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Abstract

In this paperwe describethe formalization of an RDF(S) extension
we call O-Telos-RDF, which provides enhancedfunctionalitiesfor meta-
modelingandreifiedstatements.Theaxiomaticformalizationis basedvery
closely on the formalizationof the modelinglanguageO-Telos,which is
basedon a semanticnetworkmodelquitesimilar to RDF(S),andhasbeen
usedasa (meta)modelinglanguagein variousapplicationareasduringthe
last10 years.
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1 Intr oduction

RDF(S)[4, 2] is basedon thesimple,yet quitepowerful modelof semanticnet-
works, whereevery statementis expressedasa binary predicateon groundar-
guments,with nodesin the graphdenotingarbitraryresourcesandliterals, used
assubjectsandobjectsof statements,andarcsdenotingspecificrelationshipsbe-
tweentwo of thesenodes.RDF(S)falls shorthowever in exploiting boththesim-
plicity andtheexpressivity of theunderlyingsemanticnetworkformalism.Meta-
modelingandreificationis cumbersomeandrestrictedin RDF(S),eventhoughit
hasbeenenvisionedasoneof theimportantapplicationareasof RDF(S).
In anearlierpaper[11], we have pointedout thedualuseof propertieslike sub-
classandtypebothasprimitive(metalevel) conceptstodefinetheRDF(S)concept
hierarchyaswell asconceptsdefinedin RDF(S)itself, andhaveproposedameta-
modelingapproachseparatingtheseuses,which is more in line with a layered
metamodelingapproachsuchasdescribedin [5]. More recently, [12] proposeda
layeredversionof RDF(S)calledRDFS(FA) motivatedby thesameobservations.
In this paperwe explore anotheralternative by using the (meta-)modelinglan-
guageO-Telosasabasisfor analternative resourcedescriptionformatwecall O-
Telos-RDF, whichretainstheprinciplesof RDF(S),but extendsits meta-modeling
and reification functionalities. Primitive conceptslike subclassand type are
strictly axiomatizedin this language,and can be usedtogetherwith the other
O-Telos-RDFconceptsto formalize descriptionson all abstractionlevels. The
modelinglanguageO-Teloshasbeendefinedandaxiomatizedin [7], basedon
its predecessorTelos[10, 9], and implementedin the deductive objectoriented
databasesystemConceptBase[6]. It hasbeenusedin a varietyof modelingcon-
texts (see[8] for anoverview) duringthelast10years.
Theextendedfunctionalitiesof O-Telos-RDFarebasedon O-Telos’ useof a se-
manticnetwork(i.e. binarypredicates)for modelingin auniformwayall kindsof
information(informationaboutobjectsandspecificrelationshipsbetweenthese
objects,informationaboutclassesandrelations,informationaboutmetaclasses,
etc.)
Wewill usethepaperbyConenandKlapsing[3] asastartingpointfor thedescrip-
tion of ourRDF(S)variant,O-Telos-RDF, andretainbasicallyall originalO-Telos
axiomsfrom [7], only modifying themwhennecessaryto makethemsuitablefor
a resourcedescriptionformat comparableto RDF(S),andusingRDF(S) termi-
nology. Our orderof presentingthedifferentO-Telos-RDFconceptsreflectsthe
orderof RDF(S)conceptpresentationin [3] which will makeit easierfor knowl-
edgeableRDF(S)usersto compareRDF(S)andtheO-Telos-RDFvariant.
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2 O-Telos-RDFConcepts

O-Telos-RDFgraphsaresemanticnetworks,whichconsistof nodesand(directed)
arcs. Nodesrepresentall kinds of concepts(suchas classes,metaclassesetc.)
and individuals(suchasspecificWWW pagesand literals), arcsrepresentspe-
cific (property)relationships.Bothnodesandarcsarelabeledwith atomicvalues
or URIs asnames.They areboth first classentities,andarereferencedby IDs
(uniquewithin thecurrentnamespace),usuallyin theform of URIs,whicheither
containthe nodeor arc label (if it is an atomicvalue),or usethe label directly
asID (whenthe labelsareURLs or instancesof primitive typeslike literals). By
referencingtheseIDs, arcscanconnectany two otherentities(i.e. two nodes,one
nodeandonearc or two arcs),in contrastto RDF(S),wherearcsonly connect
resources(i.e. nodes).As in RDF(S)[3], all nodeshave differentlabels,andrep-
resentdifferententities.Arc labelsarenot unique,two arcsbetweentwo specific
entitieshave differentlabels,however.

