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Abstract

In this paperwe describethe formalization of an RDF(S) extension
we call O-Telos-RDF which provides enhancedunctionalitiesfor meta-
modelingandreified statementsThe axiomaticformalizationis basedvery
closely on the formalization of the modelinglanguageO-Telos, which is
basedon a semanticnetworkmodelquite similar to RDF(S),andhasbeen
usedasa (meta)modelinglanguagen variousapplicationareasduringthe
last10years.
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1 Intr oduction

RDF(S)[4, 2] is basedon the simple,yet quite powerful modelof semantianet-
works, whereevery statemenis expressedas a binary predicateon ground ar-
gumentswith nodesin the graphdenotingarbitraryresourcesndliterals, used
assubjectsandobjectsof statementsandarcsdenotingspecificrelationshipse-
tweentwo of thesenodes.RDF(S)falls shorthowever in exploiting boththe sim-
plicity andthe expressvity of theunderlyingsemantimetworkformalism. Meta-
modelingandreificationis cumbersomandrestrictedn RDF(S),eventhoughit
hasbeenenvisionedasoneof theimportantapplicationareasof RDF(S).

In anearlierpaper[11], we have pointedout the dual useof propertiedike sub-
classandtypebothasprimitive (metalerel) conceptdo definetheRDF(S)concept
hierarchyaswell asconceptglefinedin RDF(S)itself, andhave proposeda meta-
modelingapproachseparatingheseuses,which is morein line with a layered
metamodelingpproactsuchasdescribedn [5]. More recently [12] proposeda
layeredversionof RDF(S)calledRDFS(FA) motivatedby the sameobsenations.
In this paperwe explore anotheralternatve by usingthe (meta-)modelinglan-
guageO-Telosasabasisfor analternatve resourcedescriptionformatwe call O-
Telos-RDEwhichretainstheprinciplesof 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-Telos hasbeendefinedand axiomatizedin [7], basedon
its predecessorelos[10, 9], andimplementedn the deductve objectoriented
databaseystemConceptBas¢6]. It hasbeenusedin a variety of modelingcon-
texts (se€[8] for anoverview) duringthelast10years.

The extendedfunctionalitiesof O-Telos-RDFarebasedon O-Telos’ useof a se-
manticnetwork(i.e. binarypredicatesjor modelingin auniformway all kindsof
information (information aboutobjectsand specificrelationshipsbetweenthese
objects,informationaboutclassesandrelations,informationaboutmetaclasses,
etc.)

Wewill usethepapery ConenandKlapsing[3] asastartingpointfor thedescrip-
tion of our RDF(S)variant,O-Telos-RDF-andretainbasicallyall original O-Telos
axiomsfrom [7], only modifying themwhennecessaryo makethemsuitablefor
a resourcedescriptionformat comparabléo RDF(S),and using RDF(S) termi-
nology. Our orderof presentinghe differentO-Telos-RDFconceptgeflectsthe
orderof RDF(S)conceptpresentatioin [3] which will makeit easierfor knowl-
edgeabld&RDF(S)usergo compareRDF(S)andthe O-Telos-RDFvariant.



2 O-Telos-RDFConcepts

O-Telos-RDRgraphsaresemanticmetworkswhich consisiof nodesand(directed)
arcs. Nodesrepresengll kinds of concepts(suchas classesmetaclassestc.)
andindividuals (suchas specificWWW pagesand literals), arcsrepresenspe-
cific (property)relationships Both nodesandarcsarelabeledwith atomicvalues
or URIs asnames.They arebothfirst classentities,and are referencedy IDs

(uniguewithin the currentnamespace)suallyin the form of URIs, which either
containthe nodeor arc label (if it is an atomicvalue),or usethe label directly

asID (whenthelabelsare URLs or instance®f primitive typeslike literals). By

referencingheselDs, arcscanconnectary two otherentities(i.e. two nodesone
nodeandonearc or two arcs),in contrastto RDF(S),wherearcsonly connect
resourcegi.e. nodes).As in RDF(S)[3], all nodeshave differentlabels,andrep-
resentdifferententities. Arc labelsarenot unique,two arcsbetweenwo specific
entitieshave differentlabels,however.

