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ABSTRACT
In thispaperwe will describetheformalizationof anRDF(S)vari-
antwe call O-Telos-RDF, which providesenhancedfunctionalities
for meta-modelingand reified statements.This formalization is
basedvery closelyon the formalizationof themodelinglanguage
O-Telos,which is basedonasemanticnetwork modelquitesimilar
to RDF(S),andhasbeenusedasa (meta)modelinglanguagein
variousapplicationareasduringthelast10 years.

1. INTRODUCTION
RDF(S)[5, 3] is basedon thesimple,yet quitepowerful model

of semanticnetworks,whereevery statementis expressedasa bi-
nary predicateon groundarguments,with the nodesin the graph
denotingarbitraryresourcesandliteralswhichareusedassubjects
andobjectsof statements,andthe arcsdenotingspecificrelation-
shipsbetweentwo of thesenodes.

RDF(S) falls short however in exploiting both the simplicity
and the expressivity of the underlyingsemanticnetwork formal-
ism. The RDF(S) description(see[5] and [3]) is quite difficult
to readand lacks a formal descriptionof semantics(though [4]
has later given quite a good formalization). Additionally, meta-
modelingandreificationis cumbersomeandrestrictedin RDF(S),
eventhoughit hasbeenenvisionedasoneof theimportantapplica-
tion areasof RDF(S).

In an earlier paper[13], we have pointedout the dual useof
propertieslikesubclassandtypebothasprimitive (metalevel) con-
ceptsto definethe RDF(S)concepthierarchyaswell asconcepts
definedin RDF(S) itself, andhave proposeda metamodelingap-
proachseparatingtheseuses,which is morein line with a layered
metamodelingapproachsuchasdescribedin [6]. More recently,
[14] proposeda layeredversionof RDF(S)calledRDFS(FA) moti-
vatedby thesameobservations.

In thispaperwewill usethe(meta-)modelinglanguageO-Telos
as a basisfor an alternative resourcedescriptionformat we call
O-Telos-RDF, which retainsthe basicprinciplesof RDF(S), but
extendsits meta-modelingand reification functionalities. Primi-
tive conceptslike subclassandtypearestrictly axiomatizedin this
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language,andcan be usedtogetherwith the other O-Telos-RDF
conceptsto formalizedescriptionson all abstractionlevels. The
modelinglanguageO-Teloshasbeendefinedandaxiomatizedin
[8], basedon its predecessorTelos[11, 10], andimplementedin
thedeductive objectorienteddatabasesystemConceptBase[7]. It
hasbeenusedin a variety of modelingcontexts (see[9] for an
overview) duringthelast10years.

The extendedfunctionalitiesof O-Telos-RDFarebasedon O-
Telos’ useof a semanticnetwork (i.e. binarypredicates)for mod-
eling in a uniform way all kindsof information(informationabout
objectsandspecificrelationshipsbetweentheseobjects,informa-
tion about classesand relations, information about metaclasses,
etc.) This capability is alsopresentin many aspectsof RDF(S),
but unfortunatelynot in all, as we will seein this paper. Using
semanticnetworks for modelinghasa long tradition,startingwith
Tarskisuseof binary relations[16], andcontinuingwith Abrials
semanticdatamodelbasedon suchbinaryrelations[1].

We will usethe paperby ConenandKlapsing[4] asa starting
point for thedescriptionof our RDF(S)variant,O-Telos-RDF, and
retainbasicallyall originalO-Telosaxiomsfrom [8], only modify-
ing themwhennecessaryto make themsuitablefor a resourcede-
scriptionformatcomparableto RDF(S).Wewill useRDF(S)termi-
nologywhenever possible.Ourorderof presentingthedifferentO-
Telos-RDFconceptsreflectsthe orderof RDF(S)conceptpresen-
tation in [4] which will make it easierfor knowledgeableRDF(S)
usersto compareRDF(S)andthe O-Telos-RDFvariant. We will
alsousean XML serializationsimilar to the original RDF(S)se-
rialization in order to necessitateas few changesin currentRDF
parsersaspossible.1

2. O-TELOS-RDF CONCEPTS
O-Telos-RDFgraphsare semanticnetworks, which consistof

nodesand(directed)arcs. Nodesrepresentall kinds of concepts
(suchas classes,metaclassesetc.) and individuals (suchas spe-
cific WWW pagesandliterals), arcsrepresentspecific(property)
relationships.

Both nodesandarcsarelabeledwith atomicvaluesor URIs as
names.They areboth first classentities,and thereforearerefer-
encedby IDs (uniquewithin thecurrentnamespace),usuallyin the
form of URIs, which eithercontainthe nodeor arc label (if it is
an atomicvalue),or usethe label directly asID (whenthe labels�
Note,that in anearlierversionof this report[12], we useda seri-

alizationwhich did not assumeany knowledgeaboutan O-Telos-
RDF specificsemantics,so thata currentRDF parserlike SiRPac
[15] couldproducethecorrectO-Telos-RDFtuplesfrom thisserial-
ization. Our currentserializationnecessitatessomesmall changes
in SiRPac,but is morecompactthanourpreviousserialization.



areURLs or instancesof primitive typeslike literals). By refer-
encingtheseIDs, arcscanconnectany two otherentities(i.e. two
nodes,onenodeandonearc or two arcs),in contrastto RDF(S),
wherearcsonly connectresources(i.e. nodes).As in RDF(S)[4],
all nodeshave differentlabels,andrepresentdifferententities.Arc
labelsarenot unique,two arcsbetweentwo specificentitieshave
differentlabels,however.

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

To allow easycomparisonof O-Telos-RDFwith RDF(S), we
mainly follow the structureof [4] (distinguishingbasicconcepts
(correspondingto RDF concepts)andschemalevel concepts(cor-
respondingto RDFS concepts)),even thoughO-Telos-RDFdoes
notdistinguishbetweenschemalevel andobjectlevel statements.

2.1 Basic O-Telos-RDF Conceptsand Predi-
cates

2.1.1 Statement
All nodesandarcsin anO-Telos-RDFgrapharerepresentedby

statementsof thegeneralform s(sid,x,l,y)wheresid representsthe
statementID (a uniqueidentifier of the statement),x and y rep-
resentidentifiersof (possiblyother)statementsandl is calledthe
labelof thestatement.All statementidentifierssid areURIs or as
URI-like aspossibleandareuniqueglobally (exceptwhenexactly
thesamestatementsaremadein two differentplaces).

We call x thesubject,y theobjectandl thepredicateof a state-
ment. All statementsin O-Telos-RDFare implicitly reified, and
canbeidentifiedby their statementID. We thereforehave thefirst
axiom:

AXIOM 2.1. Statementidentifiers uniquelyidentifystatements:�������	��
����
�����������������������������������	��
�������������� "!#�$�������	��
��$�����$������ % ��
�'&(
��� )!*�����'&(���� )!*�����+&,�-�� 

We candefineauxiliary predicatessubject,predicateandobject
asfollows:
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Example 1: This examplegivesa first impressionof how the

resultingstatementslook like. The exact definitionsof the used
constructswill follow in later sections.We want to expressthata
resource“LectureUnit1”hasaproperty“title” with thevalue“Lec-
tureUnit 1”.

TheXML-serialization(which we keepassimilar to RDF(S)as
possible- seeappendixA for thebasicXML serialisation)looksas
follows:

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

</otelos:Description>

Thestatementsfor this serializationare

s(sid1,sid1,LectureUnit1,sid1)
s(sid2,sid1,title,"Lecture Unit 1")
s(sid3,sid1,type,otelos:individual)
s(sid4,sid2,type,otelos:property)

where

sid1=ns:LectureUnit1
sid2=ns:LectureUnit1_title
sid3=ns:LectureUnit_type_otelos:individual
sid4=bns:LectureUnit1_title_type_otelos:property

and “ns:” standsfor the currentnamespacespecifyingwhere
thesemetadatacanbefound(e.g.“http://www.kbs.uni-hannover.de
/ai1/metadata.html#”.2 Thestatementidentifiersaregeneratedau-
tomaticallyfrom theotherarguments(we’ll discusshow later),so
they do nothave to beincludedin theXML serialization.

