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ABSTRACT
Richly interlinked,machine-understandabledataconstitutetheba-
sis for the SemanticWeb. We provide a framework, CREAM,
that allows for creationof metadata.While the annotationmode
of CREAM allows to createmetadatafor existing web pages,the
authoringmodeletsauthorscreatemetadata— almostfor free—
while puttingtogetherthecontentof apage.

As a particularityof our framework, CREAM allows to create
relationalmetadata, i.e. metadatathat instantiateinterrelatedde�-
nitionsof classesin adomainontologyratherthanacomparatively
rigid template-likeschemaasDublin Core.Wediscusssomeof the
requirementsonehasto meetwhendevelopingsuchanontology-
basedframework, e.g. the integration of a metadatacrawler, in-
ferenceservices,documentmanagementanda meta-ontology, and
describeits implementation,viz. Ont-O-Mat,a component-based,
ontology-drivenWebpageauthoringandannotationtool.

Categoriesand SubjectDescriptors
H.3.1 [Inf ormation Storage and Retrieval]: ContentAnalysis
andIndexing—Indexingmethods; I.2 [Computing Methodologies]:
Arti�cial Intelligence;I.7.1[DocumentandTextProcessing]: Doc-
umentandText Editing

GeneralTerms
Design,HumanFactors

Keywords
Annotation,Metadata,SemanticWeb,RDF

1. INTRODUCTION
The SemanticWeb builds on metadatadescribingthe contents

of Webpages.In particular, theSemanticWebrequiresrelational
metadata,i.e. metadatathatdescribehow resourcedescriptionsin-
stantiateclassde�nitions andhow they aresemanticallyinterlinked
by properties.In a previous paper[16], we have describeda �rst
versionof CREAM (CREAtingMetadata)asanannotationframe-
work suitedto allow for theeasyandcomfortablecreationof such
relationalmetadataandwe have provided an annotationtool that
implementsthis framework, calledOnt-O-Mat.1

However, Ont-O-MatV0.1— likeotherannotationenvironments
— hasa majordrawback. In orderto provide metadataaboutthe
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contentsof aWebpage,theauthormust�r st createthecontentand
secondannotatethecontentin anadditional,a-posteriori,annota-
tion step.

As a way out of this problem,we proposethatan authorneeds
thepossibility to easilycombineauthoringof a Webpageand the
creationof relationalmetadatadescribingits content.Scrutinizing
thedif�culties oneencountersfor sucha webpageauthoringtool,
we foundthat they arevery similar to theonesfor annotatingweb
pageswith relationalmetadata.In fact, we found it preferableto
hide the borderbetweenauthoringandannotationasfar aspossi-
ble. Therefore,ratherthanbuilding acompletelynew tool, wehave
extendedtheframework CREAM andthetool Ont-O-Matin order
to re�ect theneedsfor metadatacreationthatwebpageauthorsand
a-posterioriannotatorshave. This required,in particular, theintro-
ductionof

� a Meta Ontology thatdescribeshow theannotationandau-
thoringmodesof Ont-O-Matinterferewith classesandprop-
ertiesof theontologyproper, and

� new Modes of Interaction that allow for switching easily
back-and-forthbetweenauthoringandannotation.

In thefollowing we �rst sketchtwo usagescenarios(Section2),
describingsomeof therequirementswe mustmeetfor thecreation
of metadata.Then,we explain our terminologyin moredetailand
give an exampleof the metadatawe want to create.We derive in
Section4 thedesignof CREAM from therequirementselaborated
before.In Section5, we specifyhow themetaontologymaymod-
ularizetheontologydescriptionfrom theway theontologyis used
in CREAM. In Section6, we explain themajormodesof interac-
tion with Ont-O-Mat,our implementationof CREAM. Beforewe
conclude,we give a survey of relatedwork in theareasknowledge
markupon the Web, knowledgeacquisition,annotationenviron-
mentsandauthoringenvironments.

2. SCENARIOS AND REQUIREMENTS FOR
CREAM

The origin of our work facing this challengedatesback to the
startof theseminalKA2 intiative [1], i.e. the initiative for provid-
ing semanticmarkupon HTML pagesfor theknowledgeacquisi-
tion communityandits presentationin aWebportal[32]. TheKA2
portal providesa view onto knowledgeof the knowledgeacquisi-
tion community. Besidesof semanticretrieval asprovided by the
originalKA2 initiative,it allowscomprehensive meansfor navigat-
ing andqueryingtheknowledgebaseandalsoincludesguidelines
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for building sucha knowledgeportal. Thepotentialusersprovide
knowledge,e.g.by annotatingtheir web pagesin a decentralized
manner. Theknowledgeis collectedat theportalby crawling and
presentedin a varietyof ways.

Similarly, oursecondscenariohere,wehaveusedsemanticmark-
up in orderto provide knowledgeaboutthe TIME (telecommuni-
cation,IT, multimedia,e-business)marketsin theTIME2Research
portal [33]. Thus, we have createda knowledgeportal for busi-
nessanalysts. The principal idea is that businessanalystreview
news tickers,businessplansandbusinessreports.A considerable
partof their work requiresthecomparisonandaggregationof sim-
ilar or relateddata,which may be doneby semanticquerieslike
“Which companiesprovide B2B solutions?”,whentheknowledge
is semanticallyavailable.At theTime2Researchportalthey handle
different typesof documents,annotatethemand, thus, feedback
into theportalto which they mayaskquestions.

At the startof thesetwo casestudies,we hadthe intuition that
thesecasesmay be easilysupportedby a simpleannotationtool.
During thecourseof theprojects,however, we found thatwe had
to facemany principalproblems.Also, we foundthatthetwo sce-
narioswould never succeedin the end if we did not give people
thepossibilityto easilycreatedocumentsandtheirmetadatain one
step.

