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ABSTRACT

In this papemwe will describetheformalizationof anRDF(S)vari-
antwe call O-Telos-RDFEwhich pravidesenhancedunctionalities
for meta-modelingand reified statements. This formalizationis
basedvery closelyon the formalizationof the modelinglanguage
O-Telos,whichis basednasemantimetwork modelquite similar
to RDF(S),and hasbeenusedas a (meta)modelinglanguagein
variousapplicationareaduringthelast10years.

1. INTRODUCTION

RDF(S)[5, 3] is basedon the simple,yet quite powverful model
of semantimnetworks, whereevery statements expressedsa bi-
nary predicateon groundargumentswith the nodesin the graph
denotingarbitraryresourcesindliteralswhich areusedassubjects
andobjectsof statementsandthe arcsdenotingspecificrelation-
shipsbetweertwo of thesenodes.

RDF(S) falls short however in exploiting both the simplicity
and the expressiity of the underlyingsemanticnetwork formal-
ism. The RDF(S) description(see[5] and [3]) is quite difficult
to read and lacks a formal descriptionof semanticgthough[4]
haslater given quite a good formalization). Additionally, meta-
modelingandreificationis cumbersomeandrestrictedin RDF(S),
eventhoughit hasbeenenvisionedasoneof theimportantapplica-
tion areaf RDF(S).

In an earlier paper[13], we have pointed out the dual use of
propertiedik e subclasandtypebothasprimitive (metaleel) con-
ceptsto definethe RDF(S) concepthierarchyaswell asconcepts
definedin RDF(S)itself, and have proposeda metamodelingap-
proachseparatingheseuses which is morein line with alayered
metamodelingapproachsuchasdescribedn [6]. More recently
[14] proposed layeredversionof RDF(S)calledRDFS(FA) moti-
vatedby the sameobsenations.

In this papemwe will usethe (meta-)modelinglanguageD-Telos
as a basisfor an alternatve resourcedescriptionformat we call
O-Telos-RDF which retainsthe basic principles of RDF(S), but
extendsits meta-modelingand reification functionalities. Primi-
tive conceptdik e subclassaindtype arestrictly axiomatizedn this

Permissionto make digital or hard copiesof all or part of this work for

personalor classroonuseis grantedwithout fee provided that copiesare
not madeor distributedfor profit or commercialadwantageandthatcopies
bearthis noticeandthefull citationonthefirst page.To copy otherwiseto

republish to poston senersor to redistriluteto lists, requiresprior specific
permissiorand/orafee.

Copyright 2000ACM 0-89791-88-6/97/05$5.00

language and can be usedtogetherwith the other O-Telos-RDF
conceptsto formalize descriptionson all abstractionlevels. The
modelinglanguageO-Telos hasbeendefinedand axiomatizedin
[8], basedon its predecessofelos[11, 10], andimplementedn
thedeductve objectorienteddatabaseystemConceptBasé7]. It
hasbeenusedin a variety of modeling contets (see[9] for an
overview) duringthelast10years.

The extendedfunctionalitiesof O-Telos-RDFare basedon O-
Telos’ useof a semantionetwork (i.e. binary predicatesfor mod-
eling in auniformway all kinds of information(informationabout
objectsandspecificrelationshipshetweentheseobjects,informa-
tion about classesand relations, information about metaclasses,
etc.) This capabilityis alsopresentin mary aspectof RDF(S),
but unfortunatelynot in all, aswe will seein this paper Using
semantinetworks for modelinghasa long tradition, startingwith
Tarskisuseof binary relations[16], and continuingwith Abrials
semantiaddatamodebasedn suchbinaryrelations[1].

We will usethe paperby ConenandKlapsing[4] asa starting
pointfor the descriptionof our RDF(S)variant,O-Telos-RDF and
retainbasicallyall original O-Telosaxiomsfrom [8], only modify-
ing themwhennecessaryo make themsuitablefor a resourcede-
scriptionformatcomparabléo RDF(S).Wewill useRDF(S)termi-
nologywheneer possible. Our orderof presentinghedifferentO-
Telos-RDFconceptgeflectsthe orderof RDF(S)conceptpresen-
tationin [4] which will male it easierfor knowledgeableRDF(S)
usersto compareRDF(S) andthe O-Telos-RDFvariant. We will
alsousean XML serializationsimilar to the original RDF(S) se-
rialization in orderto necessitatasfew changesn currentRDF
parsersaspossiblet

2. O-TELOS-RDF CONCEPTS

O-Telos-RDFgraphsare semanticnetworks, which consistof
nodesand (directed)arcs. Nodesrepresengll kinds of concepts
(suchasclassesmetaclassestc.) andindividuals (suchas spe-
cific WWW pagesand literals), arcsrepresenspecific(property)
relationships.

Both nodesandarcsarelabeledwith atomicvaluesor URIs as
names. They arebothfirst classentities,andthereforeare refer
encedby IDs (uniquewithin the currentnamespace)suallyin the
form of URIs, which either containthe nodeor arc label (if it is
an atomicvalue), or usethe label directly asID (whenthe labels

!Note, thatin anearlierversionof this report[12], we useda seri-

alizationwhich did not assumeary knowledgeaboutan O-Telos-

RDF specificsemanticssothata currentRDF parsetlike SiRPac

[15] couldproducehecorrectO-Telos-RDRuplesfrom this serial-

ization. Our currentserializationnecessitatesomesmall changes
in SiRPac,but is morecompacthanour previous serialization.



are URLSs or instancef primitive typeslike literals). By refer
encingtheselDs, arcscanconnectary two otherentities(i.e. two
nodes,onenodeandonearc or two arcs),in contrastto RDF(S),
wherearcsonly connectresourcegi.e. nodes).As in RDF(S)[4],
all nodeshave differentlabels,andrepresentifferententities.Arc
labelsare not unique,two arcsbetweentwo specificentitieshave
differentlabels,however.

In the following we will discussthe basic O-Telos-RDFcon-
ceptsbuilding on this framevork in more detail, give examples
using both tuple and XML-syntax, and comparethe O-Telos-
RDF conceptswith the original O-Telos axiomsthey are based
on, as well as with the usual RDF(S) concepts. We will use
the namespaceonceptof XML andusethe namespacéotelos:”
throughoutthis paper refering to the URI “http://www.kbs.uni-
hannwer.de/otelos/2001/08/otelos-rdf-schema#hich contains
the O-Telos-RDFdefinitionsof this paper

To allow easycomparisonof O-Telos-RDFwith RDF(S), we
mainly follow the structureof [4] (distinguishingbasicconcepts
(correspondingo RDF conceptsandschemdevel conceptqcor
respondingto RDFS concepts))even though O-Telos-RDFdoes
notdistinguishbetweerschemdevel andobjectlevel statements.

2.1 Basic O-Telos-RDF Conceptsand Predi-
cates

2.1.1 Statement

All nodesandarcsin an O-Telos-RDFgrapharerepresentetly
statementsf the generaform s(sid,x,l,y)wheresid representshe
statementD (a uniqueidentifier of the statement)x andy rep-
resentidentifiersof (possiblyother)statementsnd| is calledthe
label of the statementAll statementdentifierssid areURIs or as
URI-like aspossibleandareuniqueglobally (exceptwhenexactly
the samestatementsremadein two differentplaces).

We call x the subject,y theobjectandl the predicateof a state-
ment. All statementsn O-Telos-RDFare implicitly reified, and
canbeidentifiedby their statementD. We thereforehave thefirst
axiom:

Axiom 2.1. Statemenidentifiers uniquelyidentify statements:

Vsid, z1,22,11,12,y1, y2
s(sid, £1,11,y1) A s(sid, 22,12, y2)
= (el =22) A(yl =y2) A (11 =12)

We candefineauxiliary predicatesubject predicateandobject
asfollows:

Vsid,c,p,r s(sid,c,p,T)
& subject(sid, c) A predicate(sid, p) A object(sid, )

Example 1: This examplegivesa first impressionof how the
resulting statementdook like. The exact definitionsof the used
constructawill follow in later sections.We wantto expressthata
resourcélLectureUnitl” hasaproperty“title” with thevalue“Lec-
tureUnit 1”.