Tupelssid3 and sid4 specify membershipof sid1 and sid2 in
the (predefined)O-Telos-RDFclassesotelos:individual and ote-
los:propertyrespectively (similar to rdfs:classand rdf:property),
andarethemselvesmembersof theO-Telos-RDFclassotelos:type.
As we will seein thefollowing sections,membershipin thesepre-
definedclassesis specifiedby thesyntacticform of thestatements,
andwewill not includethesetype-statementsin ourlaterexamples,
asthey canalwaysbe reconstructedfrom the axiomaticmember-
shipdefinition(2.3,2.5and2.10)for thesepredefinedclasses.

Example 2: This examplestatesthata webpagewith theURI
“http://.../Definitions.html”hasa title called“Definitions”.

<otelos:Description
about="http://.../Definition.html">

<title>Definitions</title>
</otelos:Description>

Thecorrespondingstatementsare

s(sid1,sid1,http://.../Definitions.html,sid1)
s(sid2,sid1,title,"Definitions")

where

sid1=http://.../Definitions.html
sid2=http://.../Definitions.html_title

Additionally, asalreadymentionedin example1,sid1is instance
of otelos:individual while sid2 is instanceof otelos:property. Fur-
thermorethesetwo type-statementsareinstancesof otelos:type.

2.1.1.1 Comparisonto RDF(S)andO-Telos.
Axiom 2.1 correspondsto the O-Telos axiom 1 (uniqueness

of object identifiers). O-Telos-RDFstatementidentifiersarecon-
structedasURIsor URI-like identifiersin orderto beableto refer-
encethemeasilyin otherstatements.In contrastto O-Telosobject
identifiers,they arenotinvisible. Theirexactform will bediscussed
in the following sections.In constrastto RDF(S),thereis no dif-
ferencebetween“named”and“unnamed”resources,all statements
have uniqueIDs. For Web-Pages,thesearetheusualURLs.

Axiom 1 of [4] statesthat an RDF(S)statementconnectstwo
nodeswith a label. The label hasto be RFC 2396 [2] conform,
statementsdo not have a uniqueID. In O-Telos-RDF, labelscan
alsobeatomicvalues,while statementIDs areuniqueandusually
conformto RFC2396.?
In the following, we will abbreviate these URLs to save

space,leaving out hostnameand directories,and useforms like
“http://.../metadata.html#”.



Analogouslyto RDF(S),wecall x thesubject,y theobjectandl
thepredicateof a statement,althoughwe have not definedthemas
predefinedproperties(whichwe could,though).

All statementsin O-Telos-RDFare implicitly reified, and can
be identifiedby their statementID. Thuswe don’t have to reify a
statementexplicitly which contrastswith theaxioms7, 8 and9 of
[4]. Instead,whenonestatementtalksaboutanotherstatement,we
have to enforcetheexistenceof thestatementtalkedabout.This is
basicallythesameasaforeignkey constraintin relationaldatabase
theory.

In orderto explicitly distinguishbetweenstatementsandexplicit
reificationsthereof similar to RDF(S) (and the [4] axioms), we
coulddefinea classotelos:reifiedstatement,with threeproperties
otelos:subject,otelos:predicateandotelos:object.

2.1.2 Individual
Nodesin an O-Telos-RDFgrapharerepresentedby statements

of the form s(o,o,o,o)or s(ns:l,ns:l,l,ns:l),where o and ns:l are
URIs, ns is the currentnamespaceand l is an atomic label. We
call thesestatementsindividuals,they canbeusedassubjectsand
objectsin statements.

AXIOM 2.2. The set of all statements,abbreviated as ote-
los:statementis representedby the individual s(otelos:state-
ment,otelos:statement,statement,otelos:statement),where “ote-
los:” is thenamespacefor theO-Telos-RDFdefinitions.

SerializedasXML, this individual is simplydeclaredas

<otelos:Individual ID="statement"/>

or, moreRDF(S)-like

<otelos:Description ID="statement"/>
<type s="otelos:individual"/>

</otelos:description>

Again, the type-statement(which will be explained in sec-
tion 2.2.1) is not reallynecessary, asmembershipof statementsin
thesetof individualsis definedby thesyntacticform of thestate-
ment.

AXIOM 2.3. The set of all individuals is representedby ote-
los:individualor (in longer form)s(otelos:individual,otelos:indivi-
dual,individual,otelos:individual).

O-Telos-RDFindividualscanrepresentbothclassesandinstan-
tiatedobjects(aswell asmetaclasses,metametaclasses,etc.),there
is no syntacticdistinctionbetweenthesedifferentabstractionlev-
els.This makesunrestrictedmetamodellinghierarchiespossiblein
O-Telos-RDF.

AXIOM 2.4. If thelabelof anindividual is anatom,it is unique
within its namespace. Togetherwith its namespace, or if the label
is alreadyanURI, it is uniqueglobally. Therefore thestatementID
of an individual is uniqueglobally in all cases.

In the following, we will usethestatementID of an individual
asan abbreviatednamefor that individual, i.e. we will be talking
aboutotelos:statement,otelos:individual, etc. As thestatementID
is uniqueandhumanreadable,we canusethis ID alsoto reference
all otherstatements,whicharenot individuals.

Example 3: Thefollowing exampledeclaresanindividual with
thename”LectureUnit1”:

<otelos:Individual ID="LectureUnit1"/>

with thecorrespondingstatement

s(sid1,sid1,LectureUnit1,sid1)

where

sid1=ns:LectureUnit1

2.1.2.1 Comparisonto RDF(S)andO-Telos.
In O-Telos-RDF all individuals are resourcesin the usual

RDF(S) sense,and can be usedas subjectsand objectsin state-
ments.O-Telosstatestheexistenceof statementsin its axioms18
and24whichcorrespondto axiom2.2of O-Telos-RDF.

Axioms 1 and 2 of [4] statethe existenceof Resourcewhich
is equalto theO-Telos-RDFconceptotelos:individual (seeaxiom
2.3),whichcorrespondsto theO-Telosaxioms19 and25.3

Axiom 4 of [4] statesthata namedResourceis identifiedby an
URI. O-Telos-RDFbroadensthe scopeof the identifierswith ax-
iom 2.4sothatall individualsareidentifiedby anURI, andfurther
statementscanbemadeabouteachindividual usingthis URI. La-
belsof individualsareuniquein O-Telos-RDF(correspondingto
O-Telosaxiom2).

In contrastto RDF(S),O-Telos-RDFrequiresthedeclarationof
eachindividual/resource,so eachindividual is representedby its
correspondingtuple. Writing down theseexplicit individual dec-
larationsfor all annotatedandusedURLs canbetime consuming,
though,anda smartparsercangeneratethe correspondingtuples
for eachURL automatically. In the following, we will therefore
useanXML serializationwhich doesnot requireexplicit individ-
ualdeclarationsfor URLs,andleave it to theparserto generatethe
correspondingtuplefor eachURL it encounters.

2.1.3 Class
We includea shortdiscussionof classat this point,eventhough

classis a schemadefinitionconcept,which RDF(S)definesin the
schemaspecification,not in thebasicmodelandsyntaxspecifica-
tion.

Thereasonfor thisis that,in O-Telos-RDF, individualsrepresent
both objectsand classes. As all individuals can be instantiated,
thereis no needto introducea separateclassconcept.All RDF(S)
classesare representedas O-Telos-RDFindividuals, as are their
members.Classmembershipis definedusingtype-statements(see
2.2.1).

To enhancereadability, we define an individual otelos:class,
which denotesthesamesetasotelos:individual, andusebothote-
los:classand otelos:individual in our XML serialization. Note,
however, thatthedistinctionof otelos:classandotelos:individual is
purelysyntacticsugaranddoesnot indicateany semanticdistinc-
tion. Both termsaretranslatedinto otelos:individual in the tuple
representation.

2.1.3.1 Comparisonto RDF(S)andO-Telos.
Even thoughRDF(S)definestheconceptrdfs:Class,no special

axiomsaredefinedin [4]. Rather, axiomsaredefinedfor thespecial
propertiesrelatedto rdfs:Class,namelyrdf:type, rdfs:subClassOf,
rdfs:rangeandrdfs:domain.This is similar to the formalizationin
O-Telos-RDF, which doesnot definethe classconceptat all, but
hassimilar restrictionson thepropertiesrelatedto this concept.

