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ABSTRACT

Richly interlinked, machine-understandabiiataconstitutethe ba-
sis for the SemanticWeh We provide a framevork, CREAM,
that allows for creationof metadata.While the annotationmode
of CREAM allows to createmetadatdor existing web pagesthe
authoringmodelets authorscreatemetadata— almostfor free —
while puttingtogetherthe contentof a page.

As a particularity of our framewvork, CREAM allows to create
relational metadatai.e. metadatahatinstantiatenterrelatedde -
nitionsof classesn a domainontologyratherthanacomparatrely
rigid template-lile schemaasDublin Core.We discusssomeof the
requirement®nehasto meetwhendeveloping suchan ontology-
basedframewvork, e.g.the integration of a metadatacrawler, in-
ferenceservicesdocumenmanagemeranda meta-ontologyand
describeits implementationyiz. Ont-O-Mat,a component-based,
ontology-drven Webpageauthoringandannotatiortool.

Categoriesand Subject Descriptors

H.3.1 [Information Storage and Retrieval]: ContentAnalysis

andindexing—Indexing methodsl.2 [Computing Methodologieg:

Arti cial Intelligence;l.7.1[Documentand Text Processing Doc-
umentandText Editing

General Terms
Design,HumanFactors

Keywords
Annotation,MetadataSemanticVéb,RDF

1. INTRODUCTION

The SemanticWeb builds on metadatadescribingthe contents
of Web pages.In particular the SemanticWeb requiresrelational
metadatai.e. metadatahatdescribehow resourcelescriptionsn-
stantiateclassde nitions andhow they aresemanticallyinterlinked
by properties.In a previous paper[16], we have describeda rst
versionof CREAM (CREAting Metadatajpsanannotatiorframe-
work suitedto allow for the easyandcomfortablecreationof such
relationalmetadataand we have provided an annotationtool that
implementshis framework, calledOnt-O-Mat?

However, Ont-O-MatV0.1— like otherannotatiorervironments
— hasa majordravback. In orderto provide metadateaboutthe
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contentsof aWebpage theauthormust r st createthecontentand
secondannotatethe contentin an additional,a-posteriori,annota-
tion step.

As away out of this problem,we proposethatan authorneeds
the possibility to easilycombineauthoringof a Web pageandthe
creationof relationalmetadatalescribingits content.Scrutinizing
the dif culties oneencountergor sucha web pageauthoringtool,
we foundthatthey arevery similar to the onesfor annotatingveb
pageswith relationalmetadata.ln fact, we found it preferableto
hide the borderbetweenauthoringand annotationasfar aspossi-
ble. Thereforeratherthanbuilding a completelynew tool, we have
extendedthe framevork CREAM andthetool Ont-O-Matin order
tore ect theneedsor metadatareationthatwebpageauthorsand
a-posterioriannotatordiave. Thisrequired,in particular theintro-
ductionof

a Meta Ontology thatdescribeshow the annotatiorandau-
thoringmodesof Ont-O-Matinterferewith classeandprop-
ertiesof theontologyproper and

nev Modes of Interaction thatallow for switching easily
back-and-forttbetweerauthoringandannotation.

In thefollowing we rst sketchtwo usagescenariogSection2),
describingsomeof therequirementsve mustmeetfor the creation
of metadataThen,we explain our terminologyin moredetailand
give an exampleof the metadatave wantto create.We derive in
Section4 the designof CREAM from therequirementglaborated
before.In Section5, we specifyhow the metaontologymay mod-
ularizethe ontologydescriptionfrom the way the ontologyis used
in CREAM. In Section6, we explain the major modesof interac-
tion with Ont-O-Mat,our implementatiorof CREAM. Beforewe
concludewe give asuney of relatedwork in theareasknowledge
markupon the Web, knowvledge acquisition,annotationenviron-
mentsandauthoringenvironments.

2. SCENARIOS AND REQUIREMENTS FOR
CREAM

The origin of our work facing this challengedatesbackto the
startof the seminalKA2 intiative [1], i.e. theinitiative for provid-
ing semantiomarkupon HTML pagesfor the knowledgeacquisi-
tion communityandits presentatiofin aWebportal[32]. TheKA2
portal providesa view onto knawledgeof the knowledgeacquisi-
tion community Besidesof semanticretrieval asprovided by the
original KA2 initiative, it allows comprehense meandor navigat-
ing andqueryingthe knowledgebaseandalsoincludesguidelines

http://annotation.semanticweb.org



for building sucha knowledgeportal. The potentialusersprovide
knowledge, e.g. by annotatingtheir web pagesin a decentralized
manner The knowledgeis collectedat the portal by crawvling and
presentedn avariety of ways.

Similarly, oursecondscenaridhere we have usedsemantienark-
up in orderto provide knowvledgeaboutthe TIME (telecommuni-
cation,IT, multimedia,e-tusinessynarketsin the TIME2Research
portal [33]. Thus, we have createda knowledge portal for busi-
nessanalysts. The principal ideais that businessanalystreview
news tickers, businesglansandbusinesgeports. A considerable
partof theirwork requiresthe comparisorandaggreationof sim-
ilar or relateddata, which may be doneby semanticquerieslike
“Which companiegprovide B2B solutions?” whenthe knowvledge
is semanticallyavailable. At the Time2Researchortalthey handle
differenttypesof documentsannotatehemand, thus, feed back
into the portalto whichthey mayaskquestions.

