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1 Introduction

As is well recognisedwithin the SemanticWeb community ontologieswill play a crucial
partin the delivery of the SemanticWeb, facilitating the sharingof information between
communitiespothof peopleandsoftwareagents.

In orderto supportthis useof ontologiesanumberof representationdbrmatshave beenpro-
posed,ncluding RDF SchemaRDF(S))[RDF], the OntologyInterchangd_anguaggOIL)
[OIL] andthe DarpaAgent Markup Languageg(DAML) [DAM]. Theselasttwo have been
broughttogetherto form DAML+OIL, alanguagenow beingproposedasa W3C standard
for ontologicalandmetadataepresentation.

DAML+OIL draws heavily ontheoriginal OIL specificationput hassomekey differences.
In this paper we highlight someof thosedifferencesin particularthe contrastin modelling

primitivesavailablein OIL and DAML+OIL, anddiscussthe impactthatthis may have on

theuseof DAML+OIL asaformatfor exchangemodellinganddelivery of ontologies.

The original purposeof OIL wasto enablethe sharing— the exchange- of ontologies.This
sharingandexchangecanbe seento have (atleast)two dimensions:

e the unequvocal sharingof semanticsso that whenthe ontology is deployed it canbe
interpretedn aconsistentmanner;

¢ ensuringthatwhentheontologyis viewedby anagent(in particularherea person)ther
thanthe author theintentionof the authoris clear



Thelatteris essentiafor casesvherea) theontologywill bereusedy anotherontologist;or
b) the ontologywill beexposedhroughsomekind of browser, editoror queryinterface.

Thesdssuedave beerraisedn [Euz00],which considerghreelevelsof understandingvhen
consideringexchangdanguagessyntactic, semantic andsemiotic. Thefirst two levelsare
requiredin orderto supportour first requirementandarenot underdebaten this particular
context aslanguagesuchas DAML+OIL andOIL provide a well definedsyntaxand se-
manticsfor the constructionsn the languageThethird level is of moreinterest,asit is this
semioticlevel thatimpactson the clarity of an ontologywhen presentedo someoneother
thantheauthor

The motivation behindOIL’s adoptionof frames modelingconstructsvasto facilitate the
faithful captureof the epistemologyof the modellingprocessOtherinformationsuchasar-
gumentatiorcanbe seemasanimportantpartof the acquisitionanddevelopmentof reusable
or shareabl®ntologiesUG96]. We shouldalsobearin mind Grubers principlesfor ontol-
ogy design[Gru93 whichincludethe desirefor propertiessuchasclarity, extendabilityand
aminimalencodingbias

The drift of DAML+OIL away from constructshat are epistemologicallysupportve only
senesthe deploymenpurposeandfails somavhatin supportingauthoring.In this paperwe
arguewhy thisis relevant,andshov how this drift damageshe easeof constructiorof tools
suchasOilEd (seeSection4).

2 OIL

It is of useatthis pointto revisit the motivationfor OIL andlook atthefactorswhich hadan
influenceon the languageThe OntologyInferencelLayer (OIL) is alanguagelevelopedby
the OIL consortium It hasbeendiscussedn a numberof paperdFHvH*00, BKD*00] and
we do notintendto presentt in detail here.In our discussiorof OIL here,pleasenotethat
we referto thelanguageasdefinedby [OILOO]. For goodreasonsQIL draws onthreeroots
asdepictedn Figurel:

e Frame-base&epresentations;
e DescriptionLogics;

¢ Webbasedanguages;

2.1 Frame-basedRepesentations

Frame-basedndobject-oriente@pproacheto modellingemplogy modellingprimitivesbased
onclassegor frames)with certainpropertieknown asattributes.Theseattributeshave local,
ratherthanglobal,scope andareapplicableto theclasseshey aredefinedfor. OIL embraces
this approachandallows the definition of a classin termsof a collectionof superclasseand
a collectionof attribute or slotconstraints.
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Figurel: TheRootsof OIL

Framesthus supplywhatis arguably a “natural” style and “friendly” faceto the modeller
Frame-basedepresentationsan suffer, however, from a lack of a well-definedsemantics.
for exampleit is sometimesot clearwhethera slot constraintrepresents universalquan-
tification — all fillers musttake a particularvalue— or an existential quantification— there
is afiller with a particularvalue. This makesreasoningor computationover a frame-based
representatiotroublesome.