2.1 BasicO-Telos-RDFConceptsand Predicates
2.1.1 Statement

All nodesandarcsin anO-Telos-RDFgrapharerepresentetly statementsf the
generaform s(sid,x,l,y)wheresidrepresentthestatementD (auniqueidentifier
of the statement)x andy representdentifiersof (possiblyother)statementsind
| is called the label of the statement.All statemenidentifierssid are URIs or
asURI-like aspossibleandare uniqueglobally (exceptwhenexactly the same
statementaremadein two differentplaces).All statementén O-Telos-RDFare
implicitly reified,andcanbeidentifiedby their statementD.
Axiom 2.1 Statemenidentifiersuniquelyidentify statements:

Vsid, z1,22,11,12,y1,y2 s(sid, z 1,11, y1) A s(sid, 22,12, y2)

= (zl=22)A(yl =y2) A (11 =12)
Example 1: Thisexamplegivesafirstimpressiorof how theresultingstatements
look like. Theexactdefinitionsof theusedconstructswill follow in latersections.
We wantto expressthataresourceé'LectureUnitl” hasa property“title” with the
value“LectureUnit 1”. The XML-serialization,togethemwith the statementfook
asfollows:
<otel os: Description | D="LectureUnit1">

<type s="otel os:individual"/>

<title>Lecture Unit 1</title>
</ ot el os: Descri pti on>



s(sidl,sidl, LectureUnitl,sidl),s(sid2,sidl,title,"Lecture Unit 1")
s(sid3,sidl, type, otel os:individual), s(sid4, sid2,type, otel os: property)
with
sidl=ns:LectureUnitl, sid2=ns:LectureUnitl title,
si d3=ns: LectureUnit _type_otel os:individual,
sid4=ns: LectureUnitl title type otel os:property
and“ns:” standgfor the currentnamespacspecifyingwherethesemetadatacan
befound(e.g.“http://www.kbs.uni-hanneer.de/ail/metadata.html#”)The state-
mentidentifiersaregeneratecutomaticallyfrom the otherargumentgwe’ll dis-
cusshow later),sothey do nothave to beincludedin the XML serialization.
Tupelssid3 and sid4 specify membershipof sid1l and sid2 in the (predefined)
O-Telos-RDFclassestelos:indvidual and otelos:propertyrespectiely (similar
to rdfs:classandrdf:property),andarethemselesmemberf the O-Telos-RDF
classotelos:type.As we will seein the following sectionsmembershipn these
predefinedclassess specifiedby the syntacticform of the statementsand we
will not includethesetype-statements our later examples,asthey canalways
be reconstructedrom the axiomaticmembershiglefinition for thesepredefined
classes.
Example 2: This example states that a web page with the URI
“http://.../Defs.html”hasatitle called“Definitions”.
<ot el os: Descri ption about="http://.../Defs.htm ">

<type s="otel os:individual"/>

<title>Definitions</title>
</ ot el os: Descri pti on>
s(sidl,sidl,.../Defs.htm 6 sidl), s(sid2,sidl,title,"Definitions")
with
sidl=http://.../Defs.htm, sid2=http://.../Defs.html title
Additionally, sid1is instanceof otelos:indvidual while sid2 is instanceof ote-

los:propertyandthesetwo type-statementareinstance®f otelos:type.

Comparison to RDF(S) and O-Telos Axiom 2.1 correspondgo the O-Telos
axiom1 (uniguenessf objectidentifiers).O-Telos-RDFstatemenidentifiersare
constructedasURIs or URI-like identifiersin orderto be ableto referenceghem
easilyin otherstatementsin contrastto O-Telosobjectidentifiers,they arenot
invisible. Theirexactformwill bediscussedh thefollowing sectionsln constrast
to RDF(S),thereis no differencebetweerifnamed”and“unnamed’resourcesall
statementiave uniquelDs. For Web-Rages thesearethe usualURLs. Axiom
1 of [3] statesthat an RDF(S) statementonnectdwo nodeswith a label. The
label hasto be RFC 2396 [1] conform, statementglo not have a uniquelD. In
O-Telos-RDF labelscan also be atomicvalues,while statementDs are unique
andusuallyconformto RFC 2396.