At the startof thesetwo casestudies,we hadthe intuition that
thesecasesmay be easily supportedby a simple annotationtool.
During the courseof the projects,however, we found thatwe had
to facemary principal problems.Also, we foundthatthetwo sce-
narioswould never succeedn the endif we did not give people
thepossibilityto easilycreatedocument&ndtheir metadatan one
step.

Theprincipalrequirement$or a-posterioriannotationaswell as
for the integration of web page authoringwith metadatacreation
canbeoutlinedasfollows:

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

Proper Reference Identi ers of instancese.g. of persons,
institutesor companiesshouldbe unique. For instance,in

KA2 metadatahereexistedthreedifferentidenti ers of our

colleagueDieter Fensel. Thus, knowledgeabouthim could
notbe graspedvith a straightforvard query?

Avoid Redundancy. Decentralizedknowledgeprovisioning
shouldbepossible However, whenannotatorgollaborateijt
shouldbe possiblefor themto identify (partsof) sourceghat
have alreadybeenannotate@ndto reusepreviously captured
knowledgein orderto avoid laboriousredundanannotations.

Relational Metadata: Like HTML information, which is
spreadon the Web, but relatedby HTML links, knowvledge
markupmay be distributed,but it shouldbe semanticallyre-
lated. Currentannotatiortoolstendto generatéemplate-lile
metadatawhich is hardly connectedjf at all. For exam-
ple, annotationenvironmentsoften supportDublin Core[8,
9, 23], providing meansto state,e.g.,the nameof authors,
but nottheir IDs®.

Maintenance Knowledgemarkupneedsto be maintained.
An annotatiortool shouldsupporthemaintenancéask. This
needgo be exploredin futurework.

Easeof use It is obvious that an annotationervironment
shouldbe easyto usein orderto bereally useful. However,

this objective is not easily achieved, becausanetadatecre-
ationinvolvesintricatenavigation of semanticstructures.

Thereademayseesimilareffectsin bibliographydatabase<.g.,
query for James(Jim) Hendler at the — otherwiseexcellent —
DBLP: http://www.informatik.uni-trier.de/"ley/db /.

In the web context onetypically usesthe term "URI" (uniform
resourcadenti er) to speakof "uniqueidenti er'.

Ef ciency : The effort for the productionof metadatas a

large restrainingthreshold. The moreef ciently atool sup-

portsmetadatareationthemoremetadataisergendto pro-

duce. This requirements relatedto the easeof use. It also

depend®nthe automatiorof the metadatareationprocess,
e.g.onthepreprocessingf thedocument.

Thenew versionof CREAM presentedheretargetsata compre-
hensve solutionfor metadatacreationduring web pageauthoring
anda-posterioriannotation. The objective is pursuedby combin-
ing advancedmechanisméor inferencing factcrawvling, document
managementmetaontology de nitions, metadatae-recognition,
contentgenerationand(in thefuture)informationextraction— as
explainedin thefollowing sections.

3. RELATIONAL METADATA

We elaborateheterminologywe usein our framework, because
mary of the termsthat are usedwith regardto metadatacreation
tools carry several, ambiguousconnotationshat imply conceptu-
ally importantdecisiondor thedesignrationaleof CREAM:

Ontology: An ontologyis aformal, explicit speci cationof
a sharedconceptualizatiorf a domainof interest[15]. In
ourcaseit is constitutedby statementsxpressingle nitions
of DAML+OIL classesandpropertied13].

Annotations: An annotatiorin our contet is a setof instan-
tiationsattachedo an HTML document.We distinguish(i)
instantiationsof DAML+OIL classes(ii) instantiatedprop-
ertiesfrom oneclassinstanceo adatatypenstance— hence-
forth calledattributeinstanceof theclassinstance)and(iii)
instantiategropertie§rom oneclassinstanceo anotherclass
instance— henceforthcalledrelationshipinstance.

Classinstancefave uniqueURIs, e.g.like'urn:rdf:936694d5-
ca907974ea16565de20&390'* They frequentlycomewith
attributeinstancessuchasahuman-readabliebellik e *Stef-
fen'.

Metadata: Metadataaredataaboutdata. In our context the
annotationgaremetadataboutthe HTML documents.

Relational Metadata: We usethe termrelationalmetadata
to denotethe annotationghatcontainrelationshipinstances.
Often,theterm“annotation”is usedto meansomethindik e
“privateor sharedhote”, “comment” or “Dublin Coremeta-
data”. This alternatve meaningof annotationrmay be emu-
latedin ourapproactby modellingthesenoteswith attribute
instances.For instance a commentnote*l like this paper”
would be relatedto the URL of the papervia an attribute
instance hasComment'.

In contrast,relationalmetadataalso containstatementsik e
“Siggfried cooperatewvith Stefen’, i.e. relationalmetadata
containrelationshipbetweerclassnstancesatherthanonly
textual notes.

now

Figurelillustratesouruseof theterms‘ontology”, “annotation
and“relationalmetadata” It depictssomepartof the SWRC® (se-
manticweb researctcommunity)ontology Furthermoret shovs
two homepagesyiz. pagesaboutSiegfried andStefen
(http://www.aifb.uni-karlsruhe.de/WBS/sha and

”

In the Ont-O-Matimplementationwe createthe URIs with the
createUniqueResourceethodof the RDF-API

http://ontobroker.semanticweb.org/ontos/swrc.ht ml



rdf :ID="urn : rdf :947794d5ca907974eal6565
de21c998a - 0">
<swrc : name>Siegfried Handschuh

