaxiomsof theform ,

and thatwe will needto dealwith whentransformingfrom entailment
to satis ability. We cando this by extendingthe transformation givenin Figure5
asshown in Figure 7. The extensiondealswith axiomsof the form using
a simple transformationdescribedin more detail by Horrockset al. [12], and with



axiomsof the form using a datatypederived from the negation of a data
value(written ™).

Thethird and nal placewherenominalsshav upis in thetransformatiorof entail-
mentswhoseconsequentareobjectrole inclusionaxiomsor role transitvity axioms.

Objectrole inclusion axioms can be dealtwith using a transformationsimilar to
thosegivenin Figure7 (anddescribedn moredetailin [12]), which doesnotintroduce
ary nominals.Thisis shavn in thefollowing lemma:

Lemmal. Let bean OWL Lite ontology andlet A be an OWL Lite role inclusion
axiomstatingthat is asuboleof . Then iff
is unsatis ablefor afreshindividualnameand afreshconcepname

Transitvity axiomscan be dealtwith by exploiting the more limited expressie
powerof OWL Lite, in particularits inability to describeclassesgatatype®r properties
whoseinterpretationamust be non-emptybut nite (e.g.,classeslescribedusingthe
oneOf constructor)As aresultof this morelimited expressve power, theonly way to
deducehetransitvity of aproperty isto shav thattheinterpretatiorof cannotform
ary chains(i.e., consistnly of isolatedtuples,or is empty).This obsenationleadsto
thefollowing lemma:

Lemma 2. LetK bean OWL Lite ontolagy and let A bean OWL Lite role transitivity
axiomstatingthat istransitive Then iff isunsatis able
for afreshindividualname(i.e.,, formsnochains).

Theabovelemmastakentogethershav thatOWL Lite entailmentcanbetransformed
into knowledgebaseunsatis ability in , plus somesimple (and easy)tests
onthesyntacticform of aknowledgebase A simpleexaminationshownsthatthetrans-
formationscanbe computedn polynomialtime andresultin only alinearincreasen
size.

As knowledgebasesatis ability in isin EXPTIME [17] this meanghat
entailmenin OWL Lite canbecomputedn exponentiatime. Furthey OWL Lite entail-
mentcanbecomputedy the RACERdescriptiorogic systen|8], aheavily-optimised
descriptionlogic reasonerresultingin aneffective reasonefor OWL Lite entailment.

6 Conclusion

Reasoningwith ontology languageaill be importantin the SemanticWeb if appli-
cationsareto exploit the semanticof ontology basedmetadataannotations\We have
shavn that ontology entailmentin the OWL DL and OWL Lite ontology languages
canbereducedo knowledgebasesatis ability in, respectiely, the and

descriptionlogics. This is so even thoughsomeconstructsin theselan-
guagego beyondthe standardlescriptionogic constructs.

Fromthesemappingswe have determinedhatthe compleity of ontologyentail-
mentin OWL DL andOWL Liteisin NEXPTIME andEXPTIME respectiely (thesame
asfor knowledgebasesatis ability in and respectiely). The
mappingof OWL Lite to alsomeanghatalready-knevn practicalreasoning



algorithmsfor canbeusedto determineontologyentailmentn OWL Lite;
in particular the highly optimisedRACER system8], which candetermineknowledge

basesatishctionin , canbe usedto provide ef cient reasoningservicesor
OWL Lite.
Themappingfrom OWL DL to canalsobeusedto provide complete

reasoningservicedor alarge partof OWL DL, or partialreasoningservicedor all of
OWL DL. In spiteof its known decidability however, thedesignof “practical” decision
proceduregor is still anopenproblem.The searchfor suchalgorithms
mustobviously bea high priority within the SemantidVebresearclcommunity
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