2.1 BasicO-Telos-RDFConceptsand Predicates

2.1.1 Statement

All nodesandarcsin anO-Telos-RDFgrapharerepresentedby statementsof the
generalform s(sid,x,l,y)wheresidrepresentsthestatementID (auniqueidentifier
of thestatement),x andy representidentifiersof (possiblyother)statementsand
l is called the label of the statement.All statementidentifierssid are URIs or
asURI-like aspossibleandareuniqueglobally (exceptwhenexactly the same
statementsaremadein two differentplaces).All statementsin O-Telos-RDFare
implicitly reified,andcanbeidentifiedby theirstatementID.
Axiom 2.1 Statementidentifiersuniquelyidentifystatements:���������
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Example1: Thisexamplegivesafirst impressionof how theresultingstatements
look like. Theexactdefinitionsof theusedconstructswill follow in latersections.
We wantto expressthata resource“LectureUnit1”hasa property“title” with the
value“LectureUnit 1”. TheXML-serialization,togetherwith thestatementslook
asfollows:

<otelos:Description ID="LectureUnit1">
<type s="otelos:individual"/>
<title>Lecture Unit 1</title>

</otelos:Description>
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s(sid1,sid1,LectureUnit1,sid1),s(sid2,sid1,title,"Lecture Unit 1")
s(sid3,sid1,type,otelos:individual),s(sid4,sid2,type,otelos:property)
with
sid1=ns:LectureUnit1, sid2=ns:LectureUnit1_title,
sid3=ns:LectureUnit_type_otelos:individual,
sid4=ns:LectureUnit1_title_type_otelos:property
and“ns:” standsfor thecurrentnamespacespecifyingwherethesemetadatacan
befound(e.g.“http://www.kbs.uni-hannover.de/ai1/metadata.html#”).Thestate-
mentidentifiersaregeneratedautomaticallyfrom theotherarguments(we’ll dis-
cusshow later),sothey do nothave to beincludedin theXML serialization.
Tupelssid3 and sid4 specify membershipof sid1 and sid2 in the (predefined)
O-Telos-RDFclassesotelos:individual andotelos:propertyrespectively (similar
to rdfs:classandrdf:property),andarethemselvesmembersof theO-Telos-RDF
classotelos:type.As we will seein the following sections,membershipin these
predefinedclassesis specifiedby the syntacticform of the statements,andwe
will not includethesetype-statementsin our later examples,asthey canalways
be reconstructedfrom the axiomaticmembershipdefinition for thesepredefined
classes.
Example 2: This example states that a web page with the URI
“http://.../Defs.html”hasa title called“Definitions”.
<otelos:Description about="http://.../Defs.html">

<type s="otelos:individual"/>
<title>Definitions</title>

</otelos:Description>
s(sid1,sid1,.../Defs.html,sid1), s(sid2,sid1,title,"Definitions")
with
sid1=http://.../Defs.html, sid2=http://.../Defs.html_title
Additionally, sid1 is instanceof otelos:individual while sid2 is instanceof ote-
los:property, andthesetwo type-statementsareinstancesof otelos:type.

Comparison to RDF(S) and O-Telos Axiom 2.1 correspondsto the O-Telos
axiom1 (uniquenessof objectidentifiers).O-Telos-RDFstatementidentifiersare
constructedasURIs or URI-like identifiersin orderto beableto referencethem
easilyin otherstatements.In contrastto O-Telosobject identifiers,they arenot
invisible. Theirexactformwill bediscussedin thefollowingsections.In constrast
to RDF(S),thereis nodifferencebetween“named”and“unnamed”resources,all
statementshave uniqueIDs. For Web-Pages,thesearetheusualURLs. Axiom
1 of [3] statesthat an RDF(S)statementconnectstwo nodeswith a label. The
label hasto be RFC 2396[1] conform,statementsdo not have a uniqueID. In
O-Telos-RDF, labelscanalsobe atomicvalues,while statementIDs areunique
andusuallyconformto RFC2396.