An no- </ swrc : name>

-~ RSWrCT: Tooperate T SWith ™ Tdf “resource =" L

tauon “http://www.  aifb . uni - karlsruhe .de/ :
WBSkst #urn: rdf :936694d5ca907974eal6 :
..565de20c997a.-Q"/>_ _ . _ ... . _._._._._. /

</ swrc : PhDStudent >

Siegfried
Web Handschuh
Page

- He is working together with
Steffen Staab in the Knowlsdgs
Management Group

URL http://iwww.  aifb . uni - karlsruhe .de/WBS/ sha

swrc:cooperatesWith </ swrc : name>

rdf :ID=" urn: rdf :936694d5ca9079
74eal6565de20c997a - 0">

<swrc : name>Steffen  Staab

</ swrc : Lecturer >

Steffen Staab

Research:

Semantic Web, Knowledge
Management, Natural Language,

http://iwww.  aifb . uni - karlsruhe .de/WBS/ sst :

P

Figure 1: Annotation example.

http://www.aifb.uni-karlsruhe.de/WBS/sst ,respectiely)
with annotationgyivenin an XML serializationof RDF facts. For
thetwo personghereareinstanceslenotedoy correspondingJRIs
(urn:rdf:947794d5ca907974e&8Hde21cP8a-0 andurn:rdf:9366-
94d5ca907974eal65652£997a-0). Theswrc:namef urn:rdf:94-
7794d5ca907974eal @B21998a-0 is “Siegfried Handschuh”.
In addition, thereis a relationshipinstancebetweenthe two per
sonsyiz. they cooperateThis cooperatiorinformationspans'the
two pages.

The objective of CREAM is to allow for the easygeneratiorof
suchatargetrepresentatioirrespectve of whetherthemajormode
of interactionis a-posteriorannotatioror web pageauthoring.

4. DESIGN OF CREAM
4.1 CREAM Modules

The requirement@and considerationgrom Sectionsl to 3 feed
into thedesignrationaleof CREAM. Thedesignrationalelinks the
requirementswith the CREAM modules. This resultsin a N:M
mapping(neitherfunctionalnorinjective). An overvien of thema-
trix is givenin Tablel.

DocumentEditor/V iewer: The documenteditor/viever vi-
sualizesthe documentcontents. The metadatecreatormay
easilyprovide new metadatay selectingpiecesof text and

aligningit with partsof the ontology The documentiewer
shouldsupportvariousformats(HTML, PDF, XML, etc.).

Content Generation: The editor also allows the corven-
tionalauthoringof documentsin addition,instanceslready
availablemaybedraggedrom a visualizationof the content
of theannotationinferencesener anddroppedinto the doc-
ument.Thereby somepieceof text and/oralink is produced
takinginto accountthe informationfrom the metaontology
(cf. Sectionb). Thenewly generatedontents alreadyanno-
tatedandthemetaontologyguidestheconstructiorof further
information,e.g.further XPointersareattachedo instances.

Ontology Guidance and Fact Browser. The framevork
needguidancdrom theontology In orderto allow for shar
ing of knowledge, newly createdannotationsnustbe con-
sistentwith a communitys ontology If metadatecreators
instantiatearbitrary classesand propertiesthe semanticsof
thesepropertiesemainsvoid. Of coursetheframewvork must
be ableto adaptto varyingontologiesin orderto re ect dif-
ferentfoci of the metadatareators.

Furthermorethe ontologyandthe browserfor alreadygiven
factsareimportantin orderto guide metadatacreatorsto-

wardscreatingrelationalmetadata\We have donesomepre-
liminary experimentsaandfoundthatsubjectshave moreprob-
lemswith creatingrelationshipinstanceghanwith creating



attributeinstancegcf. [34]). Withouttheontologythey would
missevenmorecuesfor assigningelationshipbetweerclass
instances.

Both ontologyguidancefict bronvseranddocumenteditor/-
viewer shouldbe easyto use: Drag'n'drop helpsto avoid
syntaxerrorsandtyposanda goodvisualizationof theonto-
logy canhelpto correctlychoosethe mostappropriateclass
for instances.

Crawler: Thecreationof relationalmetadatanusttake place
within the SemanticWeh During metadatacreationsub-
jects mustbe aware of which entitiesexist alreadyin their
partof the SemantidNVeh This is only possibleif a cravler
malesrelevant entitiesimmediatelyavailable. So, metadata
creatorsmay look for properreferencej.e. decidewhether
an entity alreadyhasa URI (e.g. whetherthe entity named
“Dieter Fensel”’or “D. Fensel”’hasalreadybeenidenti ed
by someothermetadatareatorsindonly by thisway meta-
datacreatoramayrecognizenvhethemropertieshave already
beeninstantiatede.g. whether“Dieter Fensel’hasalready
beenlinkedto his publications).As a consequencef meta-
datacreators'awarenesselationalmetadatanaybe created,
becauselassinstancedecomerelatedratherthanonly at
templatesre lled.

We have built aRDF Crawler®, abasictool thatgathersnter-
connectedragmentof RDFfrom theWebandbuildsalocal
knowledgebasefrom this data(cf. [16] for a moredetailed
description).