The XML-serialization(which we keepassimilarto RDF(S)as
possible- seeappendixA for thebasicXML serialisation)ooksas
follows:

<ot el os: Description | D="LectureUnit1l">
<title>Lecture Unit 1</title>
</ otel os: Descri pti on>

Thestatement$or this serializationare

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)

where

sidl=ns: LectureUnitl

sid2=ns: LectureUnitl title

si d3=ns: LectureUni t _type_otel os:indi vi dual
sid4=bns: LectureUnitl_title_type_otel os:property

and “ns:” standsfor the currentnamespacepecifyingwhere
thesemetadat@anbefound(e.g. “http://www.kbs.uni-hanneer.de
/ail/metadata.html#?. The statementdentifiersaregeneratedu-
tomaticallyfrom the otheragumentswe’ll discusshow later),so
they do nothave to beincludedin the XML serialization.

Tupelssid3 and sid4 specify membershipof sid1 and sid2 in
the (predefined)O-Telos-RDF classesotelos:indvidual and ote-
los:propertyrespectiely (similar to rdfs:classand rdf:property),
andarethemselesmemberf the O-Telos-RDFclassotelos:type.
As we will seein thefollowing sectionsmembershipn thesepre-
definedclassess specifiedby the syntacticform of the statements,
andwe will notincludethesetype-statements ourlaterexamples,
asthey canalways be reconstructedrom the axiomaticmember
shipdefinition(2.3,2.5and2.10)for thesepredefined:lasses.

Example 2: This examplestateshata web pagewith the URI
“http://.../Definitions.html”’hasatitle called“Definitions”.

<ot el os: Descri ption
about="http://.../Definition. htm">
<title>Definitions</title>
</ ot el os: Descri pti on>

Thecorrespondingtatementare

s(sidl,sidl, http://.../Definitions.htm,sidl)
s(sid2,sidl, title,"Definitions")

where

sidl=http://.../Definitions. htm
sid2=http://.../Definitions.htm _title

Additionally, asalreadymentionedn examplel, sidlisinstance
of otelos:indvidual while sid2 is instanceof otelos:property Fur-
thermorethesetwo type-statementareinstance®f otelos:type.

2.1.1.1 Comparisorto RDF(S)andO-Telos.

Axiom 2.1 correspondgo the O-Telos axiom 1 (uniqueness
of objectidentifiers). O-Telos-RDFstatementdentifiersare con-
structedasURIs or URI-likeidentifiersin orderto beableto refer
encethemeasilyin otherstatementsln contrasto O-Telosobject
identifiers they arenotinvisible. Theirexactform will bediscussed
in the following sections.In constrasto RDF(S),thereis no dif-
ferencebetweerfnamed”and“unnamed’resourcesall statements
have uniquelDs. For Web-RagesthesearetheusualURLs.

Axiom 1 of [4] statesthatan RDF(S) statementonnectstwo
nodeswith a label. The label hasto be RFC 2396 [2] conform,
statementglo not have a uniquelD. In O-Telos-RDF labelscan
alsobe atomicvalues,while statementDs areuniqueandusually
conformto RFC2396.

%In the following, we will abbreiate these URLs to save
space,leaving out hostnameand directories,and useforms like
“http://.../metadata.html#”.



Analogouslyto RDF(S),we call x the subjecty the objectand|
the predicateof a statementalthoughwe have not definedthemas
predefinecpropertiewhich we could,though).

All statementsn O-Telos-RDFareimplicitly reified, and can
be identified by their statementD. Thuswe don' have to reify a
statemenexplicitly which contrastavith the axioms7, 8 and9 of
[4]. Insteadwhenonestatementalksaboutanotherstatementye
have to enforcethe existenceof the statementalked about. This is
basicallythesameasaforeignkey constrainin relationaldatabase
theory

In orderto explicitly distinguishbetweerstatementandexplicit
reificationsthereof similar to RDF(S) (and the [4] axioms), we
could definea classotelos:reifiedstatementwith threeproperties
otelos:subjectptelos:predicatandotelos:object.

2.1.2 Individual

Nodesin an O-Telos-RDFgrapharerepresentedby statements
of the form s(0,0,0,0)or s(ns:l,ns:l,I,ns:l),where o and ns:| are
URIs, nsis the currentnamespaceand| is an atomiclabel. We
call thesestatementéndividuals,they canbe usedassubjectsand
objectsin statements.

AxioM 2.2. The set of all statementsabbreviated as ote-
los:statementis reprsentedby the individual s(otelos:state-
ment,otelos:statement,statement,otelos:statementlere  “ote-
los:” is thenamespacéor the O-Telos-RDFdefinitions.

SerializedasXML, thisindividualis simply declaredas

<ot el os: I ndi vi dual | D="statenent"/>

or, moreRDF(S)-like

<otel os: Description | D="statenent"/>
<type s="otel os:individual"/>
</ otel os: descri pti on>

Again, the type-statemen{which will be explained in sec-
tion 2.2.1) is notreally necessapyasmembershipf statementin
the setof individualsis definedby the syntacticform of the state-
ment.

Axiom 2.3. The setof all individualsis representedby ote-
los:individualor (in longer form) s(otelos:individual,otelos:indivi-
dual,individual,otelos:individual).

O-Telos-RDFindividualscanrepresenboth classesndinstan-
tiatedobjects(aswell asmetaclassesnetametaclassestc.),there
is no syntacticdistinction betweenthesedifferentabstractioriev-
els. This makesunrestrictednetamodellindhierarchiegpossiblein
O-Telos-RDF

Axiom 2.4. If thelabel of anindividualis anatom.,it is unique
within its namespaceTogetherwith its namespaceor if the label
is alreadyan URI, it is uniqueglobally. Theefore the statementD
of anindividualis uniquegloballyin all cases.

In thefollowing, we will usethe statementD of anindividual
asan abbreiated namefor thatindividual, i.e. we will betalking
aboutotelos:statementgtelos:indvidual, etc. As the statementD
is uniqgueandhumanreadablewe canusethis ID alsoto reference
all otherstatementsyhich arenotindividuals.

Example 3: Thefollowing exampledeclaresanindividual with
thename”LectureUnitl”:

<ot el os: I ndi vi dual | D="LectureUnit1"/>

with thecorrespondingtatement
s(sidl, sidl, LectureUnitl,sidl)
where

sidl=ns: LectureUnitl

2.1.2.1 Comparisorto RDF(S)and O-Telos.

In O-Telos-RDF all individuals are resourcesin the usual
RDF(S) sense,and can be usedas subjectsand objectsin state-
ments. O-Telosstateghe existenceof statementén its axioms18
and24 which correspondo axiom?2.2 of O-Telos-RDFE

Axioms 1 and 2 of [4] statethe existenceof Resourcewhich
is equalto the O-Telos-RDFconceptotelos:indvidual (seeaxiom
2.3),which correspondso the O-Telosaxioms19 and253

Axiom 4 of [4] stateghata namedResources identifiedby an
URI. O-Telos-RDFbroadenghe scopeof the identifierswith ax-
iom 2.4 sothatall individualsareidentifiedby anURI, andfurther
statementganbe madeabouteachindividual usingthis URI. La-
bels of individuals are uniquein O-Telos-RDF(correspondingo
O-Telosaxiom?2).

In contrasto RDF(S),0O-Telos-RDFrequiresthe declaratiorof
eachindividual/resourceso eachindividual is representedby its
correspondinguple. Writing down theseexplicit individual dec-
larationsfor all annotatecandusedURLSs canbetime consuming,
though,anda smartparsercangeneratehe correspondinduples
for eachURL automatically In the following, we will therefore
usean XML serializationwhich doesnot requireexplicit individ-
ualdeclarationgor URLs, andleave it to the parserto generatehe
correspondinguplefor eachURL it encounters.

2.1.3 Class

We includea shortdiscussiorof classatthis point, eventhough
classis a schemadefinition conceptwhich RDF(S)definesin the
schemaspecificationnotin the basicmodelandsyntaxspecifica-
tion.

Thereasorfor thisis that,in O-Telos-RDFindividualsrepresent
both objectsand classes. As all individuals can be instantiated,
thereis no needto introducea separatelassconcept.All RDF(S)
classesare representeds O-Telos-RDFindividuals, as are their
r2ne2mbers.CIassmemberships definedusingtype-statementtsee

2.0

To enhancereadability we define an individual otelos:class,
which denoteghe samesetasotelos:indvidual, anduseboth ote-
los:classand otelos:indvidual in our XML serialization. Note,
however, thatthedistinctionof otelos:classandotelos:indvidual is
purely syntacticsugaranddoesnot indicateary semantiadistinc-
tion. Both termsaretranslatednto otelos:indvidual in the tuple
representation.

