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Abstract

Thelackof semantic markup is amajorbarrierto thedevel-
opmentof moreintelligentdocumenprocessingnthe Weh
CurrentHTML markupis usedonly to indicatethe structure
andlay-outof documentsbut notthe documensemantics.

Unfortunately proposaldrom the Al communityfor Web-
basedknowledge-representatiolanguagesanhardlyexpect
wide acceptancen the Weh Evenif unpalatabldor the Al
community the questionshouldinsteadbe how well Al con-
ceptscanbefitted into the markuplanguageshatarewidely
supporteadntheWeb, eithernow orin theforeseeabléuture.

We provide a surwey andanalysisof traditional, new, and
arisingWebstandardseindshov how they canbeusedto rep-
resenimachine-processabdemanticof Web sources.

The resultsof this papershouldhelp Al researcherand
practitionergo applytheirresultsto realWebdocumentsin-
steadof basingthemseleson Al specificrepresentationthat
have no chanceof becomingwidely usedonthe Weh

1 Introduction

Currently the World Wide Web (WWWw) containsaround300
million static objectsproviding a broadvariety of informa-
tion sourcedBharatand Broder 1994. The early question
of whethera certainpieceof informationis on the Web has
becomethe problemof how to find andextractit. The prob-
lem will becomeeven more seriouswhenthe growth of the
Web maintainsits high speedas expectedby the W3C (the
standardizatiogcommitteeof the www).

Artificial Intelligencehasa strongtraditionin developing
methodstools andlanguagegor structuringknowledgeand
information. Thereforeit is quite naturalto apply its tech-
niguesto tacklethe above problems. However, applying Al
techniquedlirectly to (semistructuredpaturallanguagedoc-
umentsis still not very promising. Employing the power of
automatedeasoningo guideaccesgo informationsources
requiresmachine-processabtepresentationsf the seman-
tics of thesesources.In consequenceaneta-dataannotation
of Web sourcess essentiafor applyingAl techniqueson a