Annotation InferenceServer: Relationalmetadataproper
referencandavoidanceof redundanannotationmequireque-
rying for instancesi,e. queryingwhethermndwhichinstances
exist. For this purposeaswell asfor checkingof consisteny,
we provide anannotatiorinferencesenerin our framework.
Theannotatiorinferencesenerreasonsncravledandnewly
creatednstancesndontheontology It alsosenestheonto-
logical guidanceandfactbrowvser becausét allowsto query
for existing classesinstancegndproperties.

We useOntobroler's [5] underlyingF-Logic [22] basedn-

ferenceengineSilRI [4] asannotationinferencesener. The

F-Logicinferenceenginecombine®rdering-independemnea-
soningin a high-level logical languagewith a well-founded
semantics.

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

DocumentManagement Wedistinguishtwo scenariosFirst,
whenannotatingone'sown Webpagespneknowswhenthey
changeandonecaninstall organizationaroutinesthatkeep
trackof annotatiorandchange®f annotatior(e.g.onthean-
notationinferencesener). In the secondscenarioponemay
wantto annotateexternalresourcegcf., e.g.,[30]). In this
caseone mustavoid redundang of annotationefforts, it is
not sufcient to ask whetherinstancesxist at the annota-
tion inferencesener. Whenan annotatordecidesto capture
knowledgefrom awebpage hedoesnotwantto queryfor all
singleinstanceghat he considerselevant on this page,but
he wantsinformation, whetherand how this web pagehas
beenannotatedefore. Consideringhe dynamicsof HTML

RDF Crawler is freely availablefor downloadat:
http://ontobroker.semanticweb.org/rdfcrawler

pagesontheweb, it is desirableto storeforeignweb pages
onehasannotatedogethemwith their annotationsWhenthe
foreign web pagechangesthe old annotationsmay still be
valid or they may becomeinvalid. The annotatormustde-
cide basedon the old annotationsandbasedon the changes
of thewebpage.A futuregoalof thedocumenmanagement
in our framework will be the semi-automatianaintenance
of annotationn foreign web pages.Whenonly few parts
of a documentchange patternmatchingmay proposerevi-
sion of old annotations.In our currentimplementationwve
usea straightforward le-system baseddocumentmanage-
mentapproach. Ont-O-Mat usesthe URI to detectthe re-
encountenf previously annotatedlocument@andhighlights
annotationsn the old documentfor the user Thenthe user
may decideto ignoreor even deletethe old annotationand
createnev metadatahe may augmentexisting data,or he
may just be satis ed with what hasbeenpreviously anno-
tated. In orderto recognizethata documentasheenanno-
tatedbefore,but now appearsindera differentURI, Ont-O-
Mat computessimilarity with existing documentsy simple
informationretrieval methods e.g. comparisorof the word
vectorof apage.If therebya similarity is discosered,thisis
indicatedto theuser sothathe cancheckfor congrueng.

Metadata Re-recognition& Information Extraction: Even
with sophisticatedools it is laboriousto provide semantic
annotations.A major goal thusis semi-automatiegnetadata
creationtakingadwantagenf informationextractiontechniques
to proposeannotationgo metadatareatorsand,thus,to fa-
cilitate the metadatacreationtask. Concerningour erviron-
mentwe ervisagethreemajortechniques:

1. First, metadatae-recognitiorcomparexisting meta-
dataliteralswith newly typedor existingtext. Thus,the
mentioningof the name"Siegfried Handschuh'in the
documentriggerstheproposathatURI, urn:rdf:94779-
4d5ca907974eal65631eP8a-0 is co-referencedat
this point.

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

3. Messagextractionlik e systemsnaybeusedto recog-
nize namedentities, proposeco-referenceand extract
somerelationshipfrom texts (cf., e.g.,[28, 36]).

This componenthasnot yet beenintegratedin our Ont-O-
Mat tool. However, we arenear nishing anintegrationof a
simplewrapperapproact24], andwe currentlyareworking
onintegratingthe Amilcareinformationextractionsystenf.

Meta Ontology: The purposeof the metaontologyis the
separatiorof ontology designanduse. It is speci cally ex-
plainedin Section5.

Besidegherequirementthatconstitutesinglemodulespnemay
identify functionsthatcrossmoduleboundaries:

Storage CREAM supportstwo differentways of storage.
Theannotationsvill be storedinsidethe documenthatis in

the documentmanagementomponentput it is alsostored
in theannotationinferencesener.

http://www.dcs.shef.ac.uk/ fabio/Amilcare.html



Replication: We provide a simple replication mechanism
by cravling annotationsnto our annotatiorinferencesener.
Theninferencingcanbe usedto rule out formalinconsisten-
cies.

4.2 Architecture of CREAM

Thearchitectureof CREAM is depictedn Figure2. The Design
of the CREAM frameawork pursuegheideato be e xible andopen.
Therefore Ont-O-Mat,theimplementatiorof theframewvork, com-
prisesaplug-in structurewhichis e xible with regardto addingor
replacingmoduless Documentviewer/editorand ontology guid-
ance/&ctbrowsertogetherconstitutethemajorpartof thegraphical
userinterface.Becausef theplug-instructurehey canbereplaced
by alternatve viewers. For instancewe arecurrentlyworkingona
PDFviewer plugin capableof writing RDF into PDFdocuments.

Furthercapabilitiesare provided throughpluginsthat establish
connectionse.g.onemight provide a plug-in for aconnectiorto a
commerciadocumentmanagemenrgystem.