@
If weview somethingasaresourcewhichcanbereferencedby an

identifier, “resource”would correspondto “statement”in O-Telos-
RDF, though.



2.1.4 Property
Arcsarerepresentedby statementsof theform s(sid,x,p,y)or by

thespecialcases(ns:p,otelos:statement,p,y),with sid A& x, sid A& y,
ns:p A& otelos:statementandns:p A& y, andp differentfrom thethree
reservedlabelstype,subClassOfandsubPropertyOf.Wecall these
statementsproperties:

AXIOM 2.5. Definitionof properties:�)�����	��
��/"������������	��
"��/���� )!*������� A&B
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AXIOM 2.6. Thesetof all propertiesis denotedby the state-
ment (otelos:property,otelos:statement,property,otelos:statement),
abbreviatedasotelos:property.

2.1.4.1 ObjectScopedProperties.
In thefirst cases(sid,x,p,y),p is anatomicvalue,andis unique

within thecurrentnamespacein conjunctionwith thesourceobject
x, which is theuniqueidentifierof anotherstatement.Thenthesid
is of the form x p, which is uniquein thecurrentnamespace,and
potentiallyuniqueglobally (exceptif anothernamespacespecifies
a propertywith thesamelabelfor thesamex). This namingof the
statementidentifiersdoesnot guaranteeglobally uniquestatement
IDs, but is in line with theobjectscopedway of lookingat proper-
ties. 4 If thepropertys(sid,x,p,y)is meantto representtheproperty
definitionfor p, then(usingRDF(S)terminology),x is thedomain
of p andy is therangeof p.

We thencall p an objectscopedproperty. This definition cor-
respondsto the class-centricway of defining propertiesusedin
frame-basedlanguageslike O-Telos.

AXIOM 2.7. Namesof “object scoped”propertiesare unique
in conjunctionwith thesourceobject:�������	���������N�$��
�-/"��������������������	����
�-/�����6 �!R���������N����
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Example 4: The following descriptiondefinesLectureUnit,
which hasa propertynamedtitle of typeliteral.

<otelos:Class ID="LectureUnit">
<title s="otelos:Literal">

</otelos:Class>

with themainstatements

s(sid1,sid1,LectureUnit,sid1)
s(sid2,sid1,title,otelos:Literal)V
Note, that duplicate property statementsare also possible in

RDF(S) betweendifferent namespaces.In any case,even if we
definedthe statementidentifiersin a globally uniqueway (which
would be possibleby prefixing the ID with the current names-
pace),integrationof statementsfrom differentnamespaceswould
still needto be dealtwith care,asglobally uniquestatementIDs
would only handleuniquenessof statements,but still allow incon-
sistency of properties(suchas multiple valuesfor single valued
properties,etc.)

with

sid1=ns:LectureUnit
sid2=ns:LectureUnit_title

sid1is amemberof thesetotelos:individual,sid2is amemberof
the setotelos:property. Both membership-statementsaremember
of thesetotelos:type.

2.1.4.2 GloballyScopedProperties.
In thesecond(special)cases(ns:p,otelos:statement,p,y),p is an

atomicvalue,andis auniquelabelwithin thecurrentnamespacens.
We thencall p a globally scopedproperty, becauseit canbe used
aspropertyfor all kindsof statements.This definitioncorresponds
to theproperty-centricwayof definingpropertiesin RDF(S).

AXIOM 2.8. For “globally scoped”properties,axiom2.7is ex-
tended,sothatthenamesof attributesareuniqueevenwithoutcon-
junctionwith thesourceobject:�)�����	����
"����
��$��/���������������W�GPQ/��
����/�����6 )!X���������	����
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2.1.4.3 Comparisonto RDF(S)andO-Telos.
O-Telos-RDFaxiom 2.7 correspondsto O-Telosaxiom 3. Ax-

ioms2.5and2.6correspondto O-Telosaxioms22 and26.
RDF(S) regardspropertiesasa projectionof the secondargu-

mentof theRDF-statement.Therefore[4] statewith theiraxioms2
and3 thateachlabelof astatementis aresourceandthatit is identi-
fiedby anURI. Thisholdsfor O-Telos(axiom3) andO-Telos-RDF
(axiom2.7) aswell, with theexceptionof literalsandsomeprop-
erty statements(typeetc.) which yield IDs thatarenot RFC2396
conform.

In contrastto O-Telosund to RDF, O-Telos-RDFallows both
globally or object scopedproperties,thoughthe globally scoped
propertiesarejustaspecialcaseof theobjectscopedproperties.So,
ascanbe seenin example4, the definition of propertiesis object
centeredandis includedin theclassdefinition ratherthanwritten
outsideof theclassdefinitionin separatestatements.

If differentdomains(asin RDF(S))have to be expressedfor a
property, this propertyhasto beanobjectscopedproperty. When
using object scopedproperties,different rangesare possible(in
contrastto thecurrentRDF(S)specification).

2.1.5 LiteralsandOtherPrimitive Types
Literals l arerepresentedasindividualss(l,l,l,l). The setof all

literals is denotedby the individual otelos:literal. Otherprimitive
types(like the onesdefinedin the recentXML schemaspecifica-
tion, or Integer, Boolean,etc. from O-Telos)canbe introducedin
thesameway.

While the statementIDs for theseprimitive individualsareno
URIs, this representationallows usto usetheseindividualsconsis-
tently with currentRDF(S)/XML statements,by simply including
thevaluein astatement.

2.1.5.1 Comparisonto RDF(S)andO-Telos.
Axioms 5 and6 of [4] declarea literal asan object that is not

a resource.Theseliteralsareinstancesof rdfs:Literal. In contrast,
O-Telos(andO-Telos-RDF)declarepredefinedclasses,suchasLit-
eral(String),Boolean,Integer, etc.



2.2 Schema Definition Concepts and Predi-
cates

2.2.1 type
Statementsof theform s(sid,x,type,y)denoteclassmembership

of x in y. We talk aboutx beingan instanceof y, wherex andy
representeithertwo individualsor two properties.

AXIOM 2.9. Typestatementscanbewrittenusingtheauxiliary
predicatetype(x,y):�)�����	��
����$�������	��
"��7��6/�5����U % 7��6/�5$��
���U 

AXIOM 2.10. All statements,where subjectandobjectare dif-
ferent from the statementID and which use the label “type”,
are instancesof the setotelos:type, representedby the statement
s(otelos:type,otelos:statement,type,otelos:statement):�)�����	��
��.�$�������	��
��7��6/�5���.� "!*������� A&(
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AXIOM 2.11. Thelabel “type” of thesestatementsis uniquein
conjunctionwith the source objectx and the destinationobjecty.
Thestatementidentifiersid hastherefore theform x typey:�)�����	���������N����
"��/����$�������	����
��/���U )!X���������N����
"��/���� )!*�D/=&O7��6/�5> % �������	�+&L�����N�� 

AXIOM 2.12. Propertystatementscanbewrittenwith thename
of theproperty(insteadof a new label)byusingtheauxiliary pred-
icateP(x,m,y):

�������	���������N����
����������.���\*������������	����
"�������� )!X���������N�$��.���\Z���N )!]7��>/	5��������	���������N�� % M^��
��\*���� 

AXIOM 2.13. PropertiesP of a subjectx are alwaysexpressed
as a property statement,which is an instantiationof a property
definitionfor theclassc of which x is a memberof:�	
����������.���\*���	�������	���������N�7��>/	5���
"��.� "!=M^��
��\*���� )!X�$�������	����.���\*���N %`_ ���������N�$��
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AXIOM 2.14. In casex is an instanceof two classesc and d,
which both definea propertym, x hasalso to be an instanceof a
classg, which is a subclassof bothc andd, andwhich alsodefines
propertym:��
��\*������.>���	�������	���Q�����N����5���I�-7��6/�5$��
��.� )!=7��6/�5$��
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The axiom 2.14 handlesmultiple inheritance/instantiationin
casetwo classesof an objectboth definea commonproperty, by
demandinga third classtheobjectis aninstanceof, which defines
thispropertyandthusmakesinstantiatingthepropertyfor x unique.