OIL itself wasinfluencedby XOL, anearly proposedntologystandardrom the BioOntol-
ogy CoreGroup' basedon OKBC-Lite. Framebasedepresentationsave successfulljpeen
usedwithin the Bioinformatics community for sometime [SGBO0O], for example EcoCyc
[Eco] andRiboWeb[Rib].

2.2 DescriptionLogics

DescriptionLogics (DLs) describeknowledgein termsof conceptsandrole restrictionsthat
canthenbe usedto automaticallyderive classificatiorhierarchiesDLs allow the definition
of classesn termsof descriptionghat specifythe propertiessatisfiedby objectsbelonging
to theconceptDLs will, in generalsupplyarangeof conceptforming operatorgdhatcanbe
usedin thesedescriptionsincluding conjunction disjunction,negation,andvariousforms of
role quantification A key aspecbf DLs s theirformal semanticendreasoningupportDLs
definefragmentsof first-orderlogic which in generalhave high expressve power but which
still allow for decidableandefficientinferenceprocedures.

Descriptionlogics are hardto interactwith directly, however. In the past,DLs have been
deliveredaslarge, monolithicsystemsequiringusersto modelin theunderlyingsyntax.

OIL drawsfrom DL languagesindprovidesarangeof expressve concepformingoperators.

http://sm - web. st anford. edu/ proj ect s/ bi o- ont ol oogy
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In addition,OIL inheritsaformal semantic&ndreasoningroceduresrom the DL world but
without compromisingusability OIL addsextra mechanismsuchasrecursve classdefini-
tions and more generalaxiomsto the basicframe-baseanodelling primitives, producinga
powerful hybrid. This relationshipwith DL languages$s madeexplicit throughthe provision
of amappingfrom OIL to the DescripionLogic SHZ Q. Of coursepnecouldarguethatvia
this mappingfrom OIL to SHZQ, OIL itselfis simply analternatve syntaxfor a DL. This
is truein somerespectsbhut the thesisof this papers thatthe alternatve presentatiorof OIL
is importantandoffers a differentmodellingexperienceto the userthanthat obtainedwhen
usingtheunderlyingraw logic.

2.3 Webbasedanguages

In additionto the definition of modelling primitivesandtheir semanticsanontologyrepre-
sentationand exchangelanguagerequiresa delivery format and concretesyntax.Schemas
have beendefinedfor OIL in termsof both XML-Schemaand RDF schemaallowing OIL
to sit happily alongsideexisting standardsin particular as OIL extendsRDF Schemaan
RDFS-avareapplicationmay be ableto readOIL ontologiesandextractbasicclasshierar
chieswithout necessarilypeingOlL-aware.

Figure 2 shavs an informal example of a frame. This describesa UK animal lover as a
personwith atleast3 petswho livesin the UK. Note thatwithin sucha descriptionit is not
alwaysclearwhethertheintendednterpretatiorof aslotfillers is asa universalor existential
quantification.

3 DAML+OIL

DAML+OIL is a more recentproposalfor an ontology representationanguagethat has
emepgedfrom work underDARPA’s AgentMarkup LanguaggDAML) initiative alongwith
input from leadingmembersf the OIL consortiumDAML+OIL draws heavily ontheorig-
inal OIL languagehut differsin a numberof ways.In particular DAML+OIL hasmoved
away from the original frame-like idealsof OIL andis, in a muchstrongersensehanOIL,
analternatve syntaxfor a DescriptionLogic.

