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1 Introduction

As is well recognisedwithin the SemanticWeb community, ontologieswill play a crucial
part in the delivery of the SemanticWeb, facilitating the sharingof information between
communities,bothof peopleandsoftwareagents.

In orderto supportthisuseof ontologies,anumberof representationalformatshavebeenpro-
posed,includingRDF Schema(RDF(S))[RDF], theOntologyInterchangeLanguage(OIL)
[OIL] andthe DarpaAgent Markup Language(DAML) [DAM]. Theselast two have been
broughttogetherto form DAML+OIL, a languagenow beingproposedasa W3C standard
for ontologicalandmetadatarepresentation.

DAML+OIL draws heavily on theoriginal OIL specification,but hassomekey differences.
In this paper, we highlight someof thosedifferences,in particularthecontrastin modelling
primitivesavailablein OIL andDAML+OIL, anddiscussthe impactthat this may have on
theuseof DAML+OIL asa formatfor exchange,modellinganddeliveryof ontologies.

Theoriginal purposeof OIL wasto enablethesharing– theexchange– of ontologies.This
sharingandexchangecanbeseento have (at least)two dimensions:

� the unequivocal sharingof semanticsso that when the ontology is deployed it can be
interpretedin aconsistentmanner;

� ensuringthatwhentheontologyis viewedby anagent(in particularherea person)other
thantheauthor, theintentionof theauthoris clear.



Thelatteris essentialfor caseswherea) theontologywill bereusedby anotherontologist;or
b) theontologywill beexposedthroughsomekind of browser, editoror queryinterface.

Theseissueshavebeenraisedin [Euz00],whichconsidersthreelevelsof understandingwhen
consideringexchangelanguages:syntactic, semantic andsemiotic. Thefirst two levelsare
requiredin orderto supportour first requirement,andarenot underdebatein this particular
context as languagessuchasDAML+OIL andOIL provide a well definedsyntaxandse-
manticsfor theconstructionsin thelanguage.Thethird level is of moreinterest,asit is this
semioticlevel that impactson the clarity of an ontologywhenpresentedto someoneother
thantheauthor.

The motivation behindOIL’s adoptionof frame’s modelingconstructswasto facilitatethe
faithful captureof theepistemologyof themodellingprocess.Otherinformationsuchasar-
gumentationcanbeseenasanimportantpartof theacquisitionanddevelopmentof reusable
or shareableontologies[UG96]. We shouldalsobearin mind Gruber’s principlesfor ontol-
ogy design[Gru93] which includethedesirefor propertiessuchasclarity, extendabilityand
aminimalencodingbias.

The drift of DAML+OIL away from constructsthat areepistemologicallysupportive only
servesthedeploymentpurposeandfails somewhat in supportingauthoring.In this paperwe
arguewhy this is relevant,andshow how this drift damagestheeaseof constructionof tools
suchasOilEd (seeSection4).

2 OIL

It is of useat this point to revisit themotivationfor OIL andlook at thefactorswhichhadan
influenceon the language.TheOntologyInferenceLayer(OIL) is a languagedevelopedby
theOIL consortium.It hasbeendiscussedin a numberof papers[FHvH

�
00,BKD

�
00] and

we do not intendto presentit in detail here.In our discussionof OIL here,pleasenotethat
we referto thelanguageasdefinedby [OIL00]. For goodreasons,OIL draws on threeroots
asdepictedin Figure1:

� Frame-basedRepresentations;

� DescriptionLogics;

� Webbasedlanguages;

2.1 Frame-basedRepresentations

Frame-basedandobject-orientedapproachestomodellingemploy modellingprimitivesbased
onclasses(or frames)with certainpropertiesknown asattributes.Theseattributeshavelocal,
ratherthanglobal,scope,andareapplicableto theclassesthey aredefinedfor. OIL embraces
this approachandallows thedefinitionof a classin termsof a collectionof superclassesand
acollectionof attributeor slot constraints.