The coreOnt-O-Matalreadycomeswith somebasicfunctional-
ities. For instance one may work without a plug-in for ananno-
tationinferencesener, becausehe core Ont-O-Matprovidessim-
ple meansto navigate the taxonomyper se However, one only
getsthe full- edged semanticcapabilities(e.g. datalogreasoning
or subsumptiorreasoningwhenone usesa plug-in connectiorto
acorrespondingnnotatiorinferencesener.

5. META ONTOLOGY

The coreideabehindthe metaontology is the modularization
of ontology developmentanduse. It shouldbe possibleto de ne
the ontology— or reusean existing one — ratherindependently
of the purposeof creationof metadatay web pageauthoringand
annotation.

The metaontology describeshow classesattributesand rela-
tionshipsfrom the ontology shouldbe usedby the CREAM ervi-
ronment.In particular we have recognizedhe urgentneedfor the
metaontologycharacterizationslaboratedn Sectionss.1t0 5.3.

Thereademay notethatthe descriptionf how the metaonto-
logy in uencesthe interactionwith the ontology which aregiven
in this section,dependo someextenton the modesof interaction
describedn Section6 — andvice versa.

5.1 Label

The speci cationof RDFS[2] providesa RDFS:LABEL asahu-
man-readableersionof aresourcename.Analogously onewants
to assigraninstancewith ahuman-readableameevenif it instan-
tiatesa classfrom a given ontologythatdoesnot usethe property
RDFS:LABEL perse

For instanceassumehat (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.w3.0rg/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.w3.0rg/2000/01/rdf-schemattLiteral"/ >

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

</rdf:Property>

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

Then,onemightwantto statethatthepropertyruLLNAME rather
thanthe propertyssN takestherole of RDFS:LABEL for classPer
son. We may link the metaontology (the relevant piece hereis
RDFS:LABEL) with theontologyproperby:
<rdf:Property ID="fullname">

<rdf:subPropertyOf rdf:resource=

"http://www.w3.0rg/TR/rdf-schema/#rdfs:label"/>
</rdf:Property>

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

1. InstanceGeneration: When a new instanceis aboutto be
createdandsomepieceof text hasbeenchoserto represent
the name,CREAM usesthe RDF-API to createa nev URN
and automaticallyassignshis pieceof text to the attribute
recordedASRDFS.LABEL, i.e. hereFULLNAME.

2. ContentGenerationWhenaninstanceds selectedor gener
ating contentof a Web page the generatedext is produced
by the RDFS:LABEL attribute. By this way we may produce
text thatis meaningfulto humanswith little interaction,be-
causeheauthorneednot specifythe attribute thatshouldbe
usedbut hemayjustreferto theinstance.

Onemay notethatanothempersone.g.from administrationcould
ratherchoose:
<rdf:Property ID="ssn">

<rdf:subPropertyOf rdf:resource=

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

Thus,this persorwould createweb pagecontentreferringto so-
cial securitynumberswhenauthoringwith existing instancesand
shewould createnew instance®f PERSON from givensocialsecu-
rity numbersandnot from names.

Thereademaynotefrom this scriptsizeexamplethat

Thedifferencebetweermoreor lessmetadatareationeffort
is oftenjust oneclick.®

The connectiorbetweenontology and metaontologyis not
anobjective one.Rathertheirlinkagedepend®ntheway an
ontologyis usedin a particularmetadatareationscenario.

Statementsquivalentto thelasttext passagéold for thefollow-
ing metaontologydescriptions.

5.2 Default Pointing

For mary instanceghatareto be createdt is desirableto point
to the Webpagefrom which they “originated”. Analogouslyto the
way thatRDFS:LABEL is used,we usethreetypesof de nitions in
orderto specify the default pointing behaior for classinstances,
exploiting the XPointercandidateecommendatiofi].

ConsideithethreemetaontologypropertieSCREAM :UNIQUED-
POINTER, CREAM:AUTODPOINTER, and CREAM:AUTOUNIQUE-
DPOINTER. If apropertyis RDFS:SUBPROPERTY OF oneof these
threethefollowing interactiongake placeduringannotatioror au-
thoring:

1. InstanceGenerationWhenanew instances generatednda
propertyof thatinstancds of type CREAM:AUTODPOINTER
Or CREAM:AUTOUNIQUEDPOINTER, anXPointerto thecur
rent (partof the) web pagewill be automaticallyaddedinto
thecorrespondinglot of theinstance.

We conjecturethat the one click differencemay distinguishbe-
tweensuccesandfailureof atool.



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 Sener Extraction
Consisteng X X X X
ProperReference X X X X X
Avoid Redundang 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 attribute containingthe XPointer
is offeredfor link generation.Whenthe attribute is of type
CREAM:UNIQUEDPOINTEROr CREAM:AUTOUNIQUEDPO-
INTER indicatinguniquenessa link with text corresponding
to RDFS:LABEL andHRefcorrespondingo theXPointerwill
beautomaticallygenerated

For instance,one may modelin 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 and pointer mechanismsutomate(i), the generatiorof
uniquelDs with reasonabléabels, (i), the creationof pointersto
peoples homepagesand,(iii) , the correctlinking betweenpeople
mentionedon the differenthomepages.Like with RDFS:LABEL,
the linkage betweenmetaontology and ontology propermay de-
pendon the currentusagescenario.

5.3 Property Mode

The propertymodedistinguishebetweerdifferentroles,which
correspondo differentwaysthe propertyshouldbe treatedby the
metadatareationervironment:

1. Reference In orderto describeanobject,metadatanaysim-
ply point to a particularplacein a resourceg.g.a pieceof
text or apieceof multimedia.For instancepnemay pointto
aparticularplaceat http:/mwww.whitehouse.gov in orderto
referto thecurrentU.S. presidentEvenwhenthepresideng
changeshe metadatanayremainup-to-date.