2.1.3.1 Comparisorto RDF(S)and O-Telos.

Even thoughRDF(S)definesthe conceptrdfs:Classno special
axiomsaredefinedn [4]. Ratheraxiomsaredefinedfor thespecial
propertiesrelatedto rdfs:Class hamelyrdf:type, rdfs:subClassOf,
rdfs:rangeandrdfs:domain.This is similar to the formalizationin
O-Telos-RDF which doesnot definethe classconceptat all, but
hassimilar restrictionson the propertiegelatedto this concept.

31f we view somethingasaresourcavhich canbereferencedby an
identifier, “resource”would correspondo “statement’in O-Telos-
RDF, though.



2.1.4 Property

Arcs arerepresentetly statementsf theform s(sid,x,p,y)or by
the specialcases(ns:p,otelos:statement,p,with sid # X, sid # y,
ns:p# otelos:statemertndns:p+# y, andp differentfrom thethree
resenedlabelstype,subClassOandsubPropertyOf\We call these
statementproperties:

Axiom 2.5. Definitionof properties:

Vsid,xz,p,y

s(sid, z,p,y) A (sid # ) A (sid # y) A (p # subClassOf)
A(p # subPropertyOf) A (p # type)

& type(sid, otelos : property)

AxioM 2.6. Thesetof all propertiesis denotedby the state-
ment (otelos:popertyotelos:statement,ppertyotelos:statement),
abbreviatedasotelos:poperty

2.1.4.1 ObjectScopedProperties.

In thefirst cases(sid,x,p,y)p is anatomicvalue,andis unique
within the currentnamespac# conjunctionwith the sourceobject
X, whichis the uniqueidentifier of anotherstatementThenthe sid
is of the form x_p, which is uniquein the currentnamespaceand
potentiallyuniqueglobally (exceptif anothemamespacepecifies
apropertywith the samelabelfor the samex). This namingof the
statementdentifiersdoesnot guaranteglobally uniquestatement
IDs, but is in line with the objectscopedway of looking at proper
ties.* If the propertys(sid,x,p,y)is meantto representhe property
definitionfor p, then(usingRDF(S)terminology),x is the domain
of p andy is therangeof p.

We thencall p an objectscopedproperty This definition cor
respondgto the class-centriovay of defining propertiesusedin
frame-basethnguagedike O-Telos.

AxiomMm 2.7. Namesof “object scoped”propertiesare unique
in conjunctionwith the source object:

Vsidl, sid2, x,p, yl,y2

s(stdl, z,p,yl) A s(sid2, z,p,y2)

= (sid1l = sid2) V (p = type) V (p = subClassOf)
V(p = subPropertyO f)

Example 4: The following descriptiondefinesLectureUnit,
which hasa propertynameditle of typeliteral.

<otelos: Cass | D="LectureUnit">
<title s="otelos:Literal ">
</ otel os: d ass>

with themainstatements

s(sidl, sidl, LectureUnit, sidl)
s(sid2,sidl,title,otelos:Literal)

“Note, that duplicate property statementsare also possiblein

RDF(S) betweendifferent namespacesin ary case,even if we

definedthe statementdentifiersin a globally uniqueway (which

would be possibleby prefixing the ID with the currentnames-
pace),integrationof statementdrom differentnamespacewould

still needto be dealtwith care,asglobally uniquestatementDs

would only handleuniquenessf statementshut still allow incon-
sisteny of properties(suchas multiple valuesfor single valued
propertiesetc.)

with

sidl=ns: LectureUnit
sid2=ns: LectureUnit _title

sid1lis amemberof thesetotelos:indvidual, sid2is amemberof
the setotelos:property Both membership-statementgse member
of the setotelos:type.

2.1.4.2 Globally ScopedProperties.

In the secondspecial)cases(ns:p,otelos:statement,p,p)is an
atomicvalue,andis auniquelabelwithin thecurrentnamespacas.
We thencall p a globally scopedproperty becausét canbe used
aspropertyfor all kindsof statementsThis definitioncorresponds
to the property-centriavay of definingpropertiesn RDF(S).

Axiom 2.8. For “globally scoped”propertiesaxiom?2.7is ex-
tendedsothatthenamesof attributesare uniqueevenwithoutcon-
junctionwith the source object:

Vsidl, xl, 22, p,yl, y2

s(ns:p,zl,p,yl) A s(sidl, z2,p,y2)

= ((stdl = ns : p) A (x1 = 22) A (y1 = y2))
V(p = type) V (p = subClassOf)

V(p = subPropertyOf)

2.1.4.3 Comparisorto RDF(S)andO-Telos.

O-Telos-RDFaxiom 2.7 correspondso O-Telosaxiom 3. Ax-
ioms2.5and2.6 correspondo O-Telosaxioms22 and26.

RDF(S) regardspropertiesas a projectionof the secondargu-
mentof the RDF-statementThereford4] statewith theiraxioms2
and3thateachlabelof astatemenis aresourceandthatit is identi-
fiedby anURI. Thisholdsfor O-Telos(axiom3) andO-Telos-RDF
(axiom 2.7) aswell, with the exceptionof literals and someprop-
erty statementgtype etc.) which yield IDs thatarenot RFC 2396
conform.

In contrastto O-Telosund to RDF, O-Telos-RDFallows both
globally or object scopedproperties,thoughthe globally scoped
propertiesrejustaspeciakaseof theobjectscopegropertiesSo,
ascanbe seenin example4, the definition of propertiess object
centeredandis includedin the classdefinition ratherthanwritten
outsideof the classdefinitionin separatestatements.

If differentdomains(asin RDF(S))have to be expressedor a
property this propertyhasto be an objectscopedproperty When
using object scopedproperties,different rangesare possible(in
contrasto the currentRDF(S)specification).

2.1.5 LiteralsandOtherPrimitive Types

Literals| arerepresentedsindividualss(l,l,I,I). The setof all
literalsis denotedby the individual otelos:literal. Other primitive
types(like the onesdefinedin the recentXML schemaspecifica-
tion, or Integer, Boolean,etc. from O-Telos)canbe introducedin
thesameway.

While the statementDs for theseprimitive individuals are no
URIs, thisrepresentatioallows usto usetheseindividualsconsis-
tently with currentRDF(S)/XML statementshy simply including
thevaluein astatement.

2.1.5.1 Comparisorto RDF(S)andO-Telos.

Axioms 5 and 6 of [4] declarea literal asan objectthatis not
aresource.Theseliterals areinstance®f rdfs:Literal. In contrast,
O-Telos(andO-Telos-RDFdeclarepredefineatlassessuchasLit-
eral (String), Boolean Integer, etc.



2.2 Schema Definition Concepts and Predi-
cates

2.2.1 type

Statement®f the form s(sid,x,type,y)Xenoteclassmembership
of x in y. We talk aboutx beinganinstanceof y, wherex andy
representithertwo individualsor two properties.

AXxioM 2.9. Typestatementsanbewritten usingtheauxiliary
predicatetype(x,y):

Vsid, x,y
s(sid, z, type, y) = type(z,y)

AxiomM 2.10. All statementsyhele subjectand objectare dif-
ferent from the statementlD and which use the label “type”,
are instancesof the set otelos:type representedoy the statement
s(otelos:typmtelos:statement,typrelos:statement):

Vsid,z,c
s(sid, xz,type,c) A (sid # x) A (sid # ¢)
& type(sid, otelos : type)

AXxioM 2.11. Thelabel“type” of thesestatementss uniquein
conjunctionwith the souice objectx and the destinationobjecty.
Thestatementdentifier sid hastherefore the form x_typey:

Vsidl, sid2,z,p,y
s(sidl, z,p,y) A s(sid2,z,p,y) A (p = type)
= (sidl = sid2)

AXxioM 2.12. Propertystatementsanbewrittenwith thename
of theproperty(insteadof a new label) by usingthe auxiliary pred-
icate P(x,m,y):

Vsidl, sid2, x,l, y,c,m,d
s(sidl, z,l,y) A s(sid2,c,m,d) A type(sidl, sid2)
= P(z,m,y)

Axiom 2.13. PropertiesP of a subjectx are alwaysexpressed
as a property statementwhich is an instantiation of a property
definitionfor the classc of which x is a membeiof:

Vz,l,y,c,m,d, sidl, sid2
type(z,c) A P(x,m,y) A s(sidl,c,m,d)
= 3s(sid2, z,1,y) A type(sid2, sidl)

AXIOoM 2.14. In casex is an instanceof two classesc and d,
which both definea property m, x hasalsoto be an instanceof a
classg, which is a subclasf bothc andd, andwhich alsodefines
propertym:

Yz, m,y,c,d, sidl, sid2,e, f

(type(z,c) A type(z,d) A s(sidl, c, m,e) A s(sid2,d, m, f)
= g, s1d3, h type(x, g) A s(sid3, g, m,h)
AsubClassOf(g,c) A subClassOf(g,d))

The axiom 2.14 handlesmultiple inheritance/instantiatiotin
casetwo classef an objectboth definea commonproperty by
demandinga third classthe objectis aninstanceof, which defines
this propertyandthusmalesinstantiatinghepropertyfor x unique.