All statements O-Telos-RDFareimplicitly reified,andcanbeidentifiedby their
statementD. Thuswe don'’t have to reify a statemengxplicitly which contrasts
with theaxioms7, 8 and9 of [3]. Insteadwhenonestatementalksaboutanother
statementye have to enforcethe existenceof the statementalkedabout. Thisis
basicallythe sameasaforeignkey constrainin relationaldatabaséheory

2.1.2 Individual

Nodesin an O-Telos-RDF graph are representedby statementsof the form

s(0,0,0,0)r s(ns:l,ns:l,I,ns:)whereo andns:lareURIs, nsis the currentnames-
paceandl is an atomiclabel. We call thesestatementsndividuals,they canbe

usedassubjectsaandobjectsin statements.

Axiom 2.2 The set of all statementsabbreviated as otelos:statemenis represented
by the individual s(otelos:statement,elbsstatement,stemenjotelosstatement) whee

“otelos:” is thenamespac#or the O-Telos-RDFdefinitions.

Axiom 2.3 All statementare element®of the setotelos:statement.
Vsid, z,p,y s(sid, z, p,y) < type(sid, otelos : statement)

Axiom 2.4 The setof all individualsis representedby otelos:individualor (in longer
form) s(otelos:individualotelcs:individual,individual,otelosindividual).

O-Telos-RDFindividuals canrepresenboth classesandinstantiatedobjects(as
well as metaclassesnetametaclassesic.), thereis no syntacticdistinctionbe-
tweenthesedifferentabstractiorievels. This makesunrestrictednetamodelling
hierarchiegpossiblein O-Telos-RDF

Axiom 2.5 If thelabel of anindividual is an atom,it is uniquewithin its namespaceTo-
gethemwithits namespacer if thelabelis alreadyan URI, it is uniqueglobally. Thelefore
thestatementD of anindividualis uniquegloballyin all cases.

In the following, we will usethe statementD of an individual as an abbrevi-
atednamefor thatindividual,i.e. we will betalking aboutotelos:statemengte-
los:indiidual, etc. As the statementD is uniqueandhumanreadableye canuse
thisID alsoto referenceall otherstatementsyhich arenotindividuals.

Comparison to RDF(S) and O-Telos In O-Telos-RDFall individualsare re-
sourcesn the usualRDF(S) sense and can be usedas subjectsand objectsin
statements.O-Telos statesthe existenceof statementsn its axioms18 and 24
whichcorrespondo axiom2.2 of O-Telos-RDFEFurthermore)-Telos-RDFstates
in axiom2.3thateachstatemenis atleastinstanceof otelos:statemerasdoesO-
Telosin its axiom23.



Axioms 1 and?2 of [3] statethe existenceof Resourcevhich is equalto the O-

Telos-RDFconcepbtelos:indvidual (seeaxiom?2.4),whichcorrespondso theO-

Telosaxioms19and25! Axiom 4 of [3] stateghatanamedesourcas identified
by an URI. O-Telos-RDFbroadenghe scopeof theidentifierswith axiom2.5so
thatall individualsareidentifiedby an URI, andfurther statementganbe made
abouteachindividual usingthis URI. Labelsof individualsareuniquein O-Telos-
RDF (correspondingo O-Telosaxiom?2).

In contrastto RDF(S), O-Telos-RDFrequiresthe declarationof eachindivid-

ual/resourcesoeachindividualis representedy its correspondinguple. Writing

down theseexplicit individual declarationgouldbedoneby a smartparsemvhich

generateghe correspondinguplesfor eachURL automatically In the follow-

ing, we will thereforeusean XML serializationwhich doesnot requireexplicit

individual declarationgor URLSs.