Theprincipalrequirementsfor a-posterioriannotationaswell as
for the integration of webpage authoringwith metadatacreation
canbeoutlinedasfollows:

� Consistency: Semanticstructuresshouldadhereto a given
ontologyin orderto allow for bettersharingof knowledge.
For example, it should be avoided that peopleuse an at-
tribute,wheretheontologyrequiresa conceptinstance.

� Proper Reference: Identi�ers of instances,e.g. of persons,
institutesor companies,shouldbe unique. For instance,in
KA2 metadatathereexistedthreedifferentidenti�ers of our
colleagueDieterFensel.Thus,knowledgeabouthim could
notbegraspedwith a straightforwardquery.2

� Avoid Redundancy: Decentralizedknowledgeprovisioning
shouldbepossible.However, whenannotatorscollaborate,it
shouldbepossiblefor themto identify (partsof) sourcesthat
havealreadybeenannotatedandto reusepreviouslycaptured
knowledgein orderto avoid laboriousredundantannotations.

� Relational Metadata: Like HTML information, which is
spreadon the Web,but relatedby HTML links, knowledge
markupmaybedistributed,but it shouldbesemanticallyre-
lated.Currentannotationtoolstendto generatetemplate-like
metadata,which is hardly connected,if at all. For exam-
ple, annotationenvironmentsoften supportDublin Core[8,
9, 23], providing meansto state,e.g., the nameof authors,
but not their IDs3.

� Maintenance: Knowledgemarkupneedsto be maintained.
An annotationtool shouldsupportthemaintenancetask.This
needsto beexploredin futurework.

� Easeof use: It is obvious that an annotationenvironment
shouldbeeasyto usein orderto bereally useful. However,
this objective is not easilyachieved, becausemetadatacre-
ationinvolvesintricatenavigationof semanticstructures.
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In the web context one typically usesthe term `URI' (uniform
resourceidenti�er) to speakof `uniqueidenti�er'.

� Ef�ciency : The effort for the productionof metadatais a
largerestrainingthreshold.Themoreef�ciently a tool sup-
portsmetadatacreation,themoremetadatauserstendto pro-
duce. This requirementis relatedto theeaseof use. It also
dependson theautomationof themetadatacreationprocess,
e.g.on thepreprocessingof thedocument.

Thenew versionof CREAM presentedheretargetsata compre-
hensive solutionfor metadatacreationduringwebpageauthoring
anda-posterioriannotation.The objective is pursuedby combin-
ing advancedmechanismsfor inferencing,factcrawling, document
management,metaontologyde�nitions, metadatare-recognition,
contentgeneration,and(in thefuture)informationextraction— as
explainedin thefollowing sections.

3. RELATION AL METADATA
Weelaboratetheterminologywe usein our framework, because

many of the termsthat areusedwith regardto metadatacreation
tools carry several, ambiguousconnotationsthat imply conceptu-
ally importantdecisionsfor thedesignrationaleof CREAM:

� Ontology: An ontologyis a formal, explicit speci�cationof
a sharedconceptualizationof a domainof interest[15]. In
ourcaseit is constitutedby statementsexpressingde�nitions
of DAML+OIL classesandproperties[13].

� Annotations: An annotationin ourcontext is asetof instan-
tiationsattachedto anHTML document.We distinguish(i)
instantiationsof DAML+OIL classes,(ii) instantiatedprop-
ertiesfromoneclassinstancetoadatatypeinstance— hence-
forth calledattributeinstance(of theclassinstance),and(iii)
instantiatedpropertiesfromoneclassinstancetoanotherclass
instance— henceforthcalledrelationshipinstance.

ClassinstanceshaveuniqueURIs,e.g.like'urn:rdf:936694d5-
ca907974ea16565de20c997a-0'.4 They frequentlycomewith
attributeinstances,suchasahuman-readablelabellike`Stef-
fen'.

� Metadata: Metadataaredataaboutdata.In our context the
annotationsaremetadataabouttheHTML documents.

� Relational Metadata: We usethe term relationalmetadata
to denotetheannotationsthatcontainrelationshipinstances.

Often,theterm“annotation”is usedto meansomethinglike
“privateor sharednote”, “comment”or “Dublin Coremeta-
data”. This alternative meaningof annotationmay beemu-
latedin ourapproachby modellingthesenoteswith attribute
instances.For instance,a commentnote“I like this paper”
would be relatedto the URL of the papervia an attribute
instancèhasComment'.

In contrast,relationalmetadataalsocontainstatementslike
`Siegfried cooperateswith Steffen', i.e. relationalmetadata
containrelationshipsbetweenclassinstancesratherthanonly
textualnotes.

Figure1 illustratesouruseof theterms“ontology”, “annotation”
and“relationalmetadata”.It depictssomepartof theSWRC5 (se-
manticwebresearchcommunity)ontology. Furthermoreit shows
two homepages,viz. pagesaboutSiegfriedandSteffen
(http://www.aifb.uni-karlsruhe.de/WBS/sha and

	

In the Ont-O-Mat implementationwe createthe URIs with the
createUniqueResourcemethodof theRDF-API
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GraduateGraduate

PhDStudentPhDStudent LecturerLecturer

Academic StaffAcademic Staff

PersonPerson

rdfs:subClass rdfs:subClass

rdfs:subClassrdfs:subClass

cooperatesWithcooperatesWith

rdfs:hasRangerdfs:hasDomainOntology

<swrc : Lecturer
rdf :ID=" urn: rdf :936694d5ca9079
74ea16565de20c997a - 0">

<swrc : name>Steffen Staab
</ swrc : name>

...
</ swrc : Lecturer >

<swrc : Lecturer
rdf :ID=" urn: rdf :936694d5ca9079
74ea16565de20c997a - 0">

<swrc : name>Steffen Staab
</ swrc : name>

...
</ swrc : Lecturer >

http://www. aifb . uni - karlsruhe .de/WBS/ ssthttp://www. aifb . uni - karlsruhe .de/WBS/ sst

rdf:type rdf:type

Anno-
tation

<swrc : PhDStudent
r df :ID=" urn : rdf :947794d5ca907974ea16565
de21c998a - 0">
<swrc : name>Siegfried Handschuh
</ swrc : name>