4



All statementsin O-Telos-RDFareimplicitly reified,andcanbeidentifiedby their
statementID. Thuswe don’t have to reify a statementexplicitly which contrasts
with theaxioms7, 8 and9 of [3]. Instead,whenonestatementtalksaboutanother
statement,we have to enforcetheexistenceof thestatementtalkedabout.This is
basicallythesameasa foreignkey constraintin relationaldatabasetheory.

2.1.2 Individual

Nodes in an O-Telos-RDF graph are representedby statementsof the form
s(o,o,o,o)or s(ns:l,ns:l,l,ns:l),whereo andns:l areURIs,nsis thecurrentnames-
paceandl is an atomiclabel. We call thesestatementsindividuals,they canbe
usedassubjectsandobjectsin statements.
Axiom 2.2 The set of all statements,abbreviated as otelos:statementis represented
by the individual s(otelos:statement,otelos:statement,statement,otelos:statement),where
“otelos:” is thenamespacefor theO-Telos-RDFdefinitions.

Axiom 2.3 All statementsareelementsof thesetotelos:statement.������� ��	#��,#�
�%��������� ��	#��,#�
���'-/.0��, 1��)�������
2�.�1���2��43��5.06!.01�7�1�8�.0�
Axiom 2.4 The set of all individuals is representedby otelos:individualor (in longer
form)s(otelos:individual,otelos:individual,individual,otelos:individual).

O-Telos-RDFindividualscanrepresentboth classesandinstantiatedobjects(as
well asmetaclasses,metametaclasses,etc.), thereis no syntacticdistinctionbe-
tweenthesedifferentabstractionlevels. This makesunrestrictedmetamodelling
hierarchiespossiblein O-Telos-RDF.

Axiom 2.5 If thelabelof an individual is an atom,it is uniquewithin its namespace. To-
getherwith its namespace,or if thelabelisalreadyanURI, it isuniqueglobally. Therefore
thestatementID of an individual is uniqueglobally in all cases.

In the following, we will usethe statementID of an individual as an abbrevi-
atednamefor that individual, i.e. we will be talking aboutotelos:statement,ote-
los:individual,etc.As thestatementID is uniqueandhumanreadable,wecanuse
this ID alsoto referenceall otherstatements,whicharenot individuals.

Comparison to RDF(S) and O-Telos In O-Telos-RDFall individualsare re-
sourcesin the usualRDF(S) sense,andcanbe usedas subjectsandobjectsin
statements.O-Telosstatesthe existenceof statementsin its axioms18 and24
whichcorrespondto axiom2.2of O-Telos-RDF. FurthermoreO-Telos-RDFstates
in axiom2.3thateachstatementis at leastinstanceof otelos:statementasdoesO-
Telosin its axiom23.
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Axioms 1 and2 of [3] statethe existenceof Resourcewhich is equalto the O-
Telos-RDFconceptotelos:individual(seeaxiom2.4),whichcorrespondsto theO-
Telosaxioms19and25.1 Axiom 4 of [3] statesthatanamedresourceis identified
by anURI. O-Telos-RDFbroadensthescopeof theidentifierswith axiom2.5so
thatall individualsareidentifiedby anURI, andfurtherstatementscanbemade
abouteachindividualusingthisURI. Labelsof individualsareuniquein O-Telos-
RDF(correspondingto O-Telosaxiom2).
In contrastto RDF(S), O-Telos-RDFrequiresthe declarationof eachindivid-
ual/resource,soeachindividual is representedby its correspondingtuple.Writing
down theseexplicit individualdeclarationscouldbedoneby asmartparserwhich
generatesthe correspondingtuplesfor eachURL automatically. In the follow-
ing, we will thereforeusean XML serializationwhich doesnot requireexplicit
individualdeclarationsfor URLs.