2.1.3 Class

In O-Telos-RDFindividualsrepresenbothobjectsandclassesAs all individuals
can be instantiatedthereis no needto introducea separateclassconcept. All
RDF(S) classesarerepresenteds O-Telos-RDFindividuals, as are their mem-
bers.Classmemberships definedusingtype-statementgee2.2.1). To enhance
readability we definean individual otelos:classwhich denoteshe samesetas
otelos:indvidual, anduseboth otelos:classindotelos:indvidual in our XML se-

rialization.
Comparison to RDF(S) and O-Telos Even thoughRDF(S) definesthe con-

ceptrdfs:Classhno specialaxiomsaredefinedin [3]. Rather axiomsaredefined
for the specialpropertieselatedto rdfs:Classpnamelyrdf:type, rdfs:subClassOf,
rdfs:rangeandrdfs:domain.Thisis similar to theformalizationin O-Telos-RDF
which doesnot definethe classconceptat all, but hassimilar restrictionson the
propertiegelatedto this concept.

2.1.4 Property

Arcs arerepresentetty statement®f the form s(sid,x,p,y)or by the specialcase
s(ns:p,otelos:statement,p,yith sid # x, sid # y, ns:p+# otelos:statemerdnd
ns:p# y, and p differentfrom the threeresenred labelstype, subClassOfand
subPropertyOfWe call thesestatementgroperties:

LIf we view somethingasaresourcavhich canbereferencedby anidentifier, “resource’would
correspondo “statement’in O-Telos-RDF though.




Axiom 2.6 Definitionof properties:

Vsid, z,p,y s(sid, z,p,y) A (sid # z) A (sid # y) A (p # subClassO f)
A(p # subPropertyO f) A (p # type) < type(sid, otelos : property)

Axiom 2.7 The set of all properties is denoted by the statement (ote-
los:propertyotelcs:satemengpropetty,otelos:satemet), or otelos:pioperty

Object ScopedPropertiesIn thefirst cases(sid,x,p,y) p is anatomicvalue,and
is uniguewithin the currentnamespacén conjunctionwith the sourceobjectx,
which is the uniqueidentifier of anotherstatement.The sid is of the form x_p,
whichis uniquein the currentnamespacendpotentiallyuniqueglobally (except
if anothemamespacspecifiesapropertywith thesamdabelfor thesamex). This
namingof the statementdentifiersdoesnot guaranteglobally uniquestatement
IDs, but is in line with the objectscopedway of looking at properties. If the
propertys(sid,x,p,y)s meanto representhepropertydefinitionfor p, then(using
RDF(S)terminology).x is thedomainof p andy is therangeof p. We thencall p
anobjectscopedoroperty This definitioncorrespondso the class-centriavay of
definingpropertieusedin frame-basedthnguagedike O-Telos.

Axiom 2.8 Namesof “object scoped” propertiesare uniquein conjunctionwith the
sourceobject:
Vsidl, sid2,z,p,yl,y2 s(sidl, z, p, y1) A s(sid2,z,p, y2)
= (sidl = sid2) V (p = type) V (p = subClassO f) V (p = subPropertyO f)
Example 3: Thefollowing descriptiondefines_ectureUnit,which hasa property
nameditle of typeliteral.
<otel os:class | D="LectureUnit">
<title s="otelos:literal">

</ otel os: cl ass>
s(sidl,sidl, LectureUnit,sidl), with sidl=ns:LectureUnit
s(sid2,sidl,title,otelos:literal), with sid2=ns:LectureUnit _title
sid1is a memberof the set otelos:indvidual, sid2 is a memberof the setote-
los:property Both membership-statemerdse memberof the setotelos:type.
Globally Scoped Properties In the second(special) case s(ns:p,otelos:state-
ment,p,y) p is anatomicvalue,andis auniquelabelwithin the currentnamespace
ns. We thencall p a globally scopedproperty becauseat canbe usedasproperty
for all kinds of statements.This definition corresponddo the property-centric
way of definingpropertiesn RDF(S).
Axiom 2.9 For “globally scoped”properties,axiom?2.8is extendedsothatthe namesof
attributesare uniqueevenwithoutconjunctionwith the source object:

Vsidl,z1,22,p,yl,y2 s(ns : p,zl, p,yl) A s(sidl, 22, p,y2) = ((sidl = ns : p)

Azl =22) A (yl =y2)) V (p = type) V (p = subClassO f) V (p = subPropertyO f)
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Comparisonto RDF(S) and O-Telos O-Telos-RDFaxiom 2.8 corresponds$o
O-Telosaxiom3. Axioms 2.6 and2.7 correspondo O-Telosaxioms22 and26.
RDF(S) regardspropertiesas a projectionof the secondargumentof the RDF-
statementThereforeg 3] statewith their axioms2 and3 thateachlabel of a state-
mentis a resourceandthatit is identified by an URI. This holds for O-Telos
(axiom 3) and O-Telos-RDF(axiom 2.8) aswell, with the exceptionof literals
andsomepropertystatementsgtype etc.) which yield IDs thatarenot RFC 2396
conform.