Figure1: TheRootsof OIL

Framesthussupplywhat is arguablya “natural” style and“friendly” faceto the modeller.
Frame-basedrepresentationscansuffer, however, from a lack of a well-definedsemantics.
for exampleit is sometimesnot clearwhethera slot constraintrepresentsa universalquan-
tification – all fillers must take a particularvalue– or an existentialquantification– there
is a filler with a particularvalue.This makesreasoningor computationover a frame-based
representationtroublesome.

OIL itself wasinfluencedby XOL, anearlyproposedontologystandardfrom theBioOntol-
ogy CoreGroup1 basedon OKBC-Lite. Framebasedrepresentationshave successfullybeen
usedwithin the Bioinformaticscommunityfor sometime [SGB00], for exampleEcoCyc
[Eco] andRiboWeb[Rib].

2.2 DescriptionLogics

DescriptionLogics(DLs) describeknowledgein termsof conceptsandrole restrictionsthat
canthenbeusedto automaticallyderive classificationhierarchies.DLs allow thedefinition
of classesin termsof descriptionsthat specifythepropertiessatisfiedby objectsbelonging
to theconcept.DLs will, in general,supplya rangeof conceptforming operatorsthatcanbe
usedin thesedescriptions,includingconjunction,disjunction,negation,andvariousformsof
rolequantification.A key aspectof DLs is their formalsemanticsandreasoningsupport.DLs
definefragmentsof first-orderlogic which in generalhave high expressive power but which
still allow for decidableandefficient inferenceprocedures.

Descriptionlogics are hard to interactwith directly, however. In the past,DLs have been
deliveredaslarge,monolithicsystemsrequiringusersto modelin theunderlyingsyntax.

OIL drawsfrom DL languagesandprovidesarangeof expressiveconceptformingoperators.

1http://smi-web.stanford.edu/projects/bio-ontoloogy
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lives-in UK

Figure2: ExampleFrame

In addition,OIL inheritsaformalsemanticsandreasoningproceduresfrom theDL world but
without compromisingusability. OIL addsextra mechanismssuchasrecursive classdefini-
tions andmoregeneralaxiomsto the basicframe-basedmodellingprimitives,producinga
powerful hybrid. This relationshipwith DL languagesis madeexplicit throughtheprovision
of amappingfrom OIL to theDescripionLogic

�����	�
. Of course,onecouldarguethatvia

this mappingfrom OIL to
�
���	�

, OIL itself is simply analternative syntaxfor a DL. This
is truein somerespects,but thethesisof thispaperis thatthealternativepresentationof OIL
is importantandoffersa differentmodellingexperienceto theuserthanthatobtainedwhen
usingtheunderlyingraw logic.

2.3 Webbasedlanguages

In additionto thedefinitionof modellingprimitivesandtheir semantics,anontologyrepre-
sentationandexchangelanguagerequiresa delivery format andconcretesyntax.Schemas
have beendefinedfor OIL in termsof both XML-SchemaandRDF schema,allowing OIL
to sit happily alongsideexisting standards.In particular, asOIL extendsRDF Schema,an
RDFS-awareapplicationmaybeableto readOIL ontologiesandextractbasicclasshierar-
chieswithoutnecessarilybeingOIL-aware.

Figure 2 shows an informal exampleof a frame. This describesa UK animal lover as a
personwith at least3 petswho livesin theUK. Notethatwithin sucha descriptionit is not
alwaysclearwhethertheintendedinterpretationof aslotfillers is asauniversalor existential
quantification.

3 DAML+OIL

DAML+OIL is a more recentproposalfor an ontology representationlanguagethat has
emergedfrom work underDARPA’s AgentMarkupLanguage(DAML) initiative alongwith
input from leadingmembersof theOIL consortium.DAML+OIL draws heavily on theorig-
inal OIL language,but differs in a numberof ways.In particular, DAML+OIL hasmoved
away from theoriginal frame-like idealsof OIL andis, in a muchstrongersensethanOIL,
analternativesyntaxfor aDescriptionLogic.

Assertionsin a DAML+OIL ontology(suchasthesuperclassesor slot constraintsapplying
to a class)arecouchedin termsof generalaxioms.The ideaof a “frame”, a singleplacein
which factsaboutaclassaregatheredis lost,or is at leastnot inherentin thelanguage.