Example 5: The following example shows the use of type-
statements.Let us assume,that thereis an individual calledLec-
tureUnit that hasa propertyof type String labeledtitle. Another
individual calledLectureUnit1is an instanceof LectureUnitand
instantiatesthepropertytitle with thevalue“LectureUnit 1”.

Pleasenotethatthefollowing examplesusethenamespacesrdf:,
rdfs:, s:, t: and otelos: insteadof the URIs with the statement-
declarations. We abbreviated the URIs in order to enhancethe
readabilityof theexamples.

<otelos:OTELOS
xmlns:t="http://www.kbs.uni-hannover.de/otelos

/2001/08/example-5#"
xmlns:otelos="http://www.kbs.uni-hannover.de

/otelos/2001/08/otelos-rdf-schema#">

<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>

We have themainstatements

s(sid1,sid1,LectureUnit,sid1)
s(sid2,sid1,title,otelos:Literal)
s(sid3,sid3,LectureUnit1,sid3)
s(sid4,sid3,title,"Lecture Unit 1")

andthetypestatementsfor LectureUnit1andLecture1title

s(sid5,sid3,type,sid1)
s(sid6,sid4,type,sid2)

In the restof the paper, we will not explicitly specifythe type
statementfor propertieslike “LectureUnit1 title” in the XML se-
rialization, whenever the label of the instantiatedpropertyis the
sameasthelabelusedin thedefinitionof thatpropertyandanex-
plicit typestatementis includedfor theobjecttheinstantiatedprop-
erty is associatedto. In thesecasesthetypedefinitiontuplecanbe
inferredby the O-Telos-RDFparserby usingthe label to look up
theappropriatepropertydefinitionwithin theclassspecifiedby the
type statementfor the objectcontainingthe instantiatedproperty.
This allows anXML serializationvery similar to theRDF(S)seri-
alization.

If the label of the instantiatedproperty statementis different
from thelabelusedin thepropertydefinition5, wewill useanXML
serializationfor instantiatedpropertieswhich includesthe typeof
the instantiatedpropertyasan additionalXML-attribute “type=”.
Usingthis serialization,example5 looksasfollows:

<otelos:OTELOS
xmlns:t="http://www.kbs.uni-hannover.de/otelosg

This is usuallydonefor multivaluedpropertiesandin metamodel-
ing application(wherethepropertydefinitionis definedfor ameta-
class,theinstantiatedpropertyfor aninstantiationof thismetaclass,
andthereforewill beinstantiateda secondtime).



/2001/08/example-5#"
xmlns:otelos="http://www.kbs.uni-hannover.de

/otelos/2001/08/otelos-rdf-schema#">

<otelos:Class ID="LectureUnit">
<title s="otelos:Literal">

</otelos:Class>

<otelos:Individual ID="LectureUnit1">
<type s="t:LectureUnit"/>
<title type="t:LectureUnit_title">
Lecture Unit 1</title>

</otelos:Individual>

</otelos:OTELOS>

We do not needto specify type statementsfor membershipin
otelos:individual, otelos:propertyandotelos:typebecausethey re-
sult from therespective axioms.

sid1=ns:LectureUnit
sid2=ns:LectureUnit_title
sid3=ns:LectureUnit1
sid4=ns:LectureUnit1_title
sid5=ns:LectureUnit1_type_ns:LectureUnit
sid6="ns:Lecture Unit 1_type_otelos:Literal"

2.2.1.1 Comparisonto RDF(S)andO-Telos.
Instantiationsof classesusing“type” aredonein thesamewayin

RDF(S)asin O-Telos-RDFaxioms2.11and2.9(correspondingto
theO-Telosaxioms4 and5). Furthermore,objectscaninstantiate
the attributesdefinedin their classesin the sameway in RDF(S)
andO-Telos-RDF(axioms2.12and2.13,correspondingto O-Telos
axioms7, 8 and9). Axiom 2.10correspondsto theO-Telosaxioms
27 and20.

In contrastto RDF(S) [4], which only has three abstraction
hierarchies(rdfs:class,classes,which are instancesof rdfs:class
and instancesof theseclasses)and representsproperty instan-
tiation implicitly (i.e. not by explicit statements),O-Telos and
henceO-Telos-RDFallow arbitrarilymany abstractionhierarchies,
becausetheir representationdoesnot distinguishbetweenmeta-
classes,classesandobjects,andinstantiationis representedexplic-
itly for propertiesaswell asfor individuals.

This instantiationof propertiesis definedin axioms2.12 and
2.13(correspondingto O-Telosaxioms7, 8 and9), andleadsto in-
stantiatedpropertystatements,whichhavea(possibly)differentla-
bel thanthepropertydefinitionsthey instantiate,andwhich canbe
instantiatedagainif needed.This is differentfrom RDF(S),where
instantiationis only explicit for individuals.6

Axiom 2.14(correspondingto O-Telosaxiom17) handlesmul-
tiple inheritance/instantiation.Suchan axiom is not necessaryin
RDF(S)becausepropertiesaredefinedseparatelyfrom classesany-
way, anda givenpropertycanhave just onerangerestriction.

Differently to RDF(S),otelos:typestandson its own andis dif-
ferentfrom otelos:property(axiom2.10,correspondingto O-Telos
axiom20).

Axiom 2.12(correspondingto O-Telosaxioms7 and8) defines
how to statepropertiesin an RDF(S)-like way. We can there-
fore translateRDF(S)-like propertystatementslike P(x,m,y) intoh
The missingexplicit instantiationof propertiesin RDF(S) is ac-

tually themainreasonfor its restrictionto thereabstractionlevels,
as instantiatedpropertystatementsneitherhave a label nor state-
ment ID, which makes it impossibleto uniquely referencethese
statementsasfirst classobjects.

thecorrespondingO-Telos-RDFstatementsby generatingaunique
object identifier anda label for the statementrepresentingthe in-
stantiatedpropertystatement,plus an additionalstatementfor the
instantiationrelationship.

2.2.2 DomainandRange
Domain and range propertieslike those in RDF(S) are not

needed,asdomainand rangerestrictionsarealreadyincludedin
all propertydefinitions. For compatibility reasons,we candefine
auxiliarypredicatesdomainandrangelike

�������	��.>��/��0���������	��.���/"��0� 1 �$<�\#9N��Wi�D/��.� )!#0�9�W c 5$�D/��0� 
or alternatively, as the (globally scoped) properties ote-

los:domainandotelos:range,definedby thestatements

s(otelos:domain,otelos:property,domain,
otelos:statement)

s(otelos:range,otelos:property,range,
otelos:statement)

AXIOM 2.15. Subjectsandobjectsin a statementrepresenting
an instantiatedpropertyare typedby the correspondingproperty
definition:�)�����	���������N�$��
����������������	����
�������� )!a7��6/�5$�������	���������N�� %j_ .���/"��0[���������N����.>��/��0� "!a7��6/�5$��
��.� )!]7��>/	5�������0� 

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

s(ns:p,otelos:statement,p,otelos:statement)

2.2.2.1 Comparisonto RDF(S)andO-Telos.
In contrastto O-Telos-RDF, RDF(S) has to statedomainand

rangeusingseparateproperties.
[4] definethe domainpropertyin rules19 to 21. It hasa car-

dinality of zeroor morewhich complieswith O-Telos-RDF. Fur-
thermore,[4] definethe rangepropertyin rules22 to 26. RDF(S)
restrictsthe rangepropertyto one rangeconstraintper property.
In contrast,eachO-Telos-RDFpropertydefinitionhasexactly one
rangeconstraint,but for differentdomainsdifferentpropertydefi-
nitionswith rangeconstraintsarepossible(axiom2.15). This cor-
respondsto O-Telosandits axiom14.

2.2.3 subClassOf
Statementsof the form s(sid,x,subClassOf,y)denotea subclass

relationshipbetweenx and y. We talk aboutx being a subclass
of y, wherex representsa classandy its superclass.x andy are
individuals.