In contrastto O-Telosandto RDF, O-Telos-RDFallows both globally or object
scopedproperties thoughthe globally scopedpropertiesarejust a specialcase
of the objectscopedproperties.So, ascanbe seenin example3, the definition
of propertiess objectcenteredandis includedin the classdefinitionratherthan
written outsideof the classdefinitionin separatestatementslf differentdomains
(asin RDF(S)) have to be expressedor a property this propertyhasto be an
objectscopedproperty Whenusingobjectscopedoropertiesdifferentrangesare
possible(in contrasto the currentRDF(S)specification).

2.1.5 Literals and Other Primitive Types

Literals| arerepresentedsindividualss(l,l,1,). Thesetof all literalsis denoted
by the individual otelos:literal. Other primitive types (like the onesdefinedin

the recentXML schemaspecification,or Integer, Boolean, etc. from O-Telos)
canbeintroducedin the sameway. While the statementDs for theseprimitive
individuals are no URIs, this representatiorallows us to usetheseindividuals
consistentlywith currentRDF(S)/XML statementdyy simply includingthevalue

in a statement.
Comparison to RDF(S) and O-Telos Axioms 5 and6 of [3] declarea literal

asanobjectthatis not a resource.Theseliterals areinstancef rdfs:Literal. In
contrasto RDF(S),0O-Telos(andO-Telos-RDF)declarepredefinedtlassessuch
asLiteral (String),Boolean Integer, etc.

2.2 SchemaDefinition Conceptsand Predicates
2.2.1 type

Statementsf theform s(sid,x,type,ydenoteclassmembershimf x in y. We talk
aboutx beinganinstanceof y, wherex andy represengithertwo individualsor
two properties.



Axiom 2.10 Typestatementsanbewritten usingthe auxiliary predicatetype(X,y):
Vsid, z,y s(sid, z, type, y) = type(z,y)

Axiom 2.11 All statementsyhele subjectand objectare differentfromthe statementD

and which usethe label “type”, are instancesof the setotelos:type representedoy the

statemens(otelos:type,otelos:stament,typ@telosstatement):

Vsid, z, c s(sid, z, type, c) A (sid # ) A (sid # ¢) < type(sid, otelos : type)
Axiom 2.12 Thelabel“type” of thesestatementss uniquein conjunctiorwith thesource
objectx andthe destinationobjecty. Thestatementdentifiersid hastherefore the form
X_typey:

Vsidl, sid2, x,p,y s(sidl, z,p,y) A s(sid2,z,p,y) A (p = type) = (sidl = sid2)
Axiom 2.13 Propertystatementsanbewrittenwith the nameof the property(insteadof
a new label) by usingthe auxiliary predicateP(x,m,y):

Vsidl, sid2,z,1,y,c,m,d s(sidl, z,l,y) A s(sid2, c, m,d) A type(sidl, sid2) = P(z, m,y)
Axiom 2.14 PropertiesP of a subjectx are alwaysexpressedas a property statement,
whidh is aninstantiationof a propertydefinitionfor the classc of which x is a membeiof:

Va,l,y,c,m,d, sidl, sid2 type(z,c) A P(z,m,y) A s(sidl, c,m,d)

= ds(sid2, z,1,y) A type(sid2, sidl)
Axiom 2.15 In casex is aninstanceof two classex andd, which bothdefinea property
m, X hasalsoto beaninstanceof a classg, which is a subclas®f bothc andd, andwhich
alsodefinegpropertym:

Vo, m,y, e, d,sidl, sid2,e, f (type(z, c) A type(z, d) A s(sidl,c,m,e) A s(sid2,d, m, f)

= dg, sid3, h type(z, g) A s(sid3, g, m,h) A subClassO f(g, ¢) A subClassO f(g,d))