...
</ swrc : PhDStudent >

Web
Page

http://www. aifb . uni - karlsruhe .de/WBS/ shaURL

<swrc : cooperate sWith rdf :resource =
"http://www. aifb . uni - karlsruhe .de/

WBS/sst #urn: rdf :936694d5ca907974ea16
565de20c997a - 0"/>

swrc:cooperatesWith

Figure1: Annotation example.

http://www.aifb.uni-karlsruhe.de/WBS/sst , respectively)
with annotationsgiven in anXML serializationof RDF facts.For
thetwo personsthereareinstancesdenotedby correspondingURIs
(urn:rdf:947794d5ca907974ea16565de21c998a-0andurn:rdf:9366-
94d5ca907974ea16565de20c997a-0).Theswrc:nameof urn:rdf:94-
7794d5ca907974ea16565de21c998a-0 is “Siegfried Handschuh”.
In addition, thereis a relationshipinstancebetweenthe two per-
sons,viz. they cooperate.This cooperationinformation`spans'the
two pages.

Theobjective of CREAM is to allow for theeasygenerationof
suchatargetrepresentationirrespectiveof whetherthemajormode
of interactionis a-posterioriannotationor webpageauthoring.

4. DESIGN OF CREAM

4.1 CREAM Modules
The requirementsandconsiderationsfrom Sections1 to 3 feed

into thedesignrationaleof CREAM. Thedesignrationalelinks the
requirementswith the CREAM modules. This resultsin a N:M
mapping(neitherfunctionalnor injective). An overview of thema-
trix is givenin Table1.

� DocumentEditor/V iewer: Thedocumenteditor/viewer vi-
sualizesthe documentcontents.The metadatacreatormay
easilyprovide new metadataby selectingpiecesof text and

aligning it with partsof theontology. Thedocumentviewer
shouldsupportvariousformats(HTML, PDF, XML, etc.).

� Content Generation: The editor also allows the conven-
tionalauthoringof documents.In addition,instancesalready
availablemaybedraggedfrom a visualizationof thecontent
of theannotationinferenceserver anddroppedinto thedoc-
ument.Thereby, somepieceof text and/ora link is produced
taking into accountthe informationfrom themetaontology
(cf. Section5). Thenewly generatedcontentis alreadyanno-
tatedandthemetaontologyguidestheconstructionof further
information,e.g.furtherXPointersareattachedto instances.

� Ontology Guidance and Fact Browser: The framework
needsguidancefrom theontology. In orderto allow for shar-
ing of knowledge,newly createdannotationsmustbe con-
sistentwith a community's ontology. If metadatacreators
instantiatearbitraryclassesandpropertiesthe semanticsof
thesepropertiesremainsvoid. Of coursetheframework must
beableto adaptto varyingontologiesin orderto re�ect dif-
ferentfoci of themetadatacreators.

Furthermore,theontologyandthebrowserfor alreadygiven
factsare important in order to guide metadatacreatorsto-
wardscreatingrelationalmetadata.We have donesomepre-
liminaryexperimentsandfoundthatsubjectshavemoreprob-
lemswith creatingrelationshipinstancesthanwith creating



attributeinstances(cf. [34]). Withouttheontologythey would
missevenmorecuesfor assigningrelationshipsbetweenclass
instances.

Both ontologyguidance/fact browseranddocumenteditor/-
viewer shouldbe easyto use: Drag'n'drop helpsto avoid
syntaxerrorsandtyposandagoodvisualizationof theonto-
logy canhelp to correctlychoosethemostappropriateclass
for instances.

� Crawler: Thecreationof relationalmetadatamusttakeplace
within the SemanticWeb. During metadatacreationsub-
jectsmustbe awareof which entitiesexist alreadyin their
partof theSemanticWeb. This is only possibleif a crawler
makesrelevantentitiesimmediatelyavailable. So,metadata
creatorsmay look for properreference,i.e. decidewhether
an entity alreadyhasa URI (e.g.whetherthe entity named
“Dieter Fensel”or “D. Fensel”hasalreadybeenidenti�ed
by someothermetadatacreators)andonly by thiswaymeta-
datacreatorsmayrecognizewhetherpropertieshave already
beeninstantiated(e.g.whether“Dieter Fensel”hasalready
beenlinkedto his publications).As a consequenceof meta-
datacreators'awarenessrelationalmetadatamaybecreated,
becauseclassinstancesbecomerelatedratherthanonly �at
templatesare�lled.

Wehavebuilt aRDFCrawler6, abasictool thatgathersinter-
connectedfragmentsof RDFfrom theWebandbuildsalocal
knowledgebasefrom this data(cf. [16] for a moredetailed
description).

� Annotation Infer enceServer: Relationalmetadata,proper
referenceandavoidanceof redundantannotationrequireque-
rying for instances,i.e.queryingwhetherandwhichinstances
exist. For thispurposeaswell asfor checkingof consistency,
weprovide anannotationinferenceserver in our framework.
Theannotationinferenceserverreasonsoncrawledandnewly
createdinstancesandontheontology. It alsoservestheonto-
logicalguidanceandfactbrowser, becauseit allows to query
for existingclasses,instancesandproperties.

We useOntobroker's [5] underlyingF-Logic [22] basedin-
ferenceengineSilRI [4] asannotationinferenceserver. The
F-Logicinferenceenginecombinesordering-independentrea-
soningin a high-level logical languagewith a well-founded
semantics.

However, other schemeslike the DAML+OIL FACT rea-
soner[19, 3] or a fact servingpeer[29] may be exploited,
too.