Example 5: The following example shavs the use of type-
statementsLet us assumethatthereis anindividual called Lec-
tureUnitthat hasa propertyof type String labeledtitle. Another
individual called LectureUnitlis an instanceof LectureUnitand
instantiateshe propertytitle with thevalue“Lecture Unit 1”.

Pleasenotethatthefollowing examplesusethenamespacesif:,
rdfs:, s:, t: and otelos: insteadof the URIs with the statement-
declarations. We abbreiated the URIs in orderto enhancethe
readabilityof theexamples.

<ot el os: OTELCS
xm ns:t="http://ww.kbs. uni - hannover. de/ ot el os
/ 2001/ 08/ exanpl e- 5#"
xm ns: ot el os="http://ww. kbs. uni - hannover. de
/ ot el os/ 2001/ 08/ ot el os-r df - schema#" >

<otelos: Cass | D="LectureUnit">
<title s="otelos:Literal">
</ otel os: d ass>

<ot el os: | ndi vi dual | D="LectureUnitl">
<type s="t:LectureUnit"/>
<title>Lecture Unit 1</title>

</ ot el os: I ndi vi dual >

<otel os: Property ID="LectureUnitl title">
<type s="t:LectureUnit_title"/>
</ ot el os: Property>

</ ot el os: OTELCS>

We have the mainstatements

s(sidl, sidl, LectureUnit, sidl)
s(sid2,sidl, title,otelos:Literal)
s(sid3,sid3, LectureUnitl,sid3)
s(sid4,sid3,title,"Lecture Unit 1")

andthetype statement$or LectureUnitlandLectureltitle

s(si d5, si d3,type, sidl)
s(si d6, sid4, type, sid2)

In the restof the paper we will not explicitly specifythe type
statemenfor propertieslike “LectureUnit1title” in the XML se-
rialization, wheneer the label of the instantiatedpropertyis the
sameasthelabelusedin the definition of that propertyandan ex-
plicit typestatemenis includedfor theobjecttheinstantiategrop-
ertyis associatedo. In thesecaseghetypedefinitiontuple canbe
inferred by the O-Telos-RDFparserby usingthe labelto look up
theappropriatgropertydefinitionwithin the classspecifiedby the
type statemenfor the objectcontainingthe instantiatedproperty
This allows an XML serializationvery similar to the RDF(S)seri-
alization.

If the label of the instantiatedproperty statements different
from thelabelusedin the propertydefinitior?, we will useanXML
serializationfor instantiatedpropertieswhich includesthe type of
the instantiatedoropertyas an additional XML-attribute “type=".
Usingthis serialization example5 looks asfollows:

<ot el os: OTELCS
xm ns:t="http://ww.kbs. uni - hannover. de/ ot el os

®Thisis usuallydonefor multivaluedpropertiesandin metamodel-
ing application(wherethepropertydefinitionis definedfor ameta-

classtheinstantiategropertyfor aninstantiatiorof thismetaclass,
andthereforewill beinstantiatedh secondime).



/ 2001/ 08/ exanpl e- 5#"
xm ns: ot el os="http://ww. kbs. uni - hannover. de
/ ot el os/ 2001/ 08/ ot el os- rdf - schema#" >

<otelos: d ass | D="LectureUnit">
<title s="otelos:Literal ">
</ otel os: Cl ass>

<ot el os: | ndi vi dual | D="LectureUnitl">
<type s="t:LectureUnit"/>
<title type="t:LectureUnit _title">
Lecture Unit 1</title>
</ ot el os: I ndi vi dual >

</ ot el os: OTELCS>

We do not needto specify type statementgor membershign
otelos:indvidual, otelos:propertyand otelos:typebecausehey re-
sultfrom therespectie axioms.

si dl=ns: LectureUnit

sid2=ns: LectureUnit _title

si d3=ns: LectureUnit1l

sid4=ns: LectureUnitl title

si d5=ns: LectureUnit1l_type_ns: LectureUnit
sid6="ns:Lecture Unit 1 type otelos:Literal"

2.2.1.1 Comparisorto RDF(S)andO-Telos.

Instantiation®of classesising“type” aredonein thesamewayin
RDF(S)asin O-Telos-RDFaxioms2.11and2.9(correspondingo
the O-Telosaxioms4 and5). Furthermorepbjectscaninstantiate
the attributesdefinedin their classedn the sameway in RDF(S)
andO-Telos-RDHaxioms2.12and2.13,correspondingo O-Telos
axioms7, 8 and9). Axiom 2.10correspond$o the O-Telosaxioms
27and20.

In contrastto RDF(S) [4], which only has three abstraction
hierarchies(rdfs:class,classeswhich are instancesof rdfs:class
and instancesof theseclasses)and representgroperty instan-
tiation implicitly (i.e. not by explicit statements)O-Telos and
henceO-Telos-RDFallow arbitrarily mary abstractiorhierarchies,
becauseheir representatiordoesnot distinguishbetweenmeta-
classesclassesndobjects andinstantiations representedxplic-
itly for propertiesaswell asfor individuals.

This instantiationof propertiesis definedin axioms?2.12 and
2.13(correspondingo O-Telosaxioms7, 8 and9), andleadsto in-
stantiategpropertystatementsyhich have a (possibly)differentla-
bel thanthe propertydefinitionsthey instantiateandwhich canbe
instantiatechgainif needed This is differentfrom RDF(S),where
instantiationis only explicit for individuals.®

Axiom 2.14(correspondingo O-Telosaxiom 17) handlesmul-
tiple inheritance/instantiationSuchan axiomis not necessaryn
RDF(S)becaus@ropertieaaredefinedseparatelyrom classesury-
way, anda givenpropertycanhave just onerangerestriction.

Differentlyto RDF(S),otelos:typestandson its own andis dif-
ferentfrom otelos:propertfaxiom2.10,correspondingo O-Telos
axiom20).

Axiom 2.12(correspondindgo O-Telosaxioms7 and8) defines
how to statepropertiesin an RDF(S)-like way. We can there-
fore translateRDF(S)-like property statementdike P(x,m,y) into

5The missingexplicit instantiationof propertiesin RDF(S)is ac-
tually the mainreasorfor its restrictionto thereabstractiorievels,
asinstantiatedproperty statementseitherhave a label nor state-
ment D, which makesit impossibleto uniquely referencethese
statementsisfirst classobjects.

thecorrespondin@-Telos-RDFstatementdy generatingaunique
objectidentifier anda labelfor the statementepresentinghe in-
stantiatedoropertystatementplus an additionalstatemenfor the
instantiatiorrelationship.

2.2.2 DomainandRange

Domain and range propertieslike thosein RDF(S) are not
neededas domainand rangerestrictionsare alreadyincludedin
all propertydefinitions. For compatibility reasonswe candefine
auxiliary predicateslomainandrangelike

Vsid, c,p,r
s(sid, ¢, p,r) < domain(p,c) A range(p,r)

or alternatvely, as the (globally scoped) properties ote-
los:domainandotelos:rangedefinedby the statements

s(ot el os: domai n, ot el os: property, donai n,

otel os: statenent)
s(otel os: range, ot el os: property, range,

otel os: statenent)

AXxiomM 2.15. Subjectsand objectsin a statementepresenting
an instantiatedproperty are typedby the correspondingproperty
definition:

Vsidl, sid2, z,l,y
s(stdl, z,l, y) A type(sidl, sid2)
= e, p,r s(sid2,c,p,r) A type(x,c) A type(y,r)

If no domainor rangerestrictionsaredesiredfor a propertyp, it
canbedefinedasa globally scopedoropertyin thefollowing way:

s(ns: p, otel os: statenent, p, ot el os: st at enent)

2.2.2.1 Comparisorto RDF(S)andO-Telos.

In contrastto O-Telos-RDFE RDF(S) hasto statedomainand
rangeusingseparatgroperties.