Assertionan a DAML+OIL ontology (suchasthe superclassesr slot constraintsapplying
to a class)arecouchedn termsof generalaxioms.Theideaof a “frame”, a singleplacein
which factsabouta classaregathereds lost, or is atleastnotinherentin thelanguage.
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Figure3: OilEd

4 The OilEd Experience

OilEd is asimpleontologyeditor. It wasdevelopedinitially asademonstratiomf the possi-
bilites andbenefitsof usingasreasoneto classifyontologiesbut hasenjoyed somesuccess
asanontologyeditorin its own right. A major factorin this successvasthe adoptionof a
“frame-based’paradigm,closelytied to the underlying OIL languagedescription.As dis-
cussedn [SHGBO1],the useof OIL andits frame-like approachproved vital in supporting
biologistsinvolvedin amodellingexercise.

Although framescan have their associategroblems(for example the problemsof inter-

pretationasintroducedearlier), OIL’s well definedsemanticshashelpedto alleviate these,
allowing the useof DL-basedsemanticsaand a reasonerOilEd cancommunicatewith the
FaCT reasoneusingits CORBA interface[BHPST99. This allows OilEd to classifyand
organiseconcephierarchiesspotinconsistenciegndmeanghatthemodellercanconstruct
themodelthroughthe useof descriptiongatherthanexplicitly building hierarchies.

Figure 3 shavs an exampleclassdescriptionpanelfrom OIlEd. It shavs the descriptionof
aclassin termsof its explicit superclasseslongwith a collectionof slot constraintsTools
suchas Protege 2000[GEF+99] (from which OilEd dravs muchinfluence)and OntoEdit
[SMOQ] alsousetheframe-basegaradigmNotethatin contrasto Figure2, thedrives slot
hereis explicitly typedashas-walue the OIL primitive for anexistentialquantification.

2Sometimeslescribedasthe “NotePad” of ontologyeditors.
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Figure4: Definition of White VanMan

Theoriginal implementatiorof OilEd predateshe definitionof DAML+OIL, andtheinter-

nalrepresentationssedfor ontologiedollow very closelythosein theoriginal OIL language.
OilEd cannow readandwrite DAML+OIL (usingthe RDFSformat),but duringthedevelop-
mentof thetool, anumberof issuesameup,in particularamismatchoetweertheunderlying
modelsof OIL andDAML+OIL.

5 DAML+OIL vs. OIL

As introducedabove, assertiongn DAML+OIL arecouchedn termsof axioms.This hasthe
effectthatall description®f conceptsarecollapsednto acollectionof axioms,possiblylos-
ing informationabouttheway in which the modelwasconstructedReturningto our original
motivations,if we aresimply consideringhe delivery of ontologiesto applicationghatthen
needto usethatinformationfor reasoningor queriesthisis unlikely to beanissue.

However, if we considerthe actvity of modellingandexchangeof ontologiesbetween for
example,ontologiststhis is of importance OIL allows the modellerto statethingsin more
thanoneway. For example we candefineWhite-van-man? asamanwhodrivesawhite van.
In addition,we canaddanaxiomthatstateghatWhite-van-man is anaggressie driver. The
correspondin@IL (in termsof OIL’ s textual representatiorappearsn Figure4.

Alternatiely, we couldsimplyintroducethe classwhite-van-man, andthenmake anumber
of assertiongthroughequivalenceandcoveringaxioms)abouttheclassasshavnin Figure5.

Thesemantic®f bothof thesesetsof definitions(in termsof their mappingto theunderlying
DL) areidentical.However, we canarguethatthe alternatve organisationof thefactscarries
someextrainformationaboutthe way thatthe ontologisthaschoserto producethe model.

Thisis not,in itself, aproblem.Whenmodellerschooseo usetoolssuchasOilEd or Protege

to constructontologies however, it becomesnoreimportant.In orderto readin anontology
from a DAML+OIL description,we needto be ableto reconstrucframe-styledescriptions
of conceptsThis is not alwayspossibleto do in a consistentmannerIn our example,when

facedwith the alternatve presentationwe cannottell thatthe original intentionwasthatthe

first axiomshouldbetakenasthe definition,while the seconds some“extra” information.