Referencesire particularlyaptto pointto partsof multime-
dia, e.g.to apartof ascalablevectorgraphics.

Thereademaynotethatevery default pointeris areference,
but notvice versa.

2. Quotation: In orderto describean object, metadatamay
copy an excerptout of aresource.In contrastto the mode
“reference”, a quotationdoesnot changewhen the corre-
spondingresourcechangesA copy of the string“Bill Clin-
ton” aspresidenof U.S.in 1999remainsunchangeavenif
its original sourceat http:/www.whitehouse.gov changes
or is abandoned.

3. Unlink ed Fact: An unlinkedfactdescribesanobject,but is
notin ary way stemmingor dependingon a resource.Un-
linked factsare typical for comments. They are alsovery
aptto be combinedwith referencesn orderto elucidatethe
meaningor nameof a graphicsor pieceof multimedia.

Forinstancetheremaybeareferencepointingto the picture
“Guernica”(http://www.grnica.swinternet.co.uk/guerni

cajpg ) andattributesthatarespeci edto beunlinkedfacts.
The unlinked fact-attrilutesmay be lled by someonevho
knows Picassa paintings e.g.with speci cationdike“Guer-
nica” or “SpanishCivil War”.

Themeaningof the propertymodemayslightly overlapwith the
de nition of therangeof aproperty e.g.aunlinkedfactis typically
only usedwith anattributethathasalliteral asit range.Thereason
is thatapointermaybeusedasa URI (e.g.[14]) anda URI should
typically not appeaiin a literal (thoughthis is not forbidden). We
separatéhe two aspectshecauseot every URI is a pointer(e.g.,
aURI maybeaURN) andit sometimesnalessenseo specifythe
valueof aliteral by a pointer Thus,thede nition of therangeof a
propertyasreferencegquotationor unlinkedfactmaybeconsidered
orthogonalo therangeof a propertybeinga literal or aresource.

5.4 Further Meta Ontology Descriptions

Concludingthis section,we wantthe readerto notethatthe list
of possiblyusefulmetaontologydescriptionsketchedhereis not
closedby far. Ratherwe ervision (andpartially support)the useof
metaontologydescriptiondor purposesuchas

Knowledgeacquisitionfrom templatesior examplewe de-
scribein SWOBIS (http://tools.semanticweb.org/ )

software tools with metadata(cf. Figure 3). For eachin-

stancethereare a numberof attributesrequiredto specify
a softwaretool. The metaontologyallows the de nition of

attribute instanceseing requiredattribute instances. This
informationis usedto automaticallygenerate templatdik e
interfacefor Ont-O-Mat— onethatis similar in its struc-
tureto a Dublin Coretemplate.This approachis akin to the
way that Protege allows to constructknowvledgeacquisition
interfaceq31].

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

Provisioning of metametadatag.g. author date, time, and
location of an annotation. Thoughthis may appeatrtrivial
at rst sight, this objective easily clasheswith several other
requirementsge.g. easeof use of metadatagenerationand
usage Eventually it needsaratherelaboratemetaontology
containingnot only static, but alsodynamicde nitions, i.e.
rules. For example,to describethat a personA createdan
instanceX, a secondpersonB createdaninstanceY anda
third personC createda relationshipsinstancebetweenX
andY, it is necessaryo reify the relationshipinstance. In
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orderto directly usethe relationshipinstance,it shouldbe
translatedy aruleinto anunrei ed relationshipinstance.

6. MODES OF INTERACTION WITH
ONT-O-MAT

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

1. Annotationby Typing StatementsThis involvesworking al-
mostexclusively within the ontologyguidance/dctbrovser

2. Annotationby Markup: This mostly involves the reuseof
datafrom the documenteditor/viever in the ontology guid-
ance/actbrovser

3. Annotationby Authoring Web Pages: This mostly involves
thereuseof datafrom the factbrowserin the documeniedi-
tor.

In orderto clarify thedifferentrole of thethreetypesof interac-
tion, we heredescribenow they differ for generatinghreetypesof
metadata:

1. Generatingnstance®f classes
2. Generatingttributeinstances
3. Generatiormrelationshipnstances

6.1 Annotation by Typing

Annotation by typing is almostpurely basedon the ontology
guidancefct browvser (cf. Section4) andthe generatedemplates
(cf. Section5.4). Basically the more experiencedusernavigates

theontologyandbrowsesthefacts thelessexperiencedisershould

ratherusetemplates The usergeneratesnetadatgclassinstances,
attributeinstancestelationshignstancesjhatarecompletelyinde-

pendenfrom the Web pagecurrentlyviewed.

The speci cation of the RDFS:LABEL propertyallows to create
(or re-discwer) instancesby typing wherethe URI is given asa
new URN andtheRDFS:LABEL propertyis lled with thetext. The
speci cation of a default pointerby the metaontology may asso-
ciatenewly creatednstanceswith the currentlymarked passagén
thetext.

In addition,theusemaydrag-and-droroundnstanceshatare
alreadyin the knowledgebasein orderto createnew relationship
instancegcf. arrov #01in Figure4).

6.2 Annotation by Markup

Thebasicideaof annotatiorby markupis the usageof marked-
up contentin the documentditor/viever for instancegeneration.