[4] definethe domainpropertyin rules19to 21. It hasa car
dinality of zeroor more which complieswith O-Telos-RDF Fur-
thermore [4] definethe rangepropertyin rules22 to 26. RDF(S)
restrictsthe rangepropertyto one rangeconstraintper property
In contrasteachO-Telos-RDFpropertydefinition hasexactly one
rangeconstraint,but for differentdomainsdifferentpropertydefi-
nitions with rangeconstraintsare possible(axiom 2.15). This cor
respondgo O-Telosandits axiom14.

2.2.3 subClassOf

Statement®f the form s(sid,x,subClassOf,yjenotea subclass
relationshipbetweenx andy. We talk aboutx beinga subclass
of y, wherex represents classandy its superclassx andy are
individuals.

AxioMm 2.16. The label “subClassOf in subClassOf-
statementss uniquein conjunctionwith the source objectx and
thedestinationobjecty, thussidsare of theform x_subClassQfy:

Vsidl, sid2, z, 1,y
s(sidl, z,l,y) A s(sid2,z,1,y) A (I = subClassOf)
= (sid1l = sid2)



AXxioM 2.17. We can also definean auxiliary predicatesub-
ClassOf(x,y):

Vsid, c,d
s(sid, ¢, subClassOf,d) = subClassO f(c,d)

AXioM 2.18. The set of all subClassOf-statements repre-
sentedbythe statemensg(otelos:subClassQitelos:individual sub-
ClassOfotelos:individual)’

Axiom 2.19. All statementsvith a label “subClassOf whose
sid is not equalto subjectand objectare membes of the setote-
los:subClassOf:

Vsid,c,d
s(sid, c, subClassOf,d) A (sid # ¢) A (sid # d)
& type(sid, otelos : subClassOf)

The subClassOfelationshipis a partial orderon the statement
identifiers. This relationshipis reflexive aswell astransitve, and
doesnot containcycles,but usesreflexivity to stateequality

AxioM 2.20. Reflivity of subClassOf:

Vsid
type(sid, otelos : statement) = subClassO f(sid, sid)

Axiom 2.21. Transitivity of subClassOf:

Vsidl, sid2, sid3
subClassOf(sidl, sid2) A subclassO f(sid2, sid3)
= subClassO f(sidl, sid3)

AXIoM 2.22. Nocycles statemenbf equality:

Vsidl, sid2
subClassOf(sidl, sid2) A subClassO f(sid2, sidl)
= (sidl = sid2)

AxioM 2.23. Classmembeship is inherited upwaudly to the
supeclasses:

Vz,c,d
type(z,d) A subClassOf(d, c) = type(zx,c)

2.2.3.1 Comparisorto RDF(S)andO-Telos.

Axiom 2.28,2.19,2.17and2.16 correspondo O-Telosaxioms
28,21, 6 and4, anddefinesubClassOs§imilarily to RDF(S).

Contraryto RDF(S),the subClassOf-relationshig definedasa
partial order which is reflexive aswell astransitve. However (as
in RDF(S))subclassOfloesnot containcycles,anduseseflexivity
justto stateequality(2.20,2.21and2.22,correspondingo O-Telos
axioms10,11,12).

Classmembershignherits upwardly to the superclassem all
formalisms(RDF(S)[4] in rule 13, O-Telos-RDFin axiom 2.23,
O-Telosin axiom 13).

Actually, becauseD-Telosusesthe samelabel “isA” (correspon-
ding to our “subClassOf) for subclassingooth individuals and
propertiesthe directtranslationfrom O-Teloswould be the more

general statements(otelos:subClassOf,otelos:statement,subClass-

Of,otelos:statement)However, in line with RDF(S) corventions,
we will distinguishbetweerthetwo conceptsubClassOandsub-
PropertyOf.

2.2.4 subPopertyOf

For compatibility reasons to RDF(S), we define ote-
los:subPropertyOfseparately from subClassOf, even though
it hasall axiomsfrom subClassOfplus additionaloneswhich are
relevantfor subPropertyObnly.

Statement®f the form s(sid,x,subPropertyOf,yjenotea sub-
propertyrelationshipbetweenx andy. We talk aboutx beinga
subpropertyof y, wherex represents propertyandy its supef
property x andy areproperties.

AxioMm 2.24. As for “subClassOf, the label “subProper
tyOf” in statementss uniquein conjunctionwith the souice object
x andthe destinationobjecty:

Vsidl, sid2, z,y,1
s(sidl, z,l,y) A s(sid2,z,1,y) A (I = subPropertyOf)
Atype(z, otelos : property) A type(y, otelos : property)
= (sidl = sid2)

AXxioM 2.25. The auxiliary predicate subPopertyOf(c,d)is
definedasfollows:

Ve, d, sid
type(c, otelos : property) A type(d,otelos : property)
As(sid, ¢, subPropertyOf,d) = subPropertyOf(c,d)

The subPropertyOfelationshipis a partial orderon the state-
mentidentifiers. This relationshipis reflexive aswell astransitive,
anddoesnot containcycles,but usesreflexivity to stateequality:

AxioM 2.26. Reflivity of subPopertyOf:

Vsid
type(sid, otelos : statement) = subPropertyO f(sid, sid)

AXIoM 2.27. Transitivity of subPopertyOf:

Vsidl, sid2, sid3

subPropertyO f(sidl, sid2) A subPropertyO f(sid2, sid3)
Atype(sidl,otelos : property) A type(sid2, otelos : property)
= subPropertyO f(sidl, sid3)

AXxioM 2.28. Nocycles statemenbf equality:

Vsidl, sid2

subPropertyO f(sidl, sid2) A subPropertyO f(sid2, sidl)
Atype(sidl,otelos : property) A type(sid2, otelos : property)
= (sidl = sid2)

AxioM 2.29. Property membeship is inherited upwadly to
thesuperpoperties:

Vz,c,d
type(z,d) A subPropertyO f(d, c) A type(c,otelos : property)
Atype(d, otelos : property) = type(z,c)

Axiom 2.30. All subPopertyOf-statementare membes of

the set otelos:subPopertyOf which is representedby the state-



ment s(otelos:subRypertyOfotelos:popertysubPopertyOf ote-
los:property§, thussid are of theform x_subPopertyOfy:

Vsid, c,d

(s(sid, ¢, subPropertyOf,d) A (sid # c¢) A (sid # d)
Atype(c, otelos : property) A type(d,otelos : property)
& type(sid, otelos : subPropertyOf))

AxiomMm 2.31. Subclasseswhich define properties with the
samenameas propertiesof their classesrefinetheseproperties:

Vsidl, sid2,c,d, e, f,m
subClassOf(d,c) A s(sidl,c,m,e) A s(sid2,d, m, f)
= subClassOf(f, e) A subPropertyO f(sid2, sidl)

AXxiomM 2.32. Furthermoe, O-Telos-RDFrequires subpoper
ties of propertiesto refinesubjectand objectof the propertiesas
well.

Vsidl, sid2,c,d, e, f,m,l
subPropertyOf(sid2, sidl) A s(sidl,c, m,e) A s(sid2,d,l, f)
= subClassOf(d,c) A subClassOf(f,e)

Example 6: The following examplewill further clarify things.
Two resourcesrerelatedby a property Also, theseresourcesre
further subclassedthereforethe propertyhasto be subclasseds
well.

<ot el os: OTELCS
xm ns:t="http://ww.kbs. uni - hannover. de/ ot el os
/ 2001/ 08/ exanpl e- 6#"
xm ns: ot el os="http://ww. kbs. uni - hannover . de
/ ot el os/ 2001/ 08/ ot el os-r df - schema#" >

<otel os: O ass | D="Lecture"/>

<otelos: G ass | D="LectureUnit">
<parent Course s="t:Lecture"/>
</ otel os: d ass>

<ot el os: d ass | D="Sem nar">
<subd assOF s="t:Lecture"/>
</ otel os: d ass>

<otelos: Cass | D="Sem narUnit">
<subCd assOF s="t:LectureUnit"/>
<parent Course s="t:Seninar"/>
</ otel os: Cl ass>

<ot el os: Property | D="Sem nar Uni t _par ent Cour se" >
<subPropertyO
s="t: LectureUnit_parent Course"/>
</ ot el os: Property>

</ ot el os: OTELCS>

This example declaresa lecture unit with a property parent-
Courseof type lecture. The subclasof LectureUnitcalled Sem-
inarUnit mustrefine the propertyparentCoursén orderto useit.
Thusits valuehasto bea subclas®f Lecture,e.g.Seminar

8In principle, we could allow the application of subProper
tyOf for instancesof otelos:type, otelos:subClassOfnd ote-
los:subPropertyOfThis is actuallydonein O-Telos,asit doesnot
distinguishbetweersubClassO&ndsubPropertyOf.