2.1.3 Class

In O-Telos-RDF, individualsrepresentbothobjectsandclasses.As all individuals
canbe instantiated,thereis no needto introducea separateclassconcept. All
RDF(S)classesarerepresentedasO-Telos-RDFindividuals,asare their mem-
bers.Classmembershipis definedusingtype-statements(see2.2.1).To enhance
readability, we definean individual otelos:class,which denotesthe samesetas
otelos:individual,andusebothotelos:classandotelos:individual in our XML se-
rialization.
Comparison to RDF(S) and O-Telos Even thoughRDF(S) definesthe con-
ceptrdfs:Class,no specialaxiomsaredefinedin [3]. Rather, axiomsaredefined
for thespecialpropertiesrelatedto rdfs:Class,namelyrdf:type,rdfs:subClassOf,
rdfs:rangeandrdfs:domain.This is similar to theformalizationin O-Telos-RDF,
which doesnot definetheclassconceptat all, but hassimilar restrictionson the
propertiesrelatedto thisconcept.

2.1.4 Property

Arcs arerepresentedby statementsof theform s(sid,x,p,y)or by thespecialcase
s(ns:p,otelos:statement,p,y),with sid 9: x, sid 9: y, ns:p 9: otelos:statementand
ns:p 9: y, and p different from the threereserved labelstype, subClassOfand
subPropertyOf.We call thesestatementsproperties:

1If weview somethingasaresourcewhichcanbereferencedby anidentifier, “resource”would
correspondto “statement”in O-Telos-RDF, though.
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Axiom 2.6 Definitionof properties:���������
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Axiom 2.7 The set of all properties is denoted by the statement (ote-
los:property,otelos:statement,property,otelos:statement), or otelos:property.

Object ScopedProperties In thefirst cases(sid,x,p,y),p is anatomicvalue,and
is uniquewithin the currentnamespacein conjunctionwith the sourceobjectx,
which is the uniqueidentifier of anotherstatement.The sid is of the form x p,
which is uniquein thecurrentnamespace,andpotentiallyuniqueglobally (except
if anothernamespacespecifiesapropertywith thesamelabelfor thesamex). This
namingof thestatementidentifiersdoesnot guaranteeglobally uniquestatement
IDs, but is in line with the object scopedway of looking at properties. If the
propertys(sid,x,p,y)is meantto representthepropertydefinitionfor p, then(using
RDF(S)terminology),x is thedomainof p andy is therangeof p. Wethencall p
anobjectscopedproperty. Thisdefinitioncorrespondsto theclass-centricwayof
definingpropertiesusedin frame-basedlanguageslike O-Telos.

Axiom 2.8 Namesof “object scoped” propertiesare unique in conjunctionwith the
sourceobject:���������
������������	#��,#�����
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Example3: Thefollowing descriptiondefinesLectureUnit,whichhasaproperty
namedtitle of typeliteral.
<otelos:class ID="LectureUnit">

<title s="otelos:literal">
</otelos:class>
s(sid1,sid1,LectureUnit,sid1), with sid1=ns:LectureUnit
s(sid2,sid1,title,otelos:literal), with sid2=ns:LectureUnit_title

sid1 is a memberof the set otelos:individual, sid2 is a memberof the setote-
los:property. Both membership-statementsarememberof thesetotelos:type.
Globally Scoped Properties In the second(special) cases(ns:p,otelos:state-
ment,p,y),p is anatomicvalue,andis auniquelabelwithin thecurrentnamespace
ns. We thencall p a globally scopedproperty, becauseit canbeusedasproperty
for all kinds of statements.This definition correspondsto the property-centric
wayof definingpropertiesin RDF(S).