AXIOM 2.16. The label “subClassOf” in subClassOf-
statementsis uniquein conjunctionwith the source object x and
thedestinationobjecty, thussidsare of theform x subClassOfy:�������	���������N�$��
����������������	����
�������� �!R���������N�$��
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AXIOM 2.17. We can also definean auxiliary predicatesub-
ClassOf(x,y):�)�����	��.�����$�������	��.>�Q��2	3�FG�;9��6��HJIU���N % ��2	3�FG�T9U�6��HJI��.����N 

AXIOM 2.18. The set of all subClassOf-statementsis repre-
sentedbythestatements(otelos:subClassOf,otelos:individual,sub-
ClassOf,otelos:individual).7

AXIOM 2.19. All statementswith a label “subClassOf” whose
sid is not equalto subjectand objectare members of the setote-
los:subClassOf:�)�����	��.�����$�������	��.>�Q��2	3�FG�;9��6��HJIU���N "!C������� A&(.� )!Z������� A&B�N 1 7��6/�5$�������	��<67�56�;<��GP���2	3�FG�T9U�6��HJI� 

The subClassOfrelationshipis a partial orderon thestatement
identifiers. This relationshipis reflexive aswell astransitive, and
doesnotcontaincycles,but usesreflexivity to stateequality.

AXIOM 2.20. Reflexivity of subClassOf:�)�����7��6/�5$�������	��<67�56�;<��[P$�:7�9$7�5�\R5�W�7� % ��2	3�FG�T9U�6��HJI�������	�Q�����N 

AXIOM 2.21. Transitivityof subClassOf:�)�����	���������N����������d��2	3�FG�;9��6��HJI�������	���������N�� )!R��2	3:.:�;9��>��HJI�������N����������d� % ��2	3�FG�;9��>��HJI�������	����������d� 

AXIOM 2.22. Nocycles,statementof equality:�)�����	���������N���2U3�FG�;9��6��HJI�������	���Q�����N�� "!#��2U3�FG�;9��6��HJI�������N�$�Q�����	�� % �������	�+&L�����N�� 

AXIOM 2.23. Classmembership is inherited upwardly to the
superclasses:��
"��.����7��6/�5$��
���N �!R��2	3�FG�T9U�6��HJI���	��.� % 7��6/�5$��
��.� 

2.2.3.1 Comparisonto RDF(S)andO-Telos.
Axiom 2.28,2.19,2.17and2.16correspondto O-Telosaxioms

28,21,6 and4, anddefinesubClassOfsimilarily to RDF(S).
Contraryto RDF(S),thesubClassOf-relationshipis definedasa

partial order, which is reflexive aswell astransitive. However (as
in RDF(S))subclassOfdoesnotcontaincycles,andusesreflexivity
just to stateequality(2.20,2.21and2.22,correspondingto O-Telos
axioms10,11,12).

Classmembershipinherits upwardly to the superclassesin all
formalisms(RDF(S) [4] in rule 13, O-Telos-RDFin axiom 2.23,
O-Telosin axiom13).k
Actually, becauseO-Telosusesthesamelabel “isA” (correspon-

ding to our “subClassOf”) for subclassingboth individuals and
properties,the direct translationfrom O-Teloswould be themore
generalstatements(otelos:subClassOf,otelos:statement,subClass-
Of,otelos:statement).However, in line with RDF(S)conventions,
we will distinguishbetweenthetwo conceptssubClassOfandsub-
PropertyOf.

2.2.4 subPropertyOf
For compatibility reasons to RDF(S), we define ote-

los:subPropertyOfseparately from subClassOf, even though
it hasall axiomsfrom subClassOf,plusadditionaloneswhich are
relevantfor subPropertyOfonly.

Statementsof the form s(sid,x,subPropertyOf,y)denotea sub-
propertyrelationshipbetweenx andy. We talk aboutx beinga
subpropertyof y, wherex representsa propertyand y its super-
property. x andy areproperties.

AXIOM 2.24. As for “subClassOf”, the label “subProper-
tyOf” in statementsis uniquein conjunctionwith thesourceobject
x andthedestinationobjecty:�)�����	���������N����
"����������������	����
�������U )!X���������N����
"�������� �!Z����&,��2	3�MG0><Q/	56067��NHJI� !7��6/�5$��
��<>7�5>�T<��[P:/	0><�/�5�0>7��U �!a7��6/�5$������<67�56�;<��GP�/	0><Q/	56067��� % �������	�+&,�����N�� 

AXIOM 2.25. The auxiliary predicate subPropertyOf(c,d) is
definedasfollows:��.����	�������7��6/�5$��.���<>7�56�;<��GP�/U0�<�/�5�0>7��� �!]7��6/�5$���	��<>7�56�;<��GP�/U0�<�/�5�0>7��� !f���������	��.>�Q��2U3�MG0><Q/�5�067��NHJIU���N % ��2U3�MG0><Q/�5�067��NHJI��.����N 

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

AXIOM 2.26. Reflexivity of subPropertyOf:�)�����7��6/�5$�������	��<67�56�;<��GP��:7�9$7�5�\X56W�7� % ��2	3:MG0�<�/�5�0>7��NHJI�������	�������N 

AXIOM 2.27. Transitivityof subPropertyOf:�)�����	���������N���Q������d��2U3�MG0><Q/�5�067��NHJI�������	���������N�� "!X��2	3:MG0�<�/�5�0>7��NHJI�������N�$��������d� !l7��6/�5$�������	����<67�56�;<��[P:/	0�<�/�5�067��� �!]7��>/	5��������N����<>7�56�;<��GPQ/	0�<�/�5�067��� 
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AXIOM 2.28. No cycles,statementof equality:�)�����	���������N���2U3�MG0><Q/�5�067��NHJI�������	���������N�� "!X��2	3:MG0�<�/�5�0>7��NHJI�������N�$�������	�6 !l7��6/�5$�������	����<67�56�;<��[P:/	0�<�/�5�067��� �!]7��>/	5��������N����<>7�56�;<��GPQ/	0�<�/�5�067��� % �������	�Y&L�����N�� 

AXIOM 2.29. Property membership is inherited upwardly to
thesuperproperties:��
��.>���7��6/�5$��
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AXIOM 2.30. All subPropertyOf-statementsare members of
the set otelos:subPropertyOf, which is representedby the state-



ment s(otelos:subPropertyOf,otelos:property,subPropertyOf, ote-
los:property)8, thussid are of theform x subPropertyOfy:�)�����	��.>��������������	��.��Q��2	3:MG0�<�/�5�0>7��NHJI	���N )!*������� A&B.� )!*������� A&(�N !7��6/�5$��.���<>7�56�;<��GP�/U0�<�/�5�0>7��� 	!=7��6/�5$���	��<>7�56�;<��GP�/U0�<�/�5�0>7��� 1 7��6/�5$�������	��<>7�56�;<��GP���2	3:MG0�<�/�5�067��NHJI� � 

AXIOM 2.31. Subclasses,which define properties with the
samenameaspropertiesof their classes,refinetheseproperties:�)�����	���������N�$��.����	��5���IU��\��2	3�FG�T9U�6��HJI���	��.� !X���������	����.>��\Z��5� )!X���������N�����	��\Z��I� % ��2	3�FG�;9��6�6HJI��IU��5> )!X��2	3�MG0><�/�5�0>7���HJI�������N���������	�� 

AXIOM 2.32. Furthermore, O-Telos-RDFrequiressubproper-
ties of propertiesto refinesubjectand objectof the propertiesas
well.�)�����	���������N����.����	��5���IU��\*�����2	3�MG0><Q/	56067��NHJI�������N���������	�� "!#�$�������	����.���\Z��5> "!#�$�������N�����	������I� % ��2	3�FG�;9��>��HJI���	��.� "!#��2	3�FG�;9��6��HJI��IU��5� 

Example 6: The following examplewill further clarify things.
Two resourcesarerelatedby a property. Also, theseresourcesare
further subclassed,thereforethe propertyhasto be subclassedas
well.