2.2.4.1 Comparisorto RDF(S)and O-Telos.

O-Telos-RDFtreatsotelos:subPropertyQh basicallythe same
way asotelos:subclassfik e O-Telos,which doesnot distinguish
thesetwo conceptsat all). This is also consistenwith RDF(S),
so[4] definesrdfs:subPropertyO¥ery similar to rdfs:subClassOf.
In RDF(S)a statementvith propertiedor subjectandobjectanda
labelwith thevaluesubPropertyOfieclareghe subjectassubprop-
erty of the object([4], rule 15), asis donein O-Telos-RDFaxioms
2.24and2.25,andin O-Telos, axioms4 and6. O-Telosand O-
Telos-RDFdeclarea specialsetfor the subPropertyOf-statements
(O-Telos-RDFaxiom2.30,0-Telosaxioms28 and21).

In RDF(S)this relationshipis transitive ([4], rule 16) andwith-
out cycles([4], rule 18). As with subClassOfO-Telos-RDF(ax-
ioms2.26,2.27and2.28)andO-Telos(axioms10, 11 and12) de-
fine subPropertyOésa partialorder

Propertymembershipgn O-Telos-RDFis inheritedupwardly to
the superclassegxiom 2.29, correspondg$o O-Telosaxiom 13).
[4] hasto definethis by introducingnew statement$or superprop-
erties(rule 17), asnoinstantiatiorstatementfor propertiesexistin
RDF(S):

Vs, pl,p2,0
s(s,p1,0) A subPropertyO f(pl,p2) = s(s,p2,0)

Axioms 2.31and2.32(correspondingo O-Telosaxioms15and
16) do notexistin RDF(S).

2.3 Utility Concepts

2.3.1 SequenceandBags

RDF(S) has additional utility constructsrdf:Seqand rdf:Bag,
usedto expresssequenceandbags.In our opinion, rdf:Bagis not
really necessaryas multi-valued propertiesare expressedsimply
by morethanoneinstantiategoropertystatement.

As for rdf:Seq thedisadantageof this construcis, that(similar
to the caseof the Java Vectorclass)it introducesuntypedrelation
ends;|f it isusedasanexplicit class.Becausé-Telos-RDFhasthe
capability of defining propertieswith the domainotelos:property
we will usethis alternatie way in O-Telos-RDFto expressse-
quences.

To expresssequence O-Telos-RDFEwe includeanadditional
type called otelos:ordinal. otelos:ordinalis a subclassof ote-
los:literal. It specialiseshe literals by usingonly integernumbers
prefixed by “_" aslabels, startingwith 1, 2, etc. The respectie
statementsisethe labelfor sid, subject,predicateand object. For
examplethestatemens(_1,.1,.1, 1) representshe ordinal“ _1".

Furthermorewe declare the new property otelos:sequence
with the statemens(otelos:sequence,otelos:statement,sequence,o-
telos:ordinal)

Example 7: Let us assumethat we have a multivalued prop-
erty sid1, and that sid2, sid3 and sid4 are instantiationsof that
property Furthermoreyve wantto represen sequencindpetween
thesethreepropertystatements.

We have thefollowing property-statements:

s(si di1, Person, nane, otel os: Literal)
s(sid2, JohnHarrySmi t h, nanel, "John")
s(sid3, JohnHarrySnit h, nane2, "Harry")
s(si d4, JohnHarrySm t h, nane3, " Smi t h")
s(sid5, sid2,type, sidl)

s(si d6, si d3,type, sidl)

s(sid7, sid4, type, sidl)

Then,thefollowing statementspecifythe sequencing:



s(si d8, si d2, number, _1)
s(si d9, si d3, nunber, _2)
s(si dl0, si d4, number, _3)

sid4, sid5andsid6 areof type otelos:sequenceapecifiedoy the
correspondingype-statements:

s(sidll, sid8, type, ot el os: sequence)
s(sidl2, sid9, type, ot el os: sequence)
s(sidl3, sidl0, type, ot el 0s: sequence)

The XML serializationlooksasfollows:

<ot el os: OTELCS
xm ns:t="http://ww.kbs. uni - hannover. de/ ot el os
/ 2001/ 08/ exanpl e- 7#"
xm ns: ot el os="http://ww:. kbs. uni - hannover . de
/ ot el os/ 2001/ 08/ ot el os-r df - schema#" >

<ot el os: d ass | D="Person">
<name s="otelos:Literal"/>
</ otel os: d ass>

<ot el os: | ndi vi dual | D="JohnHarrySm th">
<type s="t:Person"/>
<nanel type="t: Person_nane">John</ nanel>
<nane2 type="t: Person_nane">Harry</ nanme2>
<nane3 type="t: Person_nane">Sm t h</ nanme3>
</ otel os: O ass>

<otel os: Property | D="JohnHarrySm t h_nanmel">
<nunber >_1</ nunber >
</ ot el os: Property>

<otel os: Property | D="JohnHarrySm t h_nanme2">
<nunber >_2</ nunber >
</ otel os: Property>

<otel os: Property | D="JohnHarrySm t h_nanme3">
<nunber >_3</ nunber >
</ otel os: Property>

</ ot el os: OTELCS>

Alternatively, we could usea predefinedXML-attribute “num-
ber=",to write this examplein anevenmoreabbreiatedway:

<ot el os: OTELCS
xm ns:t="http://ww.kbs. uni - hannover . de/ ot el os
/ 2001/ 08/ exanpl e- 7#"
xm ns: ot el os="http://ww. kbs. uni - hannover. de
/ ot el os/ 2001/ 08/ ot el os- rdf - schema#" >

<ot el os: d ass | D="Person">
<nane s="otelos:Literal"/>
</ otel os: Cl ass>

<ot el os: | ndi vi dual | D="JohnHarrySmith">
<type s="t:Person"/>
<nanel type="t:Person_nane" nunber="_1">
John</ nanel>
<nane2 type="t:Person_nane" nunber="_2">
Har ry</ nane2>
<nane3 type="t:Person_nane" nunber="_3">
Smi t h</ name3>
</otel os: O ass>

</ ot el os: OTELCS>

or useanimplicit sequencingf multivaluedattributesbasedn
the textual order of the statementgwhich is actuallythe way se-
guencingis handledin O-Telos),dependingon the O-Telos-RDF
parserto generatehe necessargequencingriplesfor thesemulti-
valuedattributes:

<ot el os: OTELCS
xm ns:t="http://ww.kbs. uni - hannover. de/ ot el os
/ 2001/ 08/ exanpl e- 7#"
xm ns: ot el os="http://ww. kbs. uni - hannover. de
/ ot el os/ 2001/ 08/ ot el os-r df - schema#" >

<ot el os: d ass | D="Person">
<nanme s="otelos:Literal"/>
</ otel os: d ass>

<ot el os: | ndi vi dual | D="JohnHarrySm th">
<type s="t:Person"/>
<nanel type="t: Person_nane">John</ nanel>
<nane2 type="t: Person_nane">Harry</ nane2>
<nane3 type="t: Person_nane">Snit h</ nane3>
</otel os: O ass>

</ ot el os: OTELCS>

2.3.1.1 Comparisorto RDF(S)andO-Telos.

In order to state sequencesRDF(S) specifiesthe container
rdf:Seq. Instance®f rdf:Seqgrouptogethertheresource®f a se-
guenceby using simple ordinal properties. O-Telos-RDFsimpli-
fiesthis approachby usingthe possibility to statepropertiesabout
properties.Thus O-Telos-RDFavoids the introductionof untyped
containerdik e rdf:Seqwhich is preferrablefor precisesemantical
modelling.

2.4 Modelling the lecture Artificial Intelli-
gence

The following exampleis taken from a model of our lectures.
For simplicity reasonsgt is asmall partof thelargermodelonly.