Axiom 2.9 For “globally scoped”properties,axiom2.8is extended,sothat thenamesof
attributesareuniqueevenwithoutconjunctionwith thesourceobject:���������
�
	��
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Comparison to RDF(S) and O-Telos O-Telos-RDFaxiom2.8 correspondsto
O-Telosaxiom3. Axioms2.6and2.7correspondto O-Telosaxioms22 and26.
RDF(S) regardspropertiesasa projectionof the secondargumentof the RDF-
statement.Therefore[3] statewith their axioms2 and3 thateachlabelof a state-
ment is a resourceand that it is identified by an URI. This holds for O-Telos
(axiom 3) andO-Telos-RDF(axiom 2.8) aswell, with the exceptionof literals
andsomepropertystatements(typeetc.) which yield IDs thatarenot RFC2396
conform.
In contrastto O-Telosandto RDF, O-Telos-RDFallows both globally or object
scopedproperties,thoughthe globally scopedpropertiesare just a specialcase
of the objectscopedproperties.So, ascanbe seenin example3, the definition
of propertiesis objectcenteredandis includedin theclassdefinitionratherthan
written outsideof theclassdefinitionin separatestatements.If differentdomains
(as in RDF(S)) have to be expressedfor a property, this propertyhasto be an
objectscopedproperty. Whenusingobjectscopedproperties,differentrangesare
possible(in contrastto thecurrentRDF(S)specification).

2.1.5 Literals and Other Primitive Types

Literals l arerepresentedasindividualss(l,l,l,l). Thesetof all literals is denoted
by the individual otelos:literal. Other primitive types(like the onesdefinedin
the recentXML schemaspecification,or Integer, Boolean,etc. from O-Telos)
canbe introducedin thesameway. While thestatementIDs for theseprimitive
individuals are no URIs, this representationallows us to usetheseindividuals
consistentlywith currentRDF(S)/XML statements,by simply includingthevalue
in a statement.
Comparison to RDF(S) and O-Telos Axioms 5 and6 of [3] declarea literal
asanobjectthat is not a resource.Theseliteralsareinstancesof rdfs:Literal. In
contrastto RDF(S),O-Telos(andO-Telos-RDF)declarepredefinedclasses,such
asLiteral (String),Boolean,Integer, etc.

2.2 SchemaDefinition Conceptsand Predicates

2.2.1 type

Statementsof theform s(sid,x,type,y)denoteclassmembershipof x in y. Wetalk
aboutx beinganinstanceof y, wherex andy representeithertwo individualsor
two properties.

8



Axiom 2.10 Typestatementscanbewrittenusingtheauxiliary predicatetype(x,y):���������
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Axiom 2.11 All statements,where subjectandobjectare differentfromthestatementID
and which usethe label “type”, are instancesof the setotelos:type,representedby the
statements(otelos:type,otelos:statement,type,otelos:statement):������� ��	#��YJ�����������
	#�X.0��, 1
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Axiom 2.12 Thelabel “type” of thesestatementsisuniquein conjunctionwith thesource
objectx and thedestinationobjecty. Thestatementidentifiersid hastherefore the form
x type y:���������
�
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Axiom 2.13 Propertystatementscanbewrittenwith thenameof theproperty(insteadof
a new label)by usingtheauxiliary predicateP(x,m,y):���������
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Axiom 2.14 PropertiesP of a subjectx are alwaysexpressedas a propertystatement,
which is an instantiationof a propertydefinitionfor theclassc of which x is a memberof:��	#�
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Axiom 2.15 In casex is an instanceof twoclassesc andd, which bothdefinea property
m,x hasalsoto beaninstanceof a classg, which is a subclassof bothc andd,andwhich
alsodefinespropertym:��	��
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Axiom 2.15 handlesmultiple inheritance/instantiationwheretwo classesof an
objectbothdefineacommonproperty, by demandinga third classtheobjectis an
instanceof, whichdefinesthispropertyandmakesinstantiatingthepropertyfor x
unique.
Example 4: The following exampleshows the useof type-statements.Let us
assume,that thereis an individual calledLectureUnitthathasa propertyof type
String labeledtitle. An individual calledLectureUnit1is an instanceof Lecture-
Unit andinstantiatesthepropertytitle with thevalue“Lecture Unit 1”. The ex-
amplesusethenamespacesrdf:, rdfs:, s:, t: andotelos: insteadof theURIs with
thestatement-declarations.
<otelos:OTELOS

<otelos:class ID="LectureUnit"><title s="otelos:literal">
</otelos:class>
<otelos:individual ID="LectureUnit1">