<otelos:OTELOS
xmlns:t="http://www.kbs.uni-hannover.de/otelos

/2001/08/example-6#"
xmlns:otelos="http://www.kbs.uni-hannover.de

/otelos/2001/08/otelos-rdf-schema#">

<otelos:Class ID="Lecture"/>

<otelos:Class ID="LectureUnit">
<parentCourse s="t:Lecture"/>

</otelos:Class>

<otelos:Class ID="Seminar">
<subClassOf s="t:Lecture"/>

</otelos:Class>

<otelos:Class ID="SeminarUnit">
<subClassOf s="t:LectureUnit"/>
<parentCourse s="t:Seminar"/>

</otelos:Class>

<otelos:Property ID="SeminarUnit_parentCourse">
<subPropertyOf

s="t:LectureUnit_parentCourse"/>
</otelos:Property>

</otelos:OTELOS>

This example declaresa lecture unit with a property parent-
Courseof type lecture. The subclassof LectureUnitcalledSem-
inarUnit must refinethe propertyparentCoursein order to useit.
Thusits valuehasto bea subclassof Lecture,e.g.Seminar.m
In principle, we could allow the application of subProper-

tyOf for instancesof otelos:type, otelos:subClassOfand ote-
los:subPropertyOf.This is actuallydonein O-Telos,asit doesnot
distinguishbetweensubClassOfandsubPropertyOf.

2.2.4.1 Comparisonto RDF(S)andO-Telos.
O-Telos-RDFtreatsotelos:subPropertyOfin basicallythesame

wayasotelos:subclassOf(likeO-Telos,whichdoesnotdistinguish
thesetwo conceptsat all). This is also consistentwith RDF(S),
so [4] definesrdfs:subPropertyOfvery similar to rdfs:subClassOf.
In RDF(S)a statementwith propertiesfor subjectandobjectanda
labelwith thevaluesubPropertyOfdeclaresthesubjectassubprop-
erty of theobject([4], rule 15),asis donein O-Telos-RDF, axioms
2.24 and2.25, and in O-Telos,axioms4 and6. O-TelosandO-
Telos-RDFdeclarea specialsetfor thesubPropertyOf-statements
(O-Telos-RDF, axiom2.30,O-Telosaxioms28and21).

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

Propertymembershipin O-Telos-RDFis inheritedupwardly to
the superclasses(axiom 2.29, correspondsto O-Telosaxiom 13).
[4] hasto definethis by introducingnew statementsfor superprop-
erties(rule17),asnoinstantiationstatementsfor propertiesexist in
RDF(S):

�)���-/"����/��$��<�������;/����<� )!R��2	3�MG0><�/�5�0>7���HJI�D/"���T/��� % �������-/��$��<� 
Axioms2.31and2.32(correspondingto O-Telosaxioms15and

16)do notexist in RDF(S).

2.3 Utility Concepts

2.3.1 SequencesandBags
RDF(S) has additionalutility constructsrdf:Seqand rdf:Bag,

usedto expresssequencesandbags.In our opinion,rdf:Bagis not
really necessary, asmulti-valuedpropertiesareexpressedsimply
by morethanoneinstantiatedpropertystatement.

As for rdf:Seq,thedisadvantageof thisconstructis, that(similar
to thecaseof theJava Vectorclass)it introducesuntypedrelation
ends,if it is usedasanexplicit class.BecauseO-Telos-RDFhasthe
capabilityof definingpropertieswith the domainotelos:property,
we will use this alternative way in O-Telos-RDFto expressse-
quences.

To expresssequencesin O-Telos-RDF, we includeanadditional
type called otelos:ordinal. otelos:ordinalis a subclassof ote-
los:literal. It specialisestheliteralsby usingonly integernumbers
prefixed by “ ” as labels,startingwith 1, 2, etc. The respective
statementsusethe label for sid, subject,predicateandobject. For
examplethestatements( 1, 1, 1, 1) representstheordinal“ 1”.

Furthermore we declare the new property otelos:sequence
with the statements(otelos:sequence,otelos:statement,sequence,o-
telos:ordinal)

Example 7: Let us assumethat we have a multivaluedprop-
erty sid1, and that sid2, sid3 and sid4 are instantiationsof that
property. Furthermore,wewantto representasequencingbetween
thesethreepropertystatements.

We have thefollowing property-statements:

s(sid1,Person,name,otelos:Literal)
s(sid2,JohnHarrySmith,name1,"John")
s(sid3,JohnHarrySmith,name2,"Harry")
s(sid4,JohnHarrySmith,name3,"Smith")
s(sid5,sid2,type,sid1)
s(sid6,sid3,type,sid1)
s(sid7,sid4,type,sid1)

Then,thefollowing statementsspecifythesequencing:



s(sid8,sid2,number,_1)
s(sid9,sid3,number,_2)
s(sid10,sid4,number,_3)

sid4,sid5andsid6areof typeotelos:sequence,specifiedby the
correspondingtype-statements:

s(sid11,sid8,type,otelos:sequence)
s(sid12,sid9,type,otelos:sequence)
s(sid13,sid10,type,otelos:sequence)

TheXML serializationlooksasfollows:

<otelos:OTELOS
xmlns:t="http://www.kbs.uni-hannover.de/otelos

/2001/08/example-7#"
xmlns:otelos="http://www.kbs.uni-hannover.de

/otelos/2001/08/otelos-rdf-schema#">

<otelos:Class ID="Person">
<name s="otelos:Literal"/>

</otelos:Class>

<otelos:Individual ID="JohnHarrySmith">
<type s="t:Person"/>
<name1 type="t:Person_name">John</name1>
<name2 type="t:Person_name">Harry</name2>
<name3 type="t:Person_name">Smith</name3>

</otelos:Class>

<otelos:Property ID="JohnHarrySmith_name1">
<number>_1</number>

</otelos:Property>

<otelos:Property ID="JohnHarrySmith_name2">
<number>_2</number>

</otelos:Property>

<otelos:Property ID="JohnHarrySmith_name3">
<number>_3</number>

</otelos:Property>

</otelos:OTELOS>

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

<otelos:OTELOS
xmlns:t="http://www.kbs.uni-hannover.de/otelos

/2001/08/example-7#"
xmlns:otelos="http://www.kbs.uni-hannover.de

/otelos/2001/08/otelos-rdf-schema#">

<otelos:Class ID="Person">
<name s="otelos:Literal"/>

</otelos:Class>

<otelos:Individual ID="JohnHarrySmith">
<type s="t:Person"/>
<name1 type="t:Person_name" number="_1">
John</name1>

<name2 type="t:Person_name" number="_2">
Harry</name2>

<name3 type="t:Person_name" number="_3">
Smith</name3>

</otelos:Class>

</otelos:OTELOS>

or useanimplicit sequencingof multivaluedattributesbasedon
the textual orderof the statements(which is actually the way se-
quencingis handledin O-Telos),dependingon the O-Telos-RDF
parserto generatethenecessarysequencingtriplesfor thesemulti-
valuedattributes:

<otelos:OTELOS
xmlns:t="http://www.kbs.uni-hannover.de/otelos

/2001/08/example-7#"
xmlns:otelos="http://www.kbs.uni-hannover.de

/otelos/2001/08/otelos-rdf-schema#">

<otelos:Class ID="Person">
<name s="otelos:Literal"/>

</otelos:Class>

<otelos:Individual ID="JohnHarrySmith">
<type s="t:Person"/>
<name1 type="t:Person_name">John</name1>
<name2 type="t:Person_name">Harry</name2>
<name3 type="t:Person_name">Smith</name3>

</otelos:Class>

</otelos:OTELOS>

2.3.1.1 Comparisonto RDF(S)andO-Telos.
In order to state sequences,RDF(S) specifiesthe container

rdf:Seq.Instancesof rdf:Seqgrouptogethertheresourcesof a se-
quenceby usingsimpleordinal properties.O-Telos-RDFsimpli-
fies this approachby usingthepossibility to statepropertiesabout
properties.ThusO-Telos-RDFavoids the introductionof untyped
containerslike rdf:Seqwhich is preferrablefor precisesemantical
modelling.

2.4 Modelling the lecture Artificial Intelli-
gence

The following exampleis taken from a modelof our lectures.
For simplicity reasonsit is asmallpartof thelargermodelonly.

On theclasslevel it statesthat lectureunitsbelongto a lecture.
Lectureunitshave a title anda description.A lectureunit consists
of theorypages,examples,etc. We alsoincludesimplesubclasses
respectivly instanceslike AI lectureunits,etc.