Figure3: OilEd

4 The OilEd Experience

OilEd is asimpleontologyeditor2. It wasdevelopedinitially asademonstrationof thepossi-
bilites andbenefitsof usingasreasonerto classifyontologies,but hasenjoyedsomesuccess
asan ontologyeditor in its own right. A major factorin this successwasthe adoptionof a
“frame-based”paradigm,closely tied to the underlyingOIL languagedescription.As dis-
cussedin [SHGB01], theuseof OIL andits frame-like approachprovedvital in supporting
biologistsinvolvedin amodellingexercise.

Although framescan have their associatedproblems(for example the problemsof inter-
pretationasintroducedearlier),OIL’s well definedsemanticshashelpedto alleviate these,
allowing the useof DL-basedsemanticsanda reasoner. OilEd cancommunicatewith the
FaCT reasonerusing its CORBA interface[BHPST99]. This allows OilEd to classifyand
organiseconcepthierarchies,spotinconsistencies,andmeansthatthemodellercanconstruct
themodelthroughtheuseof descriptionsratherthanexplicitly building hierarchies.

Figure3 shows an exampleclassdescriptionpanelfrom OilEd. It shows the descriptionof
a classin termsof its explicit superclasses,alongwith a collectionof slot constraints.Tools
suchasProtege 2000[GEF

�
99] (from which OilEd draws much influence)andOntoEdit

[SM00] alsousetheframe-basedparadigm.Notethatin contrastto Figure2, thedrives slot
hereis explicitly typedashas-value, theOIL primitive for anexistentialquantification.

2Sometimesdescribedasthe“NotePad” of ontologyeditors.



class-defdefinedWhite-van-man
subclass-ofMan
slot-constraintdrives

has-valueWhite-van

coveredWhite-van-man by Aggressive-driver

Figure4: Definitionof WhiteVanMan

Theoriginal implementationof OilEd predatesthedefinitionof DAML+OIL, andtheinter-
nalrepresentationsusedfor ontologiesfollow verycloselythosein theoriginalOIL language.
OilEd cannow readandwrite DAML+OIL (usingtheRDFSformat),but duringthedevelop-
mentof thetool,anumberof issuescameup,in particularamismatchbetweentheunderlying
modelsof OIL andDAML+OIL.

5 DAML+OIL vs. OIL

As introducedabove,assertionsin DAML+OIL arecouchedin termsof axioms.Thishasthe
effect thatall descriptionsof conceptsarecollapsedinto acollectionof axioms,possiblylos-
ing informationabouttheway in which themodelwasconstructed.Returningto ouroriginal
motivations,if we aresimply consideringthedelivery of ontologiesto applicationsthatthen
needto usethatinformationfor reasoningor queries,this is unlikely to beanissue.

However, if we considertheactivity of modellingandexchangeof ontologiesbetween,for
example,ontologists,this is of importance.OIL allows themodellerto statethingsin more
thanoneway. For example,wecandefineWhite-van-man3 asamanwhodrivesawhitevan.
In addition,wecanaddanaxiomthatstatesthatWhite-van-man is anaggressivedriver. The
correspondingOIL (in termsof OIL’s textual representation)appearsin Figure4.

Alternatively, wecouldsimply introducetheclassWhite-van-man, andthenmakeanumber
of assertions(throughequivalenceandcoveringaxioms)abouttheclass,asshown in Figure5.

Thesemanticsof bothof thesesetsof definitions(in termsof theirmappingto theunderlying
DL) areidentical.However, wecanarguethatthealternativeorganisationof thefactscarries
someextra informationabouttheway thattheontologisthaschosento producethemodel.

This is not,in itself, aproblem.Whenmodellerschooseto usetoolssuchasOilEd or Protege
to constructontologies,however, it becomesmoreimportant.In orderto readin anontology
from a DAML+OIL description,we needto be ableto reconstructframe-styledescriptions
of concepts.This is not alwayspossibleto do in a consistentmanner. In our example,when
facedwith thealternative presentation,we cannottell that theoriginal intentionwasthatthe
first axiomshouldbetakenasthedefinition,while thesecondis some“extra” information.