� DocumentManagement: Wedistinguishtwo scenarios.First,
whenannotatingone'sown Webpages,oneknowswhenthey
changeandonecaninstall organizationalroutinesthatkeep
trackof annotationandchangesof annotation(e.g.onthean-
notationinferenceserver). In thesecondscenario,onemay
want to annotateexternal resources(cf., e.g., [30]). In this
caseonemustavoid redundancy of annotationefforts, it is
not suf�cient to ask whetherinstancesexist at the annota-
tion inferenceserver. Whenanannotatordecidesto capture
knowledgefrom awebpage,hedoesnotwantto queryfor all
singleinstancesthat he considersrelevant on this page,but
he wantsinformation, whetherandhow this web pagehas
beenannotatedbefore.Consideringthedynamicsof HTML

�

RDFCrawler is freelyavailablefor downloadat:
http://ontobroker.semanticweb.org/rdfcrawler .

pageson theweb, it is desirableto storeforeignwebpages
onehasannotatedtogetherwith their annotations.Whenthe
foreign web pagechanges,the old annotationsmay still be
valid or they may becomeinvalid. The annotatormustde-
cidebasedon theold annotationsandbasedon thechanges
of thewebpage.A futuregoalof thedocumentmanagement
in our framework will be the semi-automaticmaintenance
of annotationson foreign web pages.Whenonly few parts
of a documentchange,patternmatchingmay proposerevi-
sion of old annotations.In our currentimplementationwe
usea straightforward �le-system baseddocumentmanage-
ment approach.Ont-O-Mat usesthe URI to detectthe re-
encounterof previously annotateddocumentsandhighlights
annotationsin theold documentfor theuser. Thentheuser
maydecideto ignoreor evendeletetheold annotationsand
createnew metadata,he may augmentexisting data,or he
may just be satis�ed with what hasbeenpreviously anno-
tated. In orderto recognizethata documenthasbeenanno-
tatedbefore,but now appearsundera differentURI, Ont-O-
Mat computessimilarity with existing documentsby simple
informationretrieval methods,e.g. comparisonof theword
vectorof a page.If therebya similarity is discovered,this is
indicatedto theuser, sothathecancheckfor congruency.

� MetadataRe-recognition& Inf ormation Extraction: Even
with sophisticatedtools it is laboriousto provide semantic
annotations.A major goal thusis semi-automaticmetadata
creationtakingadvantageof informationextractiontechniques
to proposeannotationsto metadatacreatorsand,thus,to fa-
cilitate themetadatacreationtask. Concerningour environ-
mentwe envisagethreemajortechniques:

1. First,metadatare-recognitioncomparesexisting meta-
dataliteralswith newly typedor existingtext. Thus,the
mentioningof thename“Siegfried Handschuh”in the
documenttriggerstheproposalthatURI, urn:rdf:94779-
4d5ca907974ea16565de21c998a-0 is co-referencedat
this point.

2. “Wrappers”may be learnedfrom given markupin or-
derto automaticallyannotatesimilarly structuredpages
(cf., e.g.,[25]).

3. Messageextractionlike systemsmaybeusedto recog-
nize namedentities,proposeco-reference,andextract
somerelationshipfrom texts (cf., e.g.,[28, 36]).

This componenthasnot yet beenintegratedin our Ont-O-
Mat tool. However, we arenear�nishing anintegrationof a
simplewrapperapproach[24], andwecurrentlyareworking
on integratingtheAmilcareinformationextractionsystem7.

� Meta Ontology: The purposeof the metaontology is the
separationof ontologydesignanduse. It is speci�cally ex-
plainedin Section5.

Besidestherequirementsthatconstitutesinglemodules,onemay
identify functionsthatcrossmoduleboundaries:

� Storage: CREAM supportstwo differentways of storage.
Theannotationswill bestoredinsidethedocumentthat is in
the documentmanagementcomponent,but it is alsostored
in theannotationinferenceserver.

�
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� Replication: We provide a simple replicationmechanism
by crawling annotationsinto ourannotationinferenceserver.
Theninferencingcanbeusedto ruleout formal inconsisten-
cies.

4.2 Ar chitecture of CREAM
Thearchitectureof CREAM is depictedin Figure2. TheDesign

of theCREAM framework pursuestheideato be�e xible andopen.
Therefore,Ont-O-Mat,theimplementationof theframework, com-
prisesaplug-instructure,which is �e xible with regardto addingor
replacingmodules.8 Documentviewer/editorandontologyguid-
ance/factbrowsertogetherconstitutethemajorpartof thegraphical
userinterface.Becauseof theplug-instructurethey canbereplaced
by alternative viewers.For instance,wearecurrentlyworkingona
PDFviewer plugin capableof writing RDF into PDFdocuments.

Furthercapabilitiesareprovided throughpluginsthat establish
connections,e.g.onemight provide a plug-in for a connectionto a
commercialdocumentmanagementsystem.

ThecoreOnt-O-Matalreadycomeswith somebasicfunctional-
ities. For instance,onemay work without a plug-in for an anno-
tation inferenceserver, becausethecoreOnt-O-Matprovidessim-
ple meansto navigate the taxonomyper se. However, one only
getsthe full-�edged semanticcapabilities(e.g.datalogreasoning
or subsumptionreasoning)whenoneusesa plug-in connectionto
a correspondingannotationinferenceserver.

5. META ONTOLOGY
The core idea behindthe metaontology is the modularization

of ontologydevelopmentanduse. It shouldbe possibleto de�ne
the ontology— or reusean existing one— ratherindependently
of thepurposeof creationof metadataby webpageauthoringand
annotation.

The metaontology describeshow classes,attributesand rela-
tionshipsfrom theontologyshouldbe usedby theCREAM envi-
ronment.In particular, we have recognizedtheurgentneedfor the
metaontologycharacterizationselaboratedin Sections5.1to 5.3.