3ThetermWhite Van Man wasfirst coinedin 1997,andhascometo represena particularclassof driverin
the UK. For moreinformation,seeht t p: / / www. si rc. org/ publ i k/ white_van_nman. htm .
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Figure5: Alternative definition of White VanMan throughaxioms

<rdfs: C ass rdf: | D="Wite-van-man">
<rdfs: subd assOf >
<rdfs: C ass rdf:about ="Aggressive-driver"/>
</rdfs:subd assOf >
</rdfs: Cl ass>

<rdf s: C ass rdf:about =" Wit e-van-man" >
<dam : sanmeCl assAs>
<rdfs: Cl ass>
<dam :intersecti onCf >
<rdfs: C ass rdf:about="nman"/>
<dam : Restriction>
<dam : onProperty rdf:resource="drives"/>
<dam : hasC ass rdf:resource="Wite-van"/>
</ dam : Restriction>
</dam :intersecti onO >
</rdfs:d ass>
</ dam : saneC assAs>
</rdfs: Cl ass>

Figure6: DAML+OIL descriptionof White VanMan



Both of thesedescriptionsvould mapto the samesetof DAML+OIL axiomsasshowvn in
a DAML+OIL form in Figure6, andan editor (or ontologist)would be unableto determine
which wasthe original construction.The issuehereis concernedwith the levels of under
standingasdiscussedn [Euz00]. Thereis no debateover the lexical or semantidevels of
understandingsthesearewell cateredfor in the languageHere,asdiscussedn Sectionl
we areconcernedvith the semiotic level which is particularlyimportantwhendealingwith
exchangeof modelsbetweerpeopleandthefaithful reproductiorof theserepresentations.

This hasramificationsnot just for the processof exchange but impactson tool developers
wishing to use DAML+OIL as a representationaiormat. The prevalenceof frame-based
ontologyeditorsandtheir popularityamonguserssuggestshatthe frame-basegaradigmis
appropriatdor suchtools.DescriptionLogic languagesertainlyhave aplacein thetoolkit of
theconceptuaimodellerbut they have notgainedmuchpopularityasraw toolsfor conceptual
modellingin the past.Thisis unlikely to change.

If thedeveloperof tool X wishesto presereinformationabouttheway in whichthemodelis
constructedtheninformation(representingor examplewhetherclassdefinitionsor axioms
wereused)will needto be keptin additionto the DAML+OIL encodingof the ontology If
ontologiesarethensharedetweerusersof tool X, this extrainformationmustbesharedoo.
Theextensiblenatureof RDF makesthisfeasible(if we useanRDF Schemaasedexchange
format),and DAML+OIL ontologieswith this extra information could thenbe used.If the
usersof tool Y alsowish to usethis information,though,the developersof tool Y will also
needo beawareof X’s(non-standardgxtensiongo theDAML+OIL format.In effect,weare
introducinga new standardhat extendsthe original. Caremustbe takenif theseextensions
areto be maintainedconsistently- this canplacebarrierson the easewith which exchange
canbesupporteetweerandwithin communities.

6 Conclusions

It mustbe stressedhatthis paperis notintendedasa generakriticism of DAML+OIL. Lan-
guagedike OIL andDAML+OIL arecrucialto the succes®f the SemantidVeb — without
well-definedsemanticandinferenceproceduresagentswill notbeableto consistentlypro-
cesanformation.As adelivery platformfor ontologiesDAML+OIL is quitesatisactoryand
indeed,in the opinionsof the authors,is a greatimprovementover alternatve representa-
tions suchassimple RDF Schemaor Topic Maps.However, asan exchangeand modelling
format, DAML+OIL is lackingin the areasoutlinedabove. To quotefrom [Euz00], “good
undestandingcannotbe ensued by meaningpreservation’.

The authorswould bethefirst to admitthatthis is neithera radicaldiscorery nor a shocking
conclusion.We must,however, be carefulthatin adoptingDAML+OIL we do not losethe
featuresthat madeOIL suchan attractve propositionasa languagenot only for Ontology
representatioanddelivery, but alsofor sharingandexchange.
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