3ThetermWhiteVanManwasfirst coinedin 1997,andhascometo representaparticularclassof driver in
theUK. For moreinformation,seehttp://www.sirc.org/publik/white_van_man.html.



class-defprimitive White-van-man

equivalent
White-van-man

(man and
(slot-constraintdrives

has-valueWhite-van))

coveredWhite-van-man by Aggressive-driver

Figure5: Alternativedefinitionof WhiteVanMan throughaxioms

<rdfs:Class rdf:ID="White-van-man">
<rdfs:subClassOf>
<rdfs:Class rdf:about="Aggressive-driver"/>

</rdfs:subClassOf>
</rdfs:Class>

<rdfs:Class rdf:about="White-van-man">
<daml:sameClassAs>
<rdfs:Class>
<daml:intersectionOf>
<rdfs:Class rdf:about="man"/>
<daml:Restriction>
<daml:onProperty rdf:resource="drives"/>
<daml:hasClass rdf:resource="White-van"/>

</daml:Restriction>
</daml:intersectionOf>

</rdfs:Class>
</daml:sameClassAs>

</rdfs:Class>

Figure6: DAML+OIL descriptionof WhiteVanMan



Both of thesedescriptionswould mapto the samesetof DAML+OIL axiomsasshown in
a DAML+OIL form in Figure6, andaneditor (or ontologist)would beunableto determine
which wasthe original construction.The issuehereis concernedwith the levels of under-
standingasdiscussedin [Euz00].Thereis no debateover the lexical or semanticlevels of
understandingasthesearewell cateredfor in the language.Here,asdiscussedin Section1
we areconcernedwith thesemiotic level which is particularlyimportantwhendealingwith
exchangeof modelsbetweenpeopleandthefaithful reproductionof theserepresentations.

This hasramificationsnot just for the processof exchange,but impactson tool developers
wishing to useDAML+OIL as a representationalformat. The prevalenceof frame-based
ontologyeditorsandtheir popularityamonguserssuggeststhattheframe-basedparadigmis
appropriatefor suchtools.DescriptionLogic languagescertainlyhaveaplacein thetoolkit of
theconceptualmodellerbut they havenotgainedmuchpopularityasraw toolsfor conceptual
modellingin thepast.This is unlikely to change.

If thedeveloperof tool X wishesto preserve informationaboutthewayin whichthemodelis
constructed,theninformation(representingfor examplewhetherclassdefinitionsor axioms
wereused)will needto bekept in additionto theDAML+OIL encodingof theontology. If
ontologiesarethensharedbetweenusersof tool X, thisextra informationmustbesharedtoo.
Theextensiblenatureof RDFmakesthis feasible(if weuseanRDFSchemabasedexchange
format),andDAML+OIL ontologieswith this extra informationcould thenbe used.If the
usersof tool Y alsowish to usethis information,though,thedevelopersof tool Y will also
needto beawareof X’s(non-standard)extensionsto theDAML+OIL format.In effect,weare
introducinga new standardthatextendstheoriginal. Caremustbetaken if theseextensions
areto bemaintainedconsistently– this canplacebarrierson theeasewith which exchange
canbesupportedbetweenandwithin communities.

6 Conclusions

It mustbestressedthatthispaperis not intendedasageneralcriticismof DAML+OIL. Lan-
guageslike OIL andDAML+OIL arecrucial to thesuccessof theSemanticWeb– without
well-definedsemanticsandinferenceprocedures,agentswill not beableto consistentlypro-
cessinformation.As adeliveryplatformfor ontologies,DAML+OIL is quitesatisfactoryand
indeed,in the opinionsof the authors,is a greatimprovementover alternative representa-
tionssuchassimpleRDF Schemaor Topic Maps.However, asanexchangeandmodelling
format,DAML+OIL is lacking in the areasoutlinedabove. To quotefrom [Euz00], “good
understandingcannotbeensuredbymeaningpreservation”.

Theauthorswould bethefirst to admitthatthis is neithera radicaldiscovery nor a shocking
conclusion.We must,however, be carefulthat in adoptingDAML+OIL we do not losethe
featuresthat madeOIL suchan attractive propositionasa languagenot only for Ontology
representationanddelivery, but alsofor sharingandexchange.
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