<type s="t:LectureUnit"/><title>Lecture Unit 1</title>
</otelos:individual>
<otelos:property ID="LectureUnit1_title"><type s="t:LectureUnit_title"/>
</otelos:property>

</otelos:OTELOS>

9



We have four mainstatementsandtwo typestatements
s(sid1,sid1,LectureUnit,sid1),s(sid2,sid1,title,otelos:literal),
s(sid3,sid3,LectureUnit1,sid3),s(sid4,sid3,title,"Lecture Unit 1"),
s(sid5,sid3,type,sid1), s(sid6,sid4,type,sid2)

In the following, we will not explicitly specifythe type statementfor properties
like “LectureUnit1 title” in theXML serialization,whenever the labelof the in-
stantiatedpropertyis thesameasthe labelusedin thedefinitionof thatproperty
andanexplicit typestatementis includedfor theobjectthe instantiatedproperty
is associatedto. Thesetypedefinitiontuplescanbeinferredby theO-Telos-RDF
parserby using the label to look up the appropriatepropertydefinition within
the classspecifiedby the type statementfor the object containingthe instanti-
atedproperty. If the labelof the instantiatedpropertystatementis differentfrom
the label usedin the propertydefinition (usedfor multivaluedpropertiesandin
metamodelingapplications),we can usean XML serializationfor instantiated
propertieswhich includesthe type of the instantiatedpropertyas an additional
XML-attribute“type=” to getacompactserialization.

Comparison to RDF(S)and O-Telos Instantiationsof classesusing“type” are
donein thesamewayin RDF(S)asin O-Telos-RDFaxioms2.12and2.10(corre-
spondingto theO-Telosaxioms4 and5). Furthermore,objectscaninstantiatethe
attributesdefinedin their classesin the sameway in RDF(S)andO-Telos-RDF
(axioms2.13and2.14,correspondingto O-Telosaxioms7, 8 and9). Axiom 2.11
correspondsto theO-Telosaxioms27 and20. Dif ferentlyto RDF(S),otelos:type
standsonits own andis differentfrom otelos:property(axiom2.11,corresponding
to O-Telosaxiom20).
Axiom 2.15 (correspondingto O-Telos axiom 17) handlesmultiple inheri-
tance/instantiation.Suchanaxiomis notnecessaryin RDF(S)becauseproperties
aredefinedseparatelyfrom classesanyway, anda given propertycanhave just
one rangerestriction. Axiom 2.13 (correspondingto O-Telosaxioms7 and8)
defineshow to statepropertiesin anRDF(S)-likeway. We canthereforetranslate
RDF(S)-likepropertystatementslike P(x,m,y) into the correspondingO-Telos-
RDF statementsby generatinga uniqueobjectidentifieranda labelfor thestate-
mentrepresentingtheinstantiatedpropertystatement,plusanadditionalstatement
for theinstantiationrelationship.
In contrastto RDF(S)[3], whichonly hasthreeabstractionhierarchies(rdfs:class,
classes,whichareinstancesof rdfs:classandinstancesof theseclasses)andrepre-
sentspropertyinstantiationimplicitly (i.e.notby explicit statements),O-Telosand
henceO-Telos-RDFallow arbitrarily many abstractionhierarchies,becausetheir
representationdoesnotdistinguishbetweenmetaclasses,classesandobjects,and
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instantiationis representedexplicitly for propertiesaswell asfor individuals,as
definedin axioms 2.13and2.14(correspondingto O-Telosaxioms7, 8 and9.
This leadsto instantiatedpropertystatements,which have a (possibly)different
label thanthepropertydefinitionsthey instantiate,andwhich canbeinstantiated
againif needed.Thisis differentfrom RDF(S),whereinstantiationis only explicit
for individuals.2

2.2.2 Domain and Range

Domainandrangepropertieslike thosein RDF(S)arenotneeded,asdomainand
rangerestrictionsarealreadyincludedin all propertydefinitions.
Axiom 2.16 Subjectsandobjectsin a statementrepresentinganinstantiatedpropertyare
typedby thecorrespondingpropertydefinition:���������
�
���������
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YF�'�Z.���, 1������
G��
If nodomainor rangerestrictionsaredesiredfor apropertyp, it canbedefinedas
aglobally scopedpropertyby s(ns:p,otelos:statement,p,otelos:statement).