Thereadermaynotethatthedescriptionsof how themetaonto-
logy in�uencesthe interactionwith theontology, which aregiven
in this section,dependto someextenton themodesof interaction
describedin Section6 — andviceversa.

5.1 Label
Thespeci�cationof RDFS[2] providesa RDFS:LABEL asa hu-

man-readableversionof a resourcename.Analogously, onewants
to assignaninstancewith ahuman-readablenameevenif it instan-
tiatesa classfrom a givenontologythatdoesnot usetheproperty
RDFS:LABEL perse.

For instance,assumethat (part of) the ontologyde�nition is as
follows:

<rdf:Property ID="ssn">
<rdfs:comment> Social Security Number</rdfs:comment>

<rdfs:range rdf:resource=
"http://www.w3.org/2000/03/example/classes#Inte ger"/>

<rdfs:domain rdf:resource="#Person"/>
</rdf:Property>
<rdf:Property ID="fullname">

<rdfs:comment> Last Name, First Name, Middle Initial
</rdfs:comment>

<rdfs:range rdf:resource=
"http://www.w3.org/2000/01/rdf-schema#Literal"/ >

<rdfs:domain rdf:resource="#Person"/>
</rdf:Property>


TheOnt-O-Matarchitectureservesalsoasbasisfor otherapplica-
tions,see
http://kaon.aifb.uni-karlsruhe.de

Then,onemightwanttostatethatthepropertyFULLNAME rather
thanthepropertySSN takestherole of RDFS:LABEL for classPer-
son. We may link the metaontology (the relevant piecehereis
RDFS:LABEL) with theontologyproperby:

<rdf:Property ID="fullname">
<rdf:subPropertyOf rdf:resource=

"http://www.w3.org/TR/rdf-schema/#rdfs:label"/>
</rdf:Property>

Now, theauthoringandannotationenvironmentmayexploit this
additionalpieceof informationat (at least)two pointsof interac-
tion:

1. InstanceGeneration:When a new instanceis about to be
createdandsomepieceof text hasbeenchosento represent
thename,CREAM usestheRDF-API to createa new URN
andautomaticallyassignsthis pieceof text to the attribute
recordedasRDFS:LABEL, i.e. hereFULLNAME.

2. ContentGeneration:Whenaninstanceis selectedfor gener-
atingcontentof a Webpage,thegeneratedtext is produced
by the RDFS:LABEL attribute. By this way we mayproduce
text that is meaningfulto humanswith little interaction,be-
causetheauthorneednotspecifytheattributethatshouldbe
usedbut hemayjust referto theinstance.

Onemaynotethatanotherperson,e.g.from administration,could
ratherchoose:

<rdf:Property ID="ssn">
<rdf:subPropertyOf rdf:resource=

"http://www.w3.org/TR/rdf-schema/#rdfs:label"/>
</rdf:Property>

Thus,thispersonwouldcreatewebpagecontentreferringto so-
cial securitynumberswhenauthoringwith existing instancesand
shewouldcreatenew instancesof PERSON from givensocialsecu-
rity numbersandnot from names.

Thereadermaynotefrom thisscriptsizeexamplethat
� Thedifferencebetweenmoreor lessmetadatacreationeffort

is oftenjustoneclick.9

� Theconnectionbetweenontologyandmetaontologyis not
anobjectiveone.Rathertheir linkagedependsonthewayan
ontologyis usedin a particularmetadatacreationscenario.

Statementsequivalentto thelasttext passageholdfor thefollow-
ing metaontologydescriptions.

5.2 Default Pointing
For many instancesthatareto becreatedit is desirableto point

to theWebpagefrom which they “originated”. Analogouslyto the
way thatRDFS:LABEL is used,we usethreetypesof de�nitions in
order to specify the default pointing behavior for classinstances,
exploiting theXPointercandidaterecommendation[7].

ConsiderthethreemetaontologypropertiesCREAM :UNIQUED-
POINTER, CREAM :AUTODPOINTER, andCREAM :AUTOUNIQUE-
DPOINTER. If a propertyis RDFS:SUBPROPERTYOF oneof these
threethefollowing interactionstake placeduringannotationor au-
thoring:

1. InstanceGeneration:Whenanew instanceis generatedanda
propertyof thatinstanceis of typeCREAM :AUTODPOINTER

or CREAM :AUTOUNIQUEDPOINTER,anXPointerto thecur-
rent (partof the)webpagewill beautomaticallyaddedinto
thecorrespondingslot of theinstance.

�

We conjecturethat the oneclick differencemay distinguishbe-
tweensuccessandfailureof a tool.



Table 1: DesignRationale— Linking Requirementswith CREAM Modules.

Requirement Storage
Replication

Document Ontology Crawler Annotation Document Metadata General Meta Content
General Editor Guidance Inference Management Re-recognition Information Ontology Generation
Problem Server Extraction
Consistency X X X X
ProperReference X X X X X
Avoid Redundancy X X X X
RelationalMetadata X X X X
Maintenance X X X X
Easeof use X X X X X
Ef�ciency X X X X X X X X X

2. ContentGeneration:Whenan instanceis usedfor generat-
ing web pagecontent,the attributecontainingthe XPointer
is offeredfor link generation.Whenthe attribute is of type
CREAM :UNIQUEDPOINTERor CREAM :AUTOUNIQUEDPO-
INTER indicatinguniqueness,a link with text corresponding
to RDFS:LABEL andHRefcorrespondingto theXPointerwill
beautomaticallygenerated.