Ontheclasslevel it stateghatlectureunitsbelongto a lecture.
Lectureunits have atitle anda description.A lectureunit consists
of theorypagesgexamples etc. We alsoincludesimplesubclasses
respectily instancedike Al lectureunits, etc.

We will start with the appropriateXML-serialisation using
RDF(S):

In thefollowing examplethe URIs of the namespacesif:, rdfs:,
s:,t: andotelos:areabbreiatedwith theirnames.

<rdf: RDF xnl: | ang="en"
xm ns: rdf ="http://ww. w3. or g/ 1999/ 02
[ 22-r df - synt ax- ns#"
xm ns: rdf s="http://ww. w3. or g/ 2000/ 01
[ rdf - schema#"
xm ns: s="http://ww. kbs. uni - hannover . de/ ot el os
/ 2001/ 08/ exanpl e- schema#" >

<rdf: Description | D="Lecture">
<rdf:type resource="rdfs: d ass"/>
</rdf: Description>

<rdf: Description | D="LectureUnit">
<rdf:type resource="rdfs: d ass"/>
</rdf: Description>

<rdf:Description ID="title">



<rdf:type resource="rdf: Property"/>

<rdfs:range resource="rdfs:Literal"/>

<rdf s: domai n resource="s: LectureUnit"/>
</ rdf: Description>

<rdf: Description | D="description">
<rdf:type resource="rdf: Property"/>
<rdfs:range resource="rdfs:Literal"/>
<rdfs:domai n resource="s: LectureUnit"/>
</rdf: Description>

<rdf: Description | D="parent Course">
<rdf:type resource="rdf: Property"/>
<rdf s: range resource="s: Lecture"/>
<rdfs: donai n resource="s: LectureUnit"/>
</ rdf: Description>

<rdf: Description | D="t heoryPage">
<rdf:type resource="rdf: Property"/>
<rdf s: range resource="s: TheoryUnit"/>
<rdfs: donai n resource="s: LectureUnit"/>
</ rdf: Description>

<rdf: Description | D="parentUnit">
<rdf:type resource="rdf: Property"/>
<rdf s:range resource="s: LectureUnit"/>
<rdf s: domai n resource="s: TheoryUnit"/>
</ rdf: Description>

<rdf: Description | D="TheoryUnit">
<rdf:type resource="rdfs: d ass"/>
</rdf: Description>

<rdf: Description | D="Al Lecture">
<rdf:type resource="s: Lecture"/>
</ rdf: Description>

<rdf: Description | D="LectureUnitl">
<rdf:type resource="s:LectureUnit"/>
<title>Lecture Unit 1</title>
<descri ption>
Introduction to intelligent agents
</ descri ption>
<par ent Cour se resource="s: Al Lecture"/>
<t heor yPage
resource="http://.../Definitions.htn/>
<t heor yPage
resource="http://.../Characterisation. htm'/>
<t heor yPage
resource="http://.../Structure. htm'/>
<t heoryPage resource="http://.../Types. htni/>
</rdf: Description>

<rdf: Description
about="http://.../Definitions. htm>
<rdf:type resource="s: TheoryUnit"/>
<parent Unit resource="s:LectureUnitl"/>
</rdf: Description>

<rdf: Description
about ="http://.../Characterisation. htn>
<rdf:type resource="s: TheoryUnit"/>
<parent Unit resource="s:LectureUnitl"/>
</rdf: Description>

<rdf: Description

about="http://.../Structure. ht m'>
<rdf:type resource="s: TheoryUnit"/>
<parent Unit resource="s:LectureUnitl"/>
</rdf: Description>

<rdf: Description about="http://.../Types. htni>
<rdf:type resource="s: TheoryUnit"/>
<parent Unit resource="s:LectureUnitl"/>
</rdf: Description>

</ rdf : RDF>

In O-Telos-RDF this examplelooksasfollows:

<ot el os: OTELS xmi : | ang="en"

xm ns: ot el os="htt p://ww. kbs. uni - hannover. de
/ ot el os/ 2001/ 08/ ot el os- r df - schenma#"
xm ns: t="http://ww.kbs. uni - hannover. de/ ot el os/
/ 2001/ 08/ exanpl e- ot el 0s- schema#" >

<otel os: O ass | D="Lecture"/>

<otel os:Cl ass | D="LectureUnit">
<title s=otelos:Literal/>
<description s=otelos:Literal/>
<par ent Course s=t:Lecture/>
<t heoryPage s=t: TheoryUnit/>

</ otel os: Descri pti on>

<otel os: O ass | D="TheoryUnit">
<parentUnit s="t:LectureUnit"/>
</ otel os: Cl ass>

<otel os: d ass | D="Al Lecture">
<type s="t:Lecture"/>
</ otel os: Cl ass>

<ot el os: | ndi vi dual |D="LectureUnit1l">
<type s="t:LectureUnit"/>
<title>Lecture Unit 1</title>
<descri ption>
Introduction to intelligent agents
</ descri ption>
<parent Course s="t:Al Lecture"/>
<t heoryPagel type="t: LectureUnit_theoryPage
s="http://.../Definitions.htni/>
<t heoryPage2 type="t: LectureUnit_theoryPage
s="http://.../Characterisation. htm/>
<t heoryPage3 type="t: LectureUnit_theoryPage
s="http://.../Structure. htnt/>
<t heoryPage4 type="t: LectureUnit_theoryPage
s="http://.../Types. ht />
</ ot el os: | ndi vi dual >

<ot el os: Descri ption
about="http://.../Definitions. htm>
<type s="t:TheoryUnit"/>
<parentUnit s="t:LectureUnitl"/>
</ ot el os: Descri ption>

<ot el os: Descri ption
about ="http://.../Characterisation. htn>
<type s="t:TheoryUnit"/>
<parentUnit s="t:LectureUnitl"/>
</ ot el os: Descri pti on>

<ot el os: Descri ption
about="http://.../Structure. ht n'>



<type s="t:TheoryUnit"/> Nr. | Statement(subject,predicate,object)

<parentUnit s="t:LectureUnitl1"/> 33 | s(online:genid34,resource,s:AlLecture)
</ ot el os: Descri ption> 34 | s(online:LectureUnit1,online:parentCourse,
online:genid34)
<otel os: Description 35 | s(online:genid37,resource,http://.../Definitions.htm)
about="http://.../Types. htn{> 36 | s(online:LectureUnit1,online:theorgBe,
<type s="t:TheoryUnit"/> online:genid37)
<parent Unit s="t:LectureUnitl"/> 37 | s(online:genid40,resource,

</otel os: Descri pti on> http://.../Characterisation.htm)

38 | s(online:LectureUnitl,online:theorgBe,
online:genid40)

39 | s(online:genid43,resource,http://.../Structure.htm)
40 | s(online:LectureUnitl,online:theorgBe,

</ ot el os: OTELCS>

Membershipin otelos:indvidual, otelos:property otelos:type online:genid43)
etc. is automaticallypbasedon the syntacticform of the statements, 41 | s(online:genid46,resource,nttp://.ypes.htm)
sowe do notdeclareary explicit type-statementfor theseclasses. 22 s(online'Lecturelenitl onlir;e'theoryae
Type-statementfor properties,wherethe instantiatedproperties online'génid46) ' ' '
have the samelabel like the property definition, are introduced 43 | s(http://.../Definitions htm type,s:TheoryUnit)

automaticallyby the parser as well as individual-statement®f
all URLs usedin this example. Type-statement$or the multi-
ple instantiationof LectureUnittheoryRagearehandledusingthe
“type=" XML-attribute.

The statement®f the RDF(S)-representatioare generatecy
the SiRPac [15] parser The prefix online: representsonstructs
withoutanURI, genidrepresentautomaticallygeneratedDs.