Comparison to RDF(S) and O-Telos In contrastto O-Telos-RDF, RDF(S)has
to statedomainandrangeusingseparateproperties.[3] definethedomainprop-
erty in rules19 to 21. It hasacardinalityof zeroor morewhichcomplieswith O-
Telos-RDF. Furthermore,[3] definetherangepropertyin rules22 to 26. RDF(S)
restrictstherangepropertyto onerangeconstraintperproperty. In contrast,each
O-Telos-RDFpropertydefinition hasexactly one rangeconstraint,but for dif-
ferentdomainsdifferentpropertydefinitionswith rangeconstraintsarepossible
(axiom2.16).Thiscorrespondsto O-Telosandits axiom14.

2.2.3 subClassOf

Statementsof the form s(sid,x,subClassOf,y)denotea subclassrelationshipbe-
tweenx andy. We talk aboutx beinga subclassof y, wherex representsa class
andy its superclass.x andy areindividuals.
Axiom 2.17 The label “subClassOf” in subClassOf-statements is unique in conjunc-
tion with the source object x and the destinationobject y, thus sids are of the form
x subClassOfy:���������
�
���������
	��������+��������� �!�
	#�����
�
���N�������������
	��
���������;���'$*��>�?�@A��6����5BAC'� " ���������%$*�������
�

2The missingexplicit instantiationof propertiesin RDF(S) is actually the main reasonfor
its restrictionto threeabstractionlevels, asinstantiatedpropertystatementsneitherhave a label
nor statementID, which makesit impossibleto uniquelyreferencethesestatementsasfirst class
objects.
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Axiom 2.18 Wecanalsodefinean auxiliary predicatesubClassOf(x,y):������� ��Y��
�%��������� ��Y��
��> ?�@A��6����5BAC��
��� " ��>�?�@A��6����FBTCJ��Y��
���
Axiom 2.19 The set of all subClassOf-statementsis representedby the statement
s(otelos:subClassOf,otelos:individual, subClassOf,otelos:individual).
Axiom 2.20 All statementswith a label “subClassOf” whosesid is not equalto subject
andobjectaremembersof thesetotelos:subClassOf:���������
Y����%���)�������
Y�����>�?�@A��6����FBTC �������;�)�����e<$*YF�#�;�������e<$*���

-/.0��, 1��)�������
2�.�1���2��43���> ?�@T��6����FBAC'�
ThesubClassOfrelationshipis a partialorderon thestatementidentifiers,which
is reflexive aswell astransitive,anddoesnot containcycles,but usesreflexivity
to stateequality. Weomit thecorrespondingaxiomsbecauseof spaceconstraints.
Axiom 2.21 Classmembershipis inheritedupwardly to thesuperclasses:��	#��Y��
�f.0��, 1���	��
��� �N��> ?�@T��6����FBTCg�)� ��YF� " .0��, 1���	#��YF�
Comparison to RDF(S) and O-Telos Our O-Telosaxiomscorrespondclosely
to the O-Telos and RDF(S) axioms. Contrary to RDF(S), the subClassOf-
relationshipis definedasa partial order, which is reflexive aswell astransitive.
subclassOfdoesnotcontaincycles,but usesreflexivity justto stateequality. Class
membershipinheritsupwardlyto thesuperclassesin all formalisms.