For instance,one may model in the ontology that a PERSON

comeswith propertiesHASHOMEPAGE andFULLNAME andin the
instantiationof the metaontology that HASHOMEPAGE is a sub-
propertyof CREAM :UNIQUEDPOINTERandFULLNAME asubprop-
erty of RDFS:LABEL. During annotationof peoplehomepages,
the label andpointermechanismsautomate,(i), the generationof
uniqueIDs with reasonablelabels,(ii) , thecreationof pointersto
people's homepages,and,(iii) , thecorrectlinking betweenpeople
mentionedon the different homepages.Like with RDFS:LABEL,
the linkagebetweenmetaontologyandontologypropermay de-
pendon thecurrentusagescenario.

5.3 Property Mode
Thepropertymodedistinguishesbetweendifferentroles,which

correspondto differentwaysthepropertyshouldbetreatedby the
metadatacreationenvironment:

1. Reference: In ordertodescribeanobject,metadatamaysim-
ply point to a particularplacein a resource,e.g.a pieceof
text or apieceof multimedia.For instance,onemaypoint to
a particularplaceat http://www.whitehouse.gov in orderto
referto thecurrentU.S.president.Evenwhenthepresidency
changesthemetadatamayremainup-to-date.

Referencesareparticularlyapt to point to partsof multime-
dia,e.g.to a partof a scalablevectorgraphics.

Thereadermaynotethateverydefaultpointeris areference,
but not viceversa.

2. Quotation: In order to describean object, metadatamay
copy an excerptout of a resource.In contrastto the mode
“reference”, a quotationdoesnot changewhen the corre-
spondingresourcechanges.A copy of thestring“Bill Clin-
ton” aspresidentof U.S.in 1999remainsunchangedevenif
its original sourceat http://www.whitehouse.gov changes
or is abandoned.

3. Unlink ed Fact: An unlinkedfactdescribesanobject,but is
not in any way stemmingor dependingon a resource.Un-
linked factsare typical for comments. They are also very
apt to becombinedwith referencesin orderto elucidatethe
meaningor nameof a graphicsor pieceof multimedia.

For instance,theremaybeareferencepointingto thepicture
“Guernica”(http://www.grnica.swinternet.co.uk/guerni

ca.jpg ) andattributesthatarespeci�edto beunlinkedfacts.
The unlinked fact-attributesmay be �lled by someonewho
knowsPicasso'spaintings,e.g.with speci�cationslike“Guer-
nica” or “SpanishCivil War”.

Themeaningof thepropertymodemayslightly overlapwith the
de�nition of therangeof aproperty, e.g.aunlinkedfactis typically
only usedwith anattributethathasa literal asit range.Thereason
is thatapointermaybeusedasaURI (e.g.[14]) andaURI should
typically not appearin a literal (thoughthis is not forbidden).We
separatethe two aspects,becausenot every URI is a pointer(e.g.,
aURI maybeaURN) andit sometimesmakessenseto specifythe
valueof a literal by a pointer. Thus,thede�nition of therangeof a
propertyasreference,quotationor unlinkedfactmaybeconsidered
orthogonalto therangeof a propertybeinga literal or a resource.

5.4 Further Meta Ontology Descriptions
Concludingthis section,we want thereaderto notethat the list

of possiblyusefulmetaontologydescriptionssketchedhereis not
closedby far. Rather, weenvision(andpartiallysupport)theuseof
metaontologydescriptionsfor purposessuchas

� Knowledgeacquisitionfrom templates:For examplewe de-
scribein SWOBIS (http://tools.semanticweb.org/ )
software tools with metadata(cf. Figure 3). For eachin-
stance,therearea numberof attributesrequiredto specify
a softwaretool. Themetaontologyallows thede�nition of
attribute instancesbeing requiredattribute instances.This
informationis usedto automaticallygeneratea templatelike
interfacefor Ont-O-Mat— one that is similar in its struc-
tureto a Dublin Coretemplate.This approachis akin to the
way thatProtege allows to constructknowledgeacquisition
interfaces[31].

� Authoringof dynamicontologyandmetadata-basedWebpa-
ges(alsocf. OntoWebber[20]).

� Provisioning of metametadata,e.g. author, date, time, and
location of an annotation. Thoughthis may appeartrivial
at �rst sight, this objective easilyclasheswith several other
requirements,e.g. easeof useof metadatagenerationand
usage.Eventually, it needsa ratherelaboratemetaontology,
containingnot only static,but alsodynamicde�nitions, i.e.
rules. For example,to describethat a personA createdan
instanceX, a secondpersonB createdan instanceY anda
third personC createda relationshipsinstancebetweenX
andY, it is necessaryto reify the relationshipinstance. In
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order to directly usethe relationshipinstance,it shouldbe
translatedby a rule into anunrei�ed relationshipinstance.

6. MODES OF INTERA CTION WITH
ONT­O­MAT

The metadatacreationprocessin Ont-O-Mat is actually sup-
portedby threetypesof interactionwith thetool (alsocf. Figure2):

1. Annotationby TypingStatements:This involvesworkingal-
mostexclusively within theontologyguidance/factbrowser.

2. Annotationby Markup: This mostly involves the reuseof
datafrom thedocumenteditor/viewer in theontologyguid-
ance/factbrowser.

3. Annotationby Authoring Web Pages:This mostly involves
thereuseof datafrom thefactbrowserin thedocumentedi-
tor.

In orderto clarify thedifferentrole of thethreetypesof interac-
tion, weheredescribehow they differ for generatingthreetypesof
metadata:

1. Generatinginstancesof classes

2. Generatingattributeinstances

3. Generationrelationshipinstances

6.1 Annotation by Typing
Annotationby typing is almostpurely basedon the ontology

guidance/fact browser(cf. Section4) andthe generatedtemplates
(cf. Section5.4). Basically, the moreexperiencedusernavigates

theontologyandbrowsesthefacts,thelessexperiencedusershould
ratherusetemplates.Theusergeneratesmetadata(classinstances,
attributeinstances,relationshipinstances)thatarecompletelyinde-
pendentfrom theWebpagecurrentlyviewed.