Axiom 2.15 handlesmultiple inheritance/instantiatiowheretwo classesof an
objectbothdefinea commonproperty by demandingthird classtheobjectis an
instanceof, which definegthis propertyandmakesnstantiatingthe propertyfor x

unique.
Example 4: The following example shavs the useof type-statementsLet us
assumethatthereis anindividual calledLectureUnitthathasa propertyof type
Stringlabeledtitle. An individual calledLectureUnitlis aninstanceof Lecture-
Unit andinstantiateghe propertytitle with the value“Lecture Unit 1”. The ex-
amplesusethe namespacedlf:, rdfs:, s:, t: andotelos:insteadof the URIs with
thestatement-declarations.
<ot el os: OTELCS

<otelos:class I D="LectureUnit"><title s="otelos:literal">

</ otel os: cl ass>

<otel os:individual |D="LectureUnitl">

<type s="t:LectureUnit"/><title>Lecture Unit 1</title>

</ otel os:indivi dual >

<otel os:property ID="LectureUnitl title"><type s="t:LectureUnit title"/>

</ otel os: property>
</ ot el os: OTELCS>



We have four mainstatementandtwo type statements

s(sidl, sidl, LectureUnit,sidl),s(sid2, sidl,title,otelos:literal),
s(sid3,sid3, LectureUnitl, sid3),s(sid4,sid3,title,"Lecture Unit 1"),
s(si db, sid3,type,sidl), s(sid6,sid4,type,sid2)

In the following, we will not explicitly specifythetype statementor properties
like “LectureUnitLtitle” in the XML serializationwheneer the label of thein-
stantiatedpropertyis the sameasthe label usedin the definition of thatproperty
andanexplicit type statements includedfor the objectthe instantiatedoroperty
is associatedo. Thesetypedefinitiontuplescanbeinferredby the O-Telos-RDF
parserby using the label to look up the appropriateproperty definition within
the classspecifiedby the type statemenfor the object containingthe instanti-
atedproperty If the label of the instantiatedpropertystatements differentfrom
the label usedin the propertydefinition (usedfor multivaluedpropertiesandin
metamodelingapplications),we canusean XML serializationfor instantiated
propertieswhich includesthe type of the instantiatedoropertyas an additional
XML-attribute “type="to geta compactserialization.

Comparisonto RDF(S)and O-Telos Instantiation®f classesising“type” are
donein thesamewayin RDF(S)asin O-Telos-RDFaxioms2.12and2.10(corre-
spondingo the O-Telosaxioms4 and5). Furthermorepbjectscaninstantiatethe
attributesdefinedin their classesn the sameway in RDF(S)and O-Telos-RDF
(axioms2.13and?2.14,correspondingo O-Telosaxioms7, 8 and9). Axiom 2.11
correspondso the O-Telosaxioms27 and20. Differentlyto RDF(S),otelos:type
standsonits own andis differentfrom otelos:propertyaxiom?2.11,corresponding
to O-Telosaxiom20).

Axiom 2.15 (correspondingto O-Telos axiom 17) handles multiple inheri-
tance/instantiationSuchanaxiomis notnecessaryn RDF(S)becaus@roperties
are definedseparatelyffrom classesaryway, and a given propertycan have just
onerangerestriction. Axiom 2.13 (correspondingo O-Telosaxioms7 and 8)
defineshow to statepropertiesn anRDF(S)-likeway. We canthereforetranslate
RDF(S)-like property statementdike P(x,m,y)into the correspondingd-Telos-
RDF statementdy generatinga uniqueobjectidentifieranda labelfor the state-
mentrepresentingheinstantiategropertystatementplusanadditionalstatement
for theinstantiationrelationship.

In contrasto RDF(S)[3], which only hasthreeabstractiorhierarchiegrdfs:class,
classeswhichareinstance®f rdfs:classandinstance®f theseclassesandrepre-
sentgpropertyinstantiationmplicitly (i.e.notby explicit statementsD-Telosand
henceO-Telos-RDFallow arbitrarily mary abstractiorhierarchiespbecauseheir
representatiodoesnot distinguishbetweermetaclasseslassesandobjects,and
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instantiationis represente@xplicitly for propertiesaswell asfor individuals,as
definedin axioms 2.13and2.14 (correspondindgo O-Telosaxioms7, 8 and 9.
This leadsto instantiatedoropertystatementswhich have a (possibly)different
labelthanthe propertydefinitionsthey instantiate andwhich canbe instantiated
againif neededThisis differentfrom RDF(S),whereinstantiationis only explicit
for individuals?