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

In thefollowing exampletheURIsof thenamespacesrdf:, rdfs:,
s:, t: andotelos:areabbreviatedwith theirnames.

<rdf:RDF xml:lang="en"
xmlns:rdf="http://www.w3.org/1999/02

/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.org/2000/01

/rdf-schema#"
xmlns:s="http://www.kbs.uni-hannover.de/otelos

/2001/08/example-schema#">

<rdf:Description ID="Lecture">
<rdf:type resource="rdfs:Class"/>

</rdf:Description>

<rdf:Description ID="LectureUnit">
<rdf:type resource="rdfs:Class"/>

</rdf:Description>

<rdf:Description ID="title">



<rdf:type resource="rdf:Property"/>
<rdfs:range resource="rdfs:Literal"/>
<rdfs:domain resource="s:LectureUnit"/>

</rdf:Description>

<rdf:Description ID="description">
<rdf:type resource="rdf:Property"/>
<rdfs:range resource="rdfs:Literal"/>
<rdfs:domain resource="s:LectureUnit"/>

</rdf:Description>

<rdf:Description ID="parentCourse">
<rdf:type resource="rdf:Property"/>
<rdfs:range resource="s:Lecture"/>
<rdfs:domain resource="s:LectureUnit"/>

</rdf:Description>

<rdf:Description ID="theoryPage">
<rdf:type resource="rdf:Property"/>
<rdfs:range resource="s:TheoryUnit"/>
<rdfs:domain resource="s:LectureUnit"/>

</rdf:Description>

<rdf:Description ID="parentUnit">
<rdf:type resource="rdf:Property"/>
<rdfs:range resource="s:LectureUnit"/>
<rdfs:domain resource="s:TheoryUnit"/>

</rdf:Description>

<rdf:Description ID="TheoryUnit">
<rdf:type resource="rdfs:Class"/>

</rdf:Description>

<rdf:Description ID="AILecture">
<rdf:type resource="s:Lecture"/>

</rdf:Description>

<rdf:Description ID="LectureUnit1">
<rdf:type resource="s:LectureUnit"/>
<title>Lecture Unit 1</title>
<description>

Introduction to intelligent agents
</description>
<parentCourse resource="s:AILecture"/>
<theoryPage

resource="http://.../Definitions.htm"/>
<theoryPage
resource="http://.../Characterisation.htm"/>

<theoryPage
resource="http://.../Structure.htm"/>

<theoryPage resource="http://.../Types.htm"/>
</rdf:Description>

<rdf:Description
about="http://.../Definitions.htm">

<rdf:type resource="s:TheoryUnit"/>
<parentUnit resource="s:LectureUnit1"/>

</rdf:Description>

<rdf:Description
about="http://.../Characterisation.htm">

<rdf:type resource="s:TheoryUnit"/>
<parentUnit resource="s:LectureUnit1"/>

</rdf:Description>

<rdf:Description

about="http://.../Structure.htm">
<rdf:type resource="s:TheoryUnit"/>
<parentUnit resource="s:LectureUnit1"/>

</rdf:Description>

<rdf:Description about="http://.../Types.htm">
<rdf:type resource="s:TheoryUnit"/>
<parentUnit resource="s:LectureUnit1"/>

</rdf:Description>
</rdf:RDF>

In O-Telos-RDF, this examplelooksasfollows:

<otelos:OTELS xml:lang="en"
xmlns:otelos="http://www.kbs.uni-hannover.de

/otelos/2001/08/otelos-rdf-schema#"
xmlns:t="http://www.kbs.uni-hannover.de/otelos/

/2001/08/example-otelos-schema#">

<otelos:Class ID="Lecture"/>

<otelos:Class ID="LectureUnit">
<title s=otelos:Literal/>
<description s=otelos:Literal/>
<parentCourse s=t:Lecture/>
<theoryPage s=t:TheoryUnit/>

</otelos:Description>

<otelos:Class ID="TheoryUnit">
<parentUnit s="t:LectureUnit"/>

</otelos:Class>

<otelos:Class ID="AILecture">
<type s="t:Lecture"/>

</otelos:Class>

<otelos:Individual ID="LectureUnit1">
<type s="t:LectureUnit"/>
<title>Lecture Unit 1</title>
<description>
Introduction to intelligent agents

</description>
<parentCourse s="t:AILecture"/>
<theoryPage1 type="t:LectureUnit_theoryPage

s="http://.../Definitions.htm"/>
<theoryPage2 type="t:LectureUnit_theoryPage

s="http://.../Characterisation.htm"/>
<theoryPage3 type="t:LectureUnit_theoryPage

s="http://.../Structure.htm"/>
<theoryPage4 type="t:LectureUnit_theoryPage

s="http://.../Types.htm"/>
</otelos:Individual>

<otelos:Description
about="http://.../Definitions.htm">

<type s="t:TheoryUnit"/>
<parentUnit s="t:LectureUnit1"/>

</otelos:Description>

<otelos:Description
about="http://.../Characterisation.htm">

<type s="t:TheoryUnit"/>
<parentUnit s="t:LectureUnit1"/>

</otelos:Description>

<otelos:Description
about="http://.../Structure.htm">



<type s="t:TheoryUnit"/>
<parentUnit s="t:LectureUnit1"/>

</otelos:Description>

<otelos:Description
about="http://.../Types.htm">

<type s="t:TheoryUnit"/>
<parentUnit s="t:LectureUnit1"/>

</otelos:Description>

</otelos:OTELOS>

Membershipin otelos:individual, otelos:property, otelos:type
etc. is automaticallybasedon thesyntacticform of thestatements,
sowe do notdeclareany explicit type-statementsfor theseclasses.
Type-statementsfor properties,wherethe instantiatedproperties
have the samelabel like the property definition, are introduced
automaticallyby the parser, as well as individual-statementsof
all URLs usedin this example. Type-statementsfor the multi-
ple instantiationsof LectureUnittheoryPagearehandledusingthe
“type=” XML-attribute.

The statementsof the RDF(S)-representationaregeneratedby
the SiRPac [15] parser. The prefix online: representsconstructs
withoutanURI, genidrepresentsautomaticallygeneratedIDs.

(NotethatwereplacedtheURIsin theexampleby therespective
namespacesin orderto improve thereadability.):

Nr. Statement(subject,predicate,object)
1 s(online:Lecture,rdf:type,rdfs:Class)
2 s(online:LectureUnit,rdf:type,rdfs:Class))
3 s(online:title,rdf:type,rdf:Property))
4 s(online:genid2,resource,rdfs:Literal)
5 s(online:title,rdfs:range,online:genid2)
6 s(online:genid5,resource,s:LectureUnit)
7 s(online:title,domain,online:genid5)
8 s(online:description,type,rdf:Property)
9 s(online:genid8,resource,rdfs:Literal)
10 s(online:description,range,online:genid8)
11 s(online:genid11,resource,s:LectureUnit)
12 s(online:description,domain,online:genid11)
13 s(online:parentCourse,type,rdf:Property)
14 s(online:genid14,resource,s:Lecture)
15 s(online:parentCourse,range,online:genid14)
16 s(online:genid17,resource,s:LectureUnit)
17 s(online:parentCourse,domain,online:genid17)
18 s(online:parentUnit,type,rdf:Property)
19 s(online:genid20,resource,s:LectureUnit)
20 s(online:parentUnit,range,online:genid20)
21 s(online:genid23,resource,s:TheoryUnit)
22 s(online:parentUnit,domain,online:genid23)
23 s(online:theoryPage,type,rdf:Property)
24 s(online:genid26,resource,s:TheoryUnit)
25 s(online:theoryPage,range,online:genid26)
26 s(online:genid29,resource,s:LectureUnit)
27 s(online:theoryPage,domain,online:genid29)
28 s(online:TheoryUnit,type,rdfs:Class)
29 s(online:AILecture,type,s:Lecture)
30 s(online:LectureUnit1,type,s:LectureUnit)
31 s(online:LectureUnit1,online:title,LectureUnit 1)
32 s(online:LectureUnit1,online:description,