2.2.4 subPropertyOf

Axiom 2.22 Subclasses,which definepropertieswith the samenameas propertiesof
their classes,refinetheseproperties:������� �!�
�������^�
Y�������1
��C��
7*��> ?�@A��6����5BACJ�����
YF���V���)�������
��Y��
7D��1����������������^�
���
7D�
C'�

" ��> ?�@A��6����5BACJ��C��
1����N��>�?FE4GH2�, 1�G�.0�!BACJ���������^�
����� ���
Axiom 2.23 Furthermore, O-Telos-RDFrequires subpropertiesof propertiesto refine
subjectandobjectof thepropertiesaswell.���������
�
���������
Y�������1
��C��
7D���
��> ?FE4G�2�, 1�G�.��
BTCg�)���������������������N�����������
�
Y���7D��1��

�J��������������� ������C'� " ��> ?�@T��6����FBTCg�)� ��YF� �V��> ?�@T��6����FBACJ��C��
1��
For compatibility reasonsto RDF(S),we defineotelos:subPropertyOfseparately
from subClassOf,even though it has all axioms from subClassOf,plus addi-
tional oneswhich are relevant for subPropertyOfonly. Statementsof the form
s(sid,x,subPropertyOf,y)denoteasubpropertyrelationshipbetweenx andy.
As for “subClassOf”, the label “subPropertyOf” in statementsis uniquein con-
junctionwith thesourceobjectx andthedestinationobjecty, thesubPropertyOf
relationshipis againa partial order on the statementidentifiers, and property
membershipis inheritedupwardly to the superproperties.All subPropertyOf-
statementsare members of the set otelos:subPropertyOf,which is repre-
sentedby the statements(otelos:subPropertyOf,otelos:property,subPropertyOf,
otelos:property).
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Comparison to RDF(S) and O-Telos Close to otelos:subClassOftreatsO-
Telos-RDF otelos:subPropertyOf(like O-Telos, which does not distinguish
thesetwo conceptsat all). This being consistentwith RDF(S), [3] defines
rdfs:subPropertyOfvery similar to rdfs:subClassOf.O-TelosandO-Telos-RDF
declarea specialsetfor the subPropertyOf-statements.Propertymembershipin
O-Telos-RDFis inheritedupwardlyto thesuperclasses.[3] hasto definethis by
introducingnew statementsfor superproperties(rule17),asnoinstantiationstate-
mentsfor propertiesexist in RDF(S).Axioms 2.22and2.23(O-Telosaxioms15
and16) donot exist in RDF(S).
Dueto spaceconstraints,we arenot ableto includethespecificationof contain-
erslike rdf:Seqin O-Telos-RDF, but refer thereaderto theextendedreport. The
O-Telos-RDFspecificationexploits thepossibility to statepropertiesaboutprop-
erties,andcanavoid the introductionof untypedcontainerslike rdf:Seqwhich
have disadvantagesfor precisesemanticalmodelling.

3 Discussion

In this paperwe describedthe formalizationof an RDF(S)extensioncalledO-
Telos-RDF, which providesenhancedfunctionalitiesfor meta-modelingandrei-
fied statements.The formalizationis basedcloselyon the formalizationof the
modelinglanguageO-Telos,which is basedonasemanticnetworkmodelsimilar
to RDF(S).Axioms andconstraintsareclearlydefined. In the longerreport,we
includeall theseaxioms,togetherwith theircounterpartsin O-TelosandRDF(S),
aswell assomelongerexamples.
Comparedwith RDF, O-Telos-RDFshows its advantagesin allowing easierreifi-
cationof statements,andin metamodellingapplications,wheremorethanthree
abstractionhierarchiesare needed. Furthermore,the classcentric approachto
propertydefinitionallows thedefinitionof propertieswith thesamenamefor dif-
ferentdomains,whichhave differentranges(not possiblein RDF(S)).
Thesepropertiesseemto makeO-Telos-RDFmoresimilar to DAML+OIL than
RDF(S)is (in thesensethatDAML+OIL is moreeasily/naturallyrepresentedin
O-Telos-RDFthanin RDF(S)).A detaileddiscussionof this relationshipwill be
includedin aforthcomingreport,togetherwith adiscussionof thereasoningfunc-
tionalititiesfor O-Telos-RDFbasedonDatalogh .
As O-Telos-RDFis a strict extensionof RDF(S), all RDF(S) definitions can
be translatedinto O-Telos-RDFstatements.Translationfrom O-Telos-RDFto
RDF(S)is only possible,if theO-Telos-RDFdefinitionsdon’t useO-Telos-RDF
specificextensions,e.g.morethanthreeabstractionlevels,or propertiesof prop-
erties.
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