2.2.2 Domain and Range

Domainandrangepropertiedike thosein RDF(S)arenot neededasdomainand
rangerestrictionsarealreadyincludedin all propertydefinitions.
Axiom 2.16 Subject@andobjectsin a statementepresentinganinstantiatedpropertyare
typedby the correspondingpropertydefinition:

Vsidl, sid2,z, 1,y s(sidl, z,1,y) A type(sidl, sid2)

= e, p, 1 s(sid2, ¢, p,r) Atype(z, c) Atype(y,r)
If nodomainor rangerestrictionsaredesiredor a propertyp, it canbedefinedas
aglobally scopedpropertyby s(ns:p,otelos:statement,p,otelos:statement).

Comparisonto RDF(S)and O-Telos In contrastto O-Telos-RDFRDF(S)has
to statedomainandrangeusingseparateroperties.[3] definethe domainprop-
ertyin rules19to 21. It hasa cardinalityof zeroor morewhich complieswith O-

Telos-RDF Furthermore[3] definetherangepropertyin rules22to 26. RDF(S)
restrictsthe rangepropertyto onerangeconstrainfperproperty In contrasteach
O-Telos-RDFproperty definition has exactly one rangeconstraint,but for dif-

ferentdomainsdifferent propertydefinitionswith rangeconstraintsare possible
(axiom2.16). This correspond$o O-Telosandits axiom 14.

2.2.3 subClassOf

Statement®f the form s(sid,x,subClassOf,ydenotea subclasgelationshipbe-
tweenx andy. We talk aboutx beinga subclas®f y, wherex represents class
andy its superclassx andy areindividuals.

Axiom 2.17 The label “subClassOf in subClassOf-statements uniquein conjunc-

tion with the source object x and the destinationobjecty, thus sids are of the form

x_subClassOf:

Vsidl, sid2, x, 1,y s(sidl, x, 1, y) A s(sid2,z, 1, y) A (I = subClassO f) = (sid]l = sid2)

2The missingexplicit instantiationof propertiesin RDF(S)is actually the main reasonfor

its restrictionto threeabstractiorlevels, asinstantiatedpropertystatementseitherhave a label

nor statementD, which makesit impossibleto uniquelyreferencehesestatementasfirst class

objects.
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Axiom 2.18 We canalsodefinean auxiliary predicatesubClassOf(x,y):
Vsid, ¢, d s(sid, c, subClassO f,d) = subClassO f(c, d)

Axiom 2.19 The set of all subClassOf-st@mentsis representedby the statement
s(otelos:subClasstbtelos:individud, subClassOf,otekindividual).
Axiom 2.20 All statementsvith a label “subClassOf whosesid is not equalto subject
andobjectare member®of thesetotelos:subClass©

Vsid, ¢, d s(sid, ¢, subClassO f, d) A (sid # c) A (sid # d)

< type(sid, otelos : subClassO f)
The subClassOfelationshipis a partial orderon the statementdentifiers,which
is reflexive aswell astransitve, anddoesnot containcycles, but usesreflexivity
to stateequality We omit the correspondingxiomsbecaus@f spaceconstraints.
Axiom 2.21 Classmembershijis inheritedupwardly to the supeclasses:

Va, ¢, d type(z, d) A subClassO f(d, c¢) = type(z, c)

Comparisonto RDF(S) and O-Telos Our O-Telosaxiomscorrespondlosely
to the O-Telos and RDF(S) axioms. Contrary to RDF(S), the subClassOf-
relationshipis definedasa partial order which is reflexive aswell astransitve.
subclassOfloesnotcontaincycles,but usegeflexivity justto stateequality Class
membershipnheritsupwardlyto the superclasseis all formalisms.