Introductionto intelligentagents)

Nr. Statement(subject,predicate,object)
33 s(online:genid34,resource,s:AILecture)
34 s(online:LectureUnit1,online:parentCourse,

online:genid34)
35 s(online:genid37,resource,http://.../Definitions.htm)
36 s(online:LectureUnit1,online:theoryPage,

online:genid37)
37 s(online:genid40,resource,

http://.../Characterisation.htm)
38 s(online:LectureUnit1,online:theoryPage,

online:genid40)
39 s(online:genid43,resource,http://.../Structure.htm)
40 s(online:LectureUnit1,online:theoryPage,

online:genid43)
41 s(online:genid46,resource,http://.../Types.htm)
42 s(online:LectureUnit1,online:theoryPage,

online:genid46)
43 s(http://.../Definitions.htm,type,s:TheoryUnit)
44 s(online:genid50,resource,s:LectureUnit1)
45 s(http://.../Definitions.htm,online:parentUnit,

online:genid50)
46 s(http://.../Characterisation.htm,type,s:TheoryUnit)
47 s(online:genid54,resource,s:LectureUnit1)
48 s(http://.../Characterisation.htm,online:parentUnit,

online:genid54)
49 s(http://.../Structure.htm,type,s:TheoryUnit)
50 s(online:genid58,resource,s:LectureUnit1)
51 s(http://.../Structure.htm,online:parentUnit,

online:genid58)
52 s(http://.../Types.htm,type,s:TheoryUnit)
53 s(online:genid62,resource,s:LectureUnit1)
54 s(http://.../Types.htm,online:parentUnit,

online:genid62)

The O-Telos-RDF statementsgenerated from the XML-
representationareappendedbelow. For simplicity, statementIDs
areonly referencedsymbolically, but they canbederivedfrom the
rulesstatedin theearliersections.

s(sid1,sid1,Lecture,sid1)

s(sid2,sid2,LectureUnit,sid2)
s(sid3,sid2,title,otelos:Literal)
s(sid4,sid2,description,otelos:Literal)
s(sid5,sid2,parentCourse,sid1)
s(sid6,sid2,theoryPage,sid7)

s(sid7,sid7,TheoryUnit,sid7)
s(sid8,sid7,parentUnit,sid2)

s(sid9,sid9,AILecture,sid9)
s(sid10,sid9,type,sid1)

s(sid11,sid11,LectureUnit1,sid11)
s(sid12,sid11,type,sid2)
s(sid13,sid11,title,"Lecture Unit 1")
s(sid14,sid13,type,sid3)
s(sid15,sid11,description,

"Introduction to intelligent agents")
s(sid16,sid15,type,sid4)
s(sid17,sid11,parentCourse,sid9)
s(sid18,sid17,type,sid5)
s(sid19,sid11,theoryPage1,sid27)
s(sid20,sid19,type,sid6)
s(sid21,sid11,theoryPage2,sid31)



s(sid22,sid21,type,sid6)
s(sid23,sid11,theoryPage3,sid35)
s(sid24,sid23,type,sid6)
s(sid25,sid11,theoryPage4,sid39)
s(sid26,sid25,type,sid6)

s(sid27,sid27,"http://.../Definition.htm",sid27)
s(sid28,sid27,type,sid7)
s(sid29,sid21,parentUnit,sid11)
s(sid30,sid29,type,sid8)

s(sid31,sid31,
"http://.../Characterisation.htm",sid31)

s(sid32,sid31,type,sid7)
s(sid33,sid31,parentUnit,sid11)
s(sid34,sid33,type,sid8)

s(sid35,sid35,"http://.../Structure.htm",sid35)
s(sid36,sid35,type,sid7)
s(sid37,sid35,parentUnit,sid11)
s(sid38,sid37,type,sid8)

s(sid39,sid39,"http://.../Types.htm",sid39)
s(sid40,sid39,type,sid7)
s(sid41,sid39,parentUnit,sid11)
s(sid42,sid41,type,sid8)

For simplicity reasons,we left out statementsfor declaringthe
literalsusedasinstancesof otelos:literal.Similarly, all typestate-
mentsareinstancesof otelos:type,all individualsareinstancesof
otelos:individualandall propertiesareinstancesof otelos:property.
Thesestatementscanbededucedfrom therespective axioms.

3. DISCUSSION
In this paperwe describedtheformalizationof anRDF(S)vari-

ant calledO-Telos-RDF, which providesenhancedfunctionalities
for meta-modelingand reified statements.The formalization is
basedvery closelyon the formalizationof themodelinglanguage
O-Telos,which is basedon a semanticnetwork modelsimilar to
RDF(S).Axioms andconstraintsareclearlydefined.In thelonger
report,we includeall theseaxiomsin an appendix,togetherwith
theircounterpartsin O-TelosandRDF(S).Thisexactformalization
will hopefullycontributeto anunderstandingof bothO-Telos-RDF
and(in thiscontext) thecurrentRDF(S)formalization.

Comparedwith RDF, O-Telos-RDFshows its advantagesin al-
lowing easierreificationof statements,andin metamodellingappli-
cations,wheremorethanthreeabstractionhierarchiesareneeded.
Furthermore,the classcentricapproachto propertydefinition al-
lows thedefinition of propertieswith thesamenamefor different
domains,whichhave differentranges(notpossiblein RDF(S)).

Thesepropertiesseemto make O-Telos-RDFmore similar to
DAML+OIL thanRDF(S)is (in thesensethatDAML+OIL is more
easily/naturallyrepresentedin O-Telos-RDFthan in RDF(S)).A
detaileddiscussionof this relationshipwill be includedin a forth-
comingreport. Similarily, we will discussreasoningfunctionali-
tities for O-Telos-RDF, basedon theDatalogn reasoningfacilities
alreadypresentin O-TelosandConceptBase.
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APPENDIX

A. BASIC XML-SERIALISA TION
ThebasicXML-serialisationstatedhereresemblesvery closely

thebasicXML-serialisationof RDF, givenin theRDF Syntaxand
ModelSpecification[5], in orderto necessitateonly minorchanges
in currentRDFparsers.It isusedto expresstheO-Telos-RDFstate-
mentsin XML, andin its currentform takescareof theprimitive
types“Literal” and “Statement”(and their subclasses).Its main
purposeis the groupingof multiple statementsfor the samere-
sourceinto a descriptionelementusingXML syntax.

As in the RDF Syntaxand Model Specificationthe OTELOS
elementis a simplewrapperthat marksthe beginning andendof
O-Telos-RDFstatementsin anXML document.

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

1) OTELOS ::= [’ o otelos:OTELOSp ’] description*
[’ o /otelos:OTELOSp ’]

2) desLabel ::= otelos:Descriptionq otelos:Classq
otelos:Individual q otelos:Property

2a) description ::= ’ o ’ desLabel
idAboutAttr? ’ p ’ propertyElt*
’ oOr ’ desLabel’ p ’q ’ o ’ desLabel
idAboutAttr? ’ rsp ’

3) idAboutAttr ::= idAttr q aboutAttr
4) aboutAttr ::= ’about=”’ statement-reference’”’
5) idAttr ::= ’ID=”’ IDsymbol’”’
6) propertyElt ::= ’ o ’ labelpropertyEltExt?’ p ’ value

’ oOr ’ label’ p ’q labelpropertyEltExt?’ rsp ’
6a) propertyEltExt ::= statementAttrq typeAttrq statementAttrtypeAttrq typeAttrnumberAttrq statementAttrtypeAttr numberAttr
7) label ::= name
8) value ::= descriptionq string
9) statement- ::= ’s=”’ statement

Attr -reference’”’
9a) typeAttr ::= ’ type=”’ statement

-reference’”’
9b) numberAttr ::= ’number=”’ ordinal’”’
9c) ordinal ::= ’ ’number
9d) number ::= (any positive integervalue)
10) statement ::= string,interpretedas

-reference statement-ID,includesNSprefix
11) IDsymbol ::= (any legalXML namesymbol)
12) name ::= (any legalXML namesymbol)
13) NSprefix ::= (any legalXML namespaceprefix)
14) string ::= (any XML text, with ” o ”,

” p ”, and”&” escaped)