(NotethatwereplacedheURIsin theexampleby therespectie
namespaceis orderto improve thereadability):

44 | s(online:genid50,resource,s:LectureUnitl)
45 | s(http://.../Definitions.htm,online:parentUnit,
online:genid50)

46 | s(http://.../ICharacterisation.htm,type,s:TheoryUnit)
47 | s(online:genid54,resource,s:LectureUnitl)
48 | s(http://.../Characterisation.htm,online:parentUnit
online:genid54)

49 | s(http://.../Structure.htm,type,s:TheoryUnit)
50 | s(online:genid58,resource,s:LectureUnitl)
51 | s(http://.../Structure.htm,online:parentUnit,

Nr. | Statement(subject,predicate,object) online:genid58)

1 | s(online:Lecture,rdf:type,rdfs:Class) 52 | s(http://.../iypes.htm,type,s: TheoryUnit)

2 | s(online:LectureUnit,rdf:type,rdfs:Class)) 53 | s(online:genid62,resource,s:LectureUnitl)

3 | s(online:title,rdf:type,rdf:Property)) 54 | s(http://.../ypes.htm,online:parentUnit,

4 s(online:genid2,resource,rdfs:Literal) online:genid62)

5 s(online:title,rdfs:range,online:genid2

6 sEonIine'genidS resogrce S'LecgtureUr?it) The O-Telos-RDF statementsgenerated from the XML-
= s(online:title do;nain onIir’Ie"genidS) representatiomre appendedelon. For simplicity, statementDs
5 s(online:des,cription iype rd.f'Property) areonly referencedgymbolically but they canbederived from the
9 s(online:genid8,resource,rdfs:Literal) rulesstatedn the earliersections.

10 | s(online:description,range,online:genid8) s(sidl, sidl, Lecture, sidl)

11 | s(online:genid11,resource,s:LectureUnit) _ _ _ _

12 | s(online:description,domain,online:genid11) s(sid2,sid2, LectureUnit, sid2)

13| s(online:parentCourse,type, rdf-Property) s(sid3,sid2title, otelos:Literal)

s(si d4, sid2,description,otelos:Literal)
s(si d5, si d2, par ent Cour se, si d1)
s(si d6, si d2, t heoryPage, si d7)

14 | s(online:genidl14,resource,s:Lecture)
15 | s(online:parentCourse,range,online:genid14)
16 | s(online:genid17,resource,s:LectureUnit)

17 s(onl?ne:parentCo_urse,domain,online:genid17 s(sid7, si d7, TheoryUni t, si d7)

18 | s(online:parentUnit,type,rdf:Property) s(si d8, si d7, parent Uni t, si d2)

19 | s(online:genid20,resource,s:LectureUnit)

20 | s(online:parentUnit,range,online:genid20) s(si d9, si d9, Al Lecture, si d9)

21 | s(online:genid23,resource,s:TheoryUnit) s(si d10, si d9, type, si d1)

22 | s(online:parentUnit,domain,online:genid23)

23 | s(online:theoryRge,type,rdf:Property) s(sidll,sidll, LectureUnitl,sidll)
24 | s(online:genid26,resource,s:TheoryUnit) s(sidl2,sidll, type,sid2)

s(sid13,sidll,title,"Lecture Unit 1")

s(sidl4, sidl3,type, sid3)

s(si di15, si d11, descri ption,
"Introduction to intelligent agents")

25 | s(online:theoryRge,range,online:genid26)
26 | s(online:genid29,resource,s:LectureUnit)
27 | s(online:theoryRge,domain,online:genid29)

28 | s(online:TheoryUnit,type,rdfs:Class) s(si d16, si d15, type, si d4)
29 | s(online:AlLecture,type,s:Lecture) s(si d17, si d11, par ent Cour se, si d9)
30 | s(online:LectureUnitl,type,s:LectureUnit) s(si d18, si d17, type, si d5)
31 | s(online:LectureUnitl,online:title,Lectuténit 1) s(si d19, si d11, t heor yPagel, si d27)
32 | s(online:LectureUnit1,online:description, s(si d20, si d19, t ype, si d6)

Introductionto intelligentagents) s(si d21, sidll, t heoryPage2, si d31)




s(sid22, sid21, type, si d6)
s(sid23,sidll, t heoryPage3, si d35)
s(si d24, si d23, type, si d6)
s(si d25, sidll, t heoryPage4, si d39)
s(si d26, si d25, type, si d6)

s(sid27,sid27,"http://.../Definition. htm', sid27)
s(si d28, sid27, type, si d7)

s(sid29, sid21, parent Uni t, si d11)

s(si d30, si d29, type, si d8)

s(sid31, si d31,
"http://.../Characterisation. htn{, sid31)

s(sid32, sid31, type, sid7)

s(sid33,sid31, parent Unit, sidll)

s(si d34, si d33, type, si d8)

s(sid35,sid35,"http://.../Structure. ht ', si d35)
s(si d36, sid35, type, sid7)

s(si d37, si d35, parentUnit, sidll)

s(si d38, sid37,type, si d8)

s(sid39,sid39,"http://.../Types. htni, si d39)
s(si d40, si d39, type, si d7)

s(sid41, sid39, parent Uni t, si d11)
s(sid42, sid4l, type, sid8)

For simplicity reasonsye left out statement$or declaringthe
literals usedasinstanceof otelos:literal. Similarly, all type state-
mentsareinstance®f otelos:typeall individuals areinstanceof
otelos:indvidual andall propertiesareinstance®f otelos:property
Thesestatementsanbe deducedrom therespectie axioms.

3. DISCUSSION

In this paperwe describedhe formalizationof an RDF(S)vari-
ant called O-Telos-RDF which provides enhancedunctionalities
for meta-modelingand reified statements. The formalizationis
basedvery closelyon the formalizationof the modelinglanguage
O-Telos, which is basedon a semanticnetwork model similar to
RDF(S).Axioms andconstraintareclearly defined.In thelonger
report,we include all theseaxiomsin an appendix,togetherwith
theircounterpartén O-TelosandRDF(S).This exactformalization
will hopefullycontrituteto anunderstandingf bothO-Telos-RDF
and(in this context) the currentRDF(S)formalization.

Comparedvith RDF, O-Telos-RDFshaws its advantagesn al-
lowing easierreificationof statementsandin metamodellingppli-
cations,wheremorethanthreeabstractiorhierarchiesareneeded.
Furthermorethe classcentricapproachto propertydefinition al-
lows the definition of propertieswith the samenamefor different
domainswhich have differentrangegnot possiblein RDF(S)).

Thesepropertiesseemto make O-Telos-RDFmore similar to
DAML+OIL thanRDF(S)is (in thesensehatDAML+OIL ismore
easily/naturallyrepresentedn O-Telos-RDFthanin RDF(S)). A
detaileddiscussiorof this relationshipwill beincludedin a forth-
coming report. Similarily, we will discussreasoningunctionali-
tities for O-Telos-RDF basedon the Datalog- reasoningacilities
alreadypresenin O-TelosandConceptBase.
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APPENDIX
A. BASIC XML-SERIALISA TION

ThebasicXML-serialisationstatedhereresemblewery closely
the basicXML-serialisationof RDF, givenin the RDF Syntaxand
Model Specificatior{5], in orderto necessitatenly minor changes
in currentRDF parserslt is usedio expresgheO-Telos-RDFstate-
mentsin XML, andin its currentform takes careof the primitive
types“Literal” and “Statement”’(and their subclasses)Its main
purposeis the grouping of multiple statementdor the samere-
sourceinto a descriptionelementusingXML syntax.

As in the RDF Syntaxand Model Specificationthe OTELOS
elementis a simplewrapperthat marksthe beginning and end of
O-Telos-RDFstatementin an XML document.

The EBNF of the basicO-Telos-RDFXML serialisationlooks
asfollows:

1)
2)

2a)

3)
4)
5)
6)

6a)

7
9)
9a)

9b)
9c)
9d)
10)

11)
12)
13)
14)

OTELOS
desLabel

description

idAboutAttr
aboutAttr
idAttr
propertyElt

propertyEItExt

label

value
statement-
Attr
typeAttr

numberAttr
ordinal
number
statement
-reference
IDsymbol
name
NSprefix
string

[ <otelos:OELOS>’] description*
[ </otelos:OTELOS>"]
otelos:Description otelos:Clas$
otelos:Indvidual | otelos:Property
<’ desLabel

idAboutAttr?’ >’ propertyElt*

'< /" desLabel >’

| '<’ desLabel

idAboutAttr?’/ >’

idAttr | aboutAttr

"about="" statement-referencé
'ID="""IDsymbol™”

<’ labelpropertyEItExt? >’ value
'< /" label >’

| labelpropertyERExt? / >’
statementAttr

| typeAttr

| statementAtttypeAttr

| typeAttrnumberAttr

| statementAtttypeAttr numberAttr
name

description| string
's="" statement
-reference”
"type="" statement
-reference”
'number=""ordinal
" _number

(ary positive integervalue)

string, interpretedas
statement-IDincludesNSprefix
(ary legal XML namesymbol)
(ary legal XML namesymbol)
(ary legal XML namespacerefix)
(ary XML text, with " <",

">" and"&” escaped)