2.2.4 subPropertyOf

Axiom 2.22 Subclasseswhich definepropertieswith the samenameas propertiesof
their classesrefinetheseproperties:
Vsidl, sid2,c,d, e, f,m subClassO f(d, c) A s(sidl,c,m,e) A s(sid2,d, m, f)
= subClassO f(f,e) A subPropertyO f(sid2, sidl)
Axiom 2.23 Furthermoee, O-Telos-RDFrequires subpopertiesof propertiesto refine
subjectand objectof the propertiesaswell.
Vsidl, sid2, c,d, e, f, m,l subPropertyO f(sid2, sid1) A s(sidl,c,m,e)
As(sid2,d,l, f) = subClassO f(d, c) A subClassO f(f,e)
For compatibility reasondo RDF(S),we defineotelos:subPropertyGfeparately
from subClassOfeven thoughit hasall axiomsfrom subClassOfplus addi-
tional oneswhich are relevantfor subPropertyObnly. Statement®f the form
s(sid,x,subPropertyOf,ygenotea subpropertyelationshipbetweernx andy.
As for “subClassOf, the label “subPropertyOf in statementss uniquein con-
junctionwith the sourceobjectx andthe destinatiorobjecty, the subPropertyOf
relationshipis againa partial order on the statementidentifiers, and property
memberships inherited upwardly to the superproperties.All subPropertyOf-
statementsare membersof the set otelos:subPropertyOfwhich is repre-
sentedby the statements(otelos:subPropertyOf,otelos:propestypPrpertyOf,
otelos:property).
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Comparison to RDF(S) and O-Telos Closeto otelos:subClassOfreats O-

Telos-RDF otelos:subPropertyOflike O-Telos, which does not distinguish
thesetwo conceptsat all). This being consistentwith RDF(S), [3] defines
rdfs:subPropertyOvery similar to rdfs:subClassOf.O-Telosand O-Telos-RDF
declarea specialsetfor the subPropertyOf-statement®ropertymembershipn

O-Telos-RDFis inheritedupwardlyto the superclasseq3] hasto definethis by

introducingnew statement$or superpropertie§ule 17),asnoinstantiatiorstate-
mentsfor propertiesexist in RDF(S).Axioms 2.22and2.23(0O-Telosaxioms15

and16)do notexistin RDF(S).

Dueto spaceconstraintsye arenot ableto includethe specificationof contain-
erslike rdf:Seqin O-Telos-RDF but referthereaderto the extendedreport. The
O-Telos-RDFspecificatiorexploits the possibility to statepropertiesaboutprop-
erties,and canavoid the introductionof untypedcontainerdike rdf:Segwhich

have disadwantagedgor precisesemanticamodelling.

3 Discussion

In this paperwe describedhe formalizationof an RDF(S) extensioncalled O-
Telos-RDF which providesenhancedunctionalitiesfor meta-modelingandrei-
fied statements.The formalizationis basedclosely on the formalizationof the
modelinglanguageO-Telos,which is basedn a semantilmetworkmodelsimilar
to RDF(S).Axioms andconstraintsareclearly defined. In the longerreport,we
includeall theseaxioms,togethemith their counterpartsn O-TelosandRDF(S),
aswell assomelongerexamples.

Comparedvith RDF, O-Telos-RDFshaws its advantagesn allowing easiereifi-
cationof statementsandin metamodellingapplicationswheremorethanthree
abstractionhierarchiesare needed. Furthermore the classcentric approachto
propertydefinitionallows the definition of propertieswith the samenamefor dif-
ferentdomainswhich have differentrangegnot possiblein RDF(S)).
Thesepropertiesseemto make O-Telos-RDFmore similar to DAML+OIL than
RDF(S)is (in the senseghatDAML+OIL is moreeasily/naturallyrepresentech
O-Telos-RDFthanin RDF(S)).A detaileddiscussiorof this relationshipwill be
includedin aforthcomingreport,togethemwith adiscussiorof thereasoningunc-
tionalititiesfor O-Telos-RDFbasedon Datalog-.

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 possiblejf the O-Telos-RDFdefinitionsdon't useO-Telos-RDF
specificextensionsge.g.morethanthreeabstractiorlevels, or propertiesof prop-
erties.
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