1. Generatingclassinstances:Whenthe userdragsa marked
up pieceof contentonto a particularconceptfrom the onto-
logy, anew classinstances generatedlf theclassde nition
comeswith a metaontologydescriptionof a RDFS:LABEL a
new URI is generateéisa URN andthecorrespondingprop-
ertyis assignedhe markeduptext (cf. arron #1in Figure4).

For instance marking“Siegfried Handschuhand dropping
this pieceof text ontheconcepPHD STUDENT createsnew
URN, instantiateghis URN asbelongingto PHD STUDENT
andassignsSiegriedHandschuhto the swrRc:NAME slotof
thenew URN. In addition,default pointersmaybe provided.

2. Generatingattribute instance: In order to generatean at-
tribute instancethe usersimply dropsthe marked up content
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into the correspondingableentry(cf. arrowv #2 in Figure4).
Dependingon whetherthe attributeis speci ed asreference
or quotationthe correspondingXPointeror the contentitself
is lled into theattribute.

3. Generatingelationshipinstance:ln orderto generaterela-
tionshipinstancethe usersimply dropsthe marked up con-
tent onto the relation of a pre-selectednstance(cf. arrov
#3in Figure4). Like in “classinstancegeneration”a new
instances generatec&ndconnectedvith the preselectedh-
stance.

6.3 Annotation by Authoring

The third major processs authoringWeb pagesand metadata
together Therearetwo modifor authoring:(i), authoringby using
ontologyguidanceandfactbrowserfor contentgeneratiorand,(ii),
authoringwith thehelpof metadatae-recognitioror — moregen-
eral— information extraction. So far we have only implemented
meangfor contentgenerationConcerningheintegrationof infor-
mation extraction and annotationby markupwe refer the reader
to [36]. Hence,we wantto point out that alreadyvery simplein-
formationextractionmechanisms,e. metadatae-recognition(cf.
Sectiond) may helptheauthorto produceconsistenmetadata.

Authoringwith ContentGeneation. By invertingthe pro-
cessof markup(cf. Figure 2), we may reuseexisting instancede-
scription,like labelsor otherattributes:

1. ClassnstancesDroppingclassinstance$romthefactbrowvser
into the documentcreategext accordingto their labelsand
— if possible— links (cf. arrow #1in Figure5).

2. Attribute instances:Dropping attribute instancesfrom the
factbrowserin thedocumentcf. arrav #2in Figure5) gener
atesthe correspondingext (for quotationor unlinkedfacts)
or evenlinkedtext (for references).

3. RelationshipnstancesDroppingrelationshignstance$rom
thefactbrowserin thedocumengeneratesimple“sentences”.
For instancethedroppingof therelationshipCOOPERATES-
WITH betweentheinstancegorrespondingo RudiandStef-
fentriggersthecreationof a smallpieceof text (cf. arrav #3
in Figure5). Thetext correspond$o theinstancdabelsplus
thelabel of the relationship(if available),e.g.“Rudi Studer
cooperatesvith Stefen Staab”. Typically, this pieceof text
will requirefurtherediting.

Furthermechanismdjk e the creationof lists or tablesfrom se-
lectedconceptge.g.all PERSONS), still needto be explored.

7. COMPARISON WITH RELATED WORK

CREAM canbe comparedalongfour dimensions:First, it is a
framework for markupin the SemanticWeh Second,t may be
consideredhsa particularknowvledgeacquisitionframevork thatis
to someextendsimilar to Pro&ge-2000[11]. Third, it is certainly
an annotationframework, thoughwith a differentfocusthanones
like Annotea[21]. And fourth it is an authoringframework with
emphasi®n metadatareation.

7.1 KnowledgeMarkup in the SemanticWeb

We know of threemajorsystemghatintensiely useknowledge
markupin the SemantidNVeb,viz. SHOE[17], Ontobroler [5] and
WebKB [27]. All threeof themrely on markupin HTML pages.



Figure4: Annotation example.

They all startedwith providing manualmarkupby editors. How-
ever, our experiencegcf. [10]) have shavn thattext-editingknow-
ledgemarkupyieldsextremelypoorresultsyiz. syntactiomistales,
improperreferencesandall the problemssketchedin the scenario
section.

The approachedrom this line of researchthat are closestto
CREAMis the SHOEKnowledg Annotator® andthe WebKB an-
notationtool.

The SHOEKnowledgeAnnotatoris a Java programthat allows
usersto mark-upwebpagesith the SHOE ontology The SHOE
system[26] de nes additionaltagsthat can be embeddedn the
bodyof HTML pages.The SHOEKnowledgeAnnotatoris rather
alittle helper(like ourearlierOntoRad[12], [5]) thanafull edged
annotatiorernvironment.

WebKB [27] usesconceptuagraphsfor representinghe seman-
tic contentof Web documents.It embedsconceptuagraphstate-
mentsinto HTML pages.Essentiallythey offer a Web-basedem-
platelik e interfaceasknowledgeacquisitionframenorksdescribed
next.

7.2 Comparison with Knowledge Acquisition
Frameworks

The CREAM framework allows for creatingclassand property
instancesand for populatingHTML pageswith them. Thus, it
targetsa roughly similar targetlik e the instanceacquisitionphase
in the Pro&ge-2000framework [11] (the latter needsto be distin-
guishedfrom the ontology editing capabilitiesof Progege). The

http://www cs.umd.edu/projects/plus/SHOE/KmedgeAnnotatohtml

obvious differencebetweenCREAM andProg&cg is thatthe latter
doesnot (andhasnot intendedto) supportthe particularWeb set-
ting, viz. managingand displayingWeb pages— not to mention
Web pageauthoring. From Prog&ge we have adoptedthe princi-
ple of ametaontologythatallows to distinguishbetweendifferent
waysthatclassesandpropertiesaretreated.