Thespeci�cationof the RDFS:LABEL propertyallows to create
(or re-discover) instancesby typing wherethe URI is given asa
new URN andtheRDFS:LABEL propertyis �lled with thetext. The
speci�cationof a default pointerby the metaontologymay asso-
ciatenewly createdinstanceswith thecurrentlymarkedpassagein
thetext.

In addition,theusermaydrag-and-droparoundinstancesthatare
alreadyin the knowledgebasein orderto createnew relationship
instances(cf. arrow #0 in Figure4).

6.2 Annotation by Markup
Thebasicideaof annotationby markupis theusageof marked-

upcontentin thedocumenteditor/viewer for instancegeneration.

1. Generatingclassinstances:When the userdragsa marked
up pieceof contentontoa particularconceptfrom theonto-
logy, anew classinstanceis generated.If theclassde�nition
comeswith a metaontologydescriptionof a RDFS:LABEL a
new URI is generatedasaURN andthecorrespondingprop-
erty is assignedthemarkeduptext (cf. arrow #1in Figure4).

For instance,marking“Siegfried Handschuh”anddropping
thispieceof text ontheconceptPHDSTUDENT createsanew
URN, instantiatesthis URN asbelongingto PHDSTUDENT

andassigns“SiegriedHandschuh”to theSWRC:NAME slotof
thenew URN. In addition,defaultpointersmaybeprovided.

2. Generatingattribute instance: In order to generatean at-
tributeinstancetheusersimply dropsthemarkedup content



Figure3: SWOBIS template.

into thecorrespondingtableentry(cf. arrow #2 in Figure4).
Dependingon whethertheattributeis speci�ed asreference
or quotationthecorrespondingXPointeror thecontentitself
is �lled into theattribute.

3. Generatingrelationshipinstance:In orderto generatea rela-
tionshipinstancethe usersimply dropsthe marked up con-
tent onto the relation of a pre-selectedinstance(cf. arrow
#3 in Figure4). Like in “class instancegeneration”a new
instanceis generatedandconnectedwith thepreselectedin-
stance.

6.3 Annotation by Authoring
The third major processis authoringWeb pagesandmetadata

together. Therearetwo modi for authoring:(i), authoringby using
ontologyguidanceandfactbrowserfor contentgenerationand,(ii) ,
authoringwith thehelpof metadatare-recognitionor — moregen-
eral — informationextraction. So far we have only implemented
meansfor contentgeneration.Concerningtheintegrationof infor-
mation extraction and annotationby markupwe refer the reader
to [36]. Hence,we want to point out that alreadyvery simplein-
formationextractionmechanisms,i.e. metadatare-recognition(cf.
Section4) mayhelptheauthorto produceconsistentmetadata.

Authoringwith ContentGeneration. By invertingthepro-
cessof markup(cf. Figure2), we mayreuseexisting instancede-
scription,like labelsor otherattributes:

1. Classinstances:Droppingclassinstancesfromthefactbrowser
into the documentcreatestext accordingto their labelsand
— if possible— links (cf. arrow #1 in Figure5).

2. Attribute instances:Dropping attribute instancesfrom the
factbrowserin thedocument(cf. arrow #2in Figure5)gener-
atesthecorrespondingtext (for quotationsor unlinkedfacts)
or evenlinkedtext (for references).

3. Relationshipinstances:Droppingrelationshipinstancesfrom
thefactbrowserin thedocumentgeneratessimple“sentences”.
For instance,thedroppingof therelationshipCOOPERATES-
WITH betweentheinstancescorrespondingto RudiandStef-
fen triggersthecreationof asmallpieceof text (cf. arrow #3
in Figure5). Thetext correspondsto theinstancelabelsplus
the labelof the relationship(if available),e.g.“Rudi Studer
cooperateswith Steffen Staab”.Typically, this pieceof text
will requirefurtherediting.

Furthermechanisms,like thecreationof lists or tablesfrom se-
lectedconcepts(e.g.all PERSONs),still needto beexplored.

7. COMPARISON WITH RELATED WORK
CREAM canbe comparedalongfour dimensions:First, it is a

framework for markupin the SemanticWeb. Second,it may be
consideredasaparticularknowledgeacquisitionframework thatis
to someextendsimilar to Prot́eǵe-2000[11]. Third, it is certainly
anannotationframework, thoughwith a differentfocusthanones
like Annotea[21]. And fourth it is an authoringframework with
emphasisonmetadatacreation.

7.1 KnowledgeMarkup in the SemanticWeb
We know of threemajorsystemsthatintensively useknowledge

markupin theSemanticWeb,viz. SHOE[17], Ontobroker [5] and
WebKB [27]. All threeof themrely on markupin HTML pages.
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They all startedwith providing manualmarkupby editors. How-
ever, our experiences(cf. [10]) have shown thattext-editingknow-
ledgemarkupyieldsextremelypoorresults,viz. syntacticmistakes,
improperreferences,andall theproblemssketchedin thescenario
section.

The approachesfrom this line of researchthat are closestto
CREAMis theSHOEKnowledge Annotator10 andtheWebKB an-
notationtool.

TheSHOEKnowledgeAnnotatoris a Java programthatallows
usersto mark-upwebpageswith the SHOEontology. The SHOE
system[26] de�nes additional tagsthat can be embeddedin the
bodyof HTML pages.TheSHOEKnowledgeAnnotatoris rather
a little helper(likeourearlierOntoPad[12], [5]) thana full �edged
annotationenvironment.

WebKB[27] usesconceptualgraphsfor representingtheseman-
tic contentof Webdocuments.It embedsconceptualgraphstate-
mentsinto HTML pages.Essentiallythey offer a Web-basedtem-
platelike interfaceasknowledgeacquisitionframeworksdescribed
next.

7.2 Comparison with KnowledgeAcquisition
Frameworks

TheCREAM framework allows for creatingclassandproperty
instancesand for populatingHTML pageswith them. Thus, it
targetsa roughly similar target like the instanceacquisitionphase
in theProt́eǵe-2000framework [11] (the latter needsto be distin-
guishedfrom the ontology editing capabilitiesof Prot́eǵe). The

���

http://www.cs.umd.edu/projects/plus/SHOE/KnowledgeAnnotator.html

obvious differencebetweenCREAM andProt́eǵe is that the latter
doesnot (andhasnot intendedto) supporttheparticularWebset-
ting, viz. managinganddisplayingWeb pages— not to mention
Web pageauthoring. From Prot́eǵe we have adoptedthe princi-
ple of a metaontologythatallows to distinguishbetweendifferent
waysthatclassesandpropertiesaretreated.

7.3 Comparisonwith Annotation Frameworks
Therearea lot of — even commercial— annotationtools like

ThirdVoice11, Yawas[6], CritLink [37] andAnnotea(Amaya)[21].
Thesetools all sharethe ideaof creatinga kind of usercomment
aboutWeb pages.The term “annotation” in theseframeworks is
understoodasa remarkto an existing document.For instance,a
userof thesetools might attacha notelike ”A really nice profes-
sor!” to thename“Studer” on a Webpage.In CREAM we would
designacorrespondingontologythatwouldallow to typethecom-
ment(an unlinked fact) “A really niceprofessor”into anattribute
instancebelongingto an instanceof the classCOMMENT with a
uniqueXPointerat “Studer”.

Annoteaactuallygoesonestepfurther. It allows to rely on an
RDF schemaasa kind of templatethat is �lled by the annotator.
For instance,Annoteausersmay usea schemafor Dublin Core
and�ll theauthor-slot of a particulardocumentwith a name.This
annotation,however, is againrestrictedto attribute instances.The
usermayalsodecideto usecomplex RDF descriptionsinsteadof
simplestringsfor �lling sucha template.However, hethenhasno
furthersupportfrom Amayathathelpshim providing syntactically

���

http://www.thirdvoice.com
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correctstatementswith properreferences.
One of the systemsmostsimilar to CREAM is the annotation

tool citedin [36]. It usesinformationextractioncomponents(Mar-
mot, BadgerandCrystal)from theUniversityof Massachusettsat
Amherst(UMass). It allows the semi-automaticpopulationof an
ontologywith metadata.Sofar, they have not dealtwith relational
metadataor authoringconcerns.

7.4 Comparisonwith Authoring Frameworks
An approachrelatedto theCREAM authoringis theBrie�ng As-

sociateof Teknowledge[35]. Thetool is anextensionof Microsoft
PowerPoint.It pursuestheideato producePowerPointdocuments
with themetadatacodingasa by-productof thedocumentcompo-
sition. For eachconceptandrelationin the ontology, an instanti-
ation button is addedto the PowerPointtoolbar. Clicking on one
of thesebuttonsallows theauthorto insertanannotatedgraphical
elementinto his brie�ng. Thus,a graphicelementin the brie�ng
correspondsto an instanceof a conceptand arrows betweenthe
elementscorrespondto relationshipinstances.In orderto beable
to useanontologyin PowerPointonemusthave assignedgraphic
symbolsto theconceptsandrelations,which is donein thebegin-
ningby thevisual-annotationontologyeditor(againakind of meta
ontologyassignment).TheBrie�ng Associateis availablefor Pow-
erPointdocuments.In contrast,CREAM doesnot provide graphic
supportlike the Brie�ng Associate,but it supportsboth partsof
theannotationprocess,i.e. it permitsthesimultaneouscreationof
documentsandmetadataand,in addition,theannotationof already
existing documents.However, the Brie�ng Associatehasshown

very interestingideasthatmaybeof futurevalueto CREAM.
Theauthoringof hypertexts andtheauthoringwith conceptsare

topics in the COHSEproject [14]. They allow for the automatic
generationof metadatadescriptionsby analysingthe contentof a
Webpageandcomparingthetokenswith conceptnamesdescribed
in a lexicon. They supportontology reasoning,but they do not
supportthe creationof relationalmetadata.It is unclearto what
extentCOHSEconsidersthesynchronousproductionof document
andmetadataby theauthor.

Somewhat similar to COHSEconcerningthe metadatagenera-
tion, Klarity [23] automatically�lls Dublin Core�elds takingad-
vantageof statisticmethodsto allocatevaluesbasedon thecurrent
document.

In [18] Jim Hendlerstatesthat “semanticmarkupshouldbe a
by-productof normalcomputeruse”. He requiresthat“In aneasy,
interactive way a userwould beassistedin creatinga pageandget
themarkupcreatedfor free”. Wethink thattheCREAMframework
canoffer a solidstartfor this vision to becometrue.

8. CONCLUSION
CREAMis acomprehensiveframework for creatingannotations,

relationalmetadatain particular— the foundationof the future
SemanticWeb. The new versionof CREAM presentedheresup-
portsmetadatacreationduringWebpageauthoringaswell asby a-
posterioriannotation.CREAMcomprisesinferenceservices,crawl-
er, documentmanagementsystem,ontologyguidance/factbrowser,
documenteditors/viewers,anda metaontology.

Ont-O-Matis thereferenceimplementationof theCREAMframe-



work. It is Java-basedandprovidesaplugininterfacefor extensions
for furtheradvancements,e.g.informationextraction,collaborative
metadatacreation,or integratedontologyeditingandevolution.

We arealreadydealingwith many different issuesandthrough
our practicalexperienceswe couldidentify problemsthataremost
relevantin severalsettings,KA2 [1] andTime2Research[33]. Nev-
erthelessouranalysisof thegeneralproblemis farfrom beingcom-
plete. In particular, we arenow investigatinghow different tools
maybebroughttogether, e.g.to allow for thecreationof relational
metadatain PDF, SVG, or SMIL with Ont-O-Mat.
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