7.3 Comparisonwith Annotation Frameworks

Therearea lot of — even commercial— annotationtools like
ThirdVoice!!, Yawas[6], CritLink [37] andAnnotea(Amaya)[21].
Thesetools all sharethe ideaof creatinga kind of usercomment
aboutWeb pages. The term “annotation”in theseframeworks is
understoodas a remarkto an existing document. For instance a
userof thesetools might attacha notelike "A really nice profes-
sor!” to the name“Studer” on a Web page.In CREAM we would
designa correspondin@ntologythatwould allow to typethe com-
ment(an unlinked fact) “A really nice professor’into an attribute
instancebelongingto an instanceof the classcCOMMENT with a
unigueXPointerat“Studer”.

Annoteaactually goesone stepfurther. It allows to rely on an
RDF schemaasa kind of templatethatis lled by the annotatar
For instance,Annoteausersmay use a schemafor Dublin Core
and Il theauthorslot of a particulardocumentwith a name.This
annotationhowever, is againrestrictedto attribute instancesThe
usermay alsodecideto usecomplex RDF descriptionsnsteadof
simplestringsfor lling suchatemplate.However, hethenhasno
furthersupportfrom Amayathathelpshim providing syntactically

http://wwwthirdvoice.com



Figure5: Annotation by Authoring example.

correctstatementsvith properreferences.

One of the systemsmostsimilar to CREAM is the annotation
tool citedin [36]. It usesnformationextractioncomponentgMar-
mot, Badgerand Crystal)from the University of Massachusettat
Ambherst(UMass). It allows the semi-automatigopulationof an
ontologywith metadataSofar, they have not dealtwith relational
metadatar authoringconcerns.

7.4 Comparisonwith Authoring Frameworks

An approachelatedto the CREAM authoringis theBrie ng As-
sociateof Teknavledge[35]. Thetool is anextensionof Microsoft
PawerPoint. It pursuegheideato producePowverPointdocuments
with the metadataodingasa by-productof the documentompo-
sition. For eachconceptandrelationin the ontology an instanti-
ation button is addedto the PaverPointtoolbar Clicking on one
of thesebuttonsallows the authorto insertan annotatedyraphical
elementinto his brie ng. Thus,a graphicelementin the brie ng
correspondgo an instanceof a conceptand arrons betweenthe
elementscorrespondo relationshipinstances.In orderto be able
to usean ontologyin PaverPointone musthave assignedyraphic
symbolsto the conceptsaandrelations,which is donein the begin-
ning by thevisual-annotatiomntologyeditor (againakind of meta
ontologyassignment)TheBrie ng Associatds availablefor Pov-
erPointdocumentsin contrast CREAM doesnot provide graphic
supportlike the Brie ng Associate,but it supportsboth parts of
the annotationprocessij.e. it permitsthe simultaneousreationof
document@&ndmetadatand,in addition,theannotatiorof already
existing documents.However, the Brie ng Associatehasshavn

very interestingdeasthatmaybe of futurevalueto CREAM.

Theauthoringof hypertets andthe authoringwith conceptsare
topicsin the COHSEproject[14]. They allow for the automatic
generatiorof metadatadescriptionsby analysingthe contentof a
Webpageandcomparinghetokenswith concepinamesiescribed
in a lexicon. They supportontology reasoningbut they do not
supportthe creationof relationalmetadata.lt is unclearto what
extent COHSEconsiderghe synchronouproductionof document
andmetadatdy the author

Somaeavhat similar to COHSE concerningthe metadatagenera-
tion, Klarity [23] automatically lls Dublin Core elds taking ad-
vantageof statisticmethodso allocatevaluesbasedon thecurrent
document.

In [18] Jim Hendlerstatesthat “semanticmarkup shouldbe a
by-productof normalcomputeruse”. He requiresthat“In aneasy
interactve way a userwould be assistedn creatinga pageandget
themarkupcreatedor free”. Wethink thatthe CREAM framevork
canoffer asolid startfor this vision to becometrue.

8. CONCLUSION

CREAM s acomprehense framavork for creatingannotations,
relational metadatain particular— the foundationof the future
SemanticWeh The new versionof CREAM presentedheresup-
portsmetadatareationduringWebpageauthoringaswell asby a-
posterioriannotation CREAM comprisesnferenceservicescrawl-
er, documenmanagemergystempntologyguidancefctbrovser
documentditors/vievers,anda metaontology

Ont-O-Matis thereferencémplementatiorof the CREAM frame-



work. It is Java-base@ndprovidesaplugininterfacefor extensions
for furtheradvancementsg.g.informationextraction,collaboratve
metadatareation,or integratedontologyeditingandevolution.

We are alreadydealingwith mary differentissuesandthrough
our practicalexperiencesve couldidentify problemsthataremost
relevantin severalsettings KA2 [1] andTime2Researc[83]. Nev-
ertheles®uranalysiof thegeneraproblemis farfrom beingcom-
plete. In particular we are now investigatinghow differenttools
may be broughttogethere.g.to allow for the creationof relational
metadatan PDF, SVG, or SMIL with Ont-O-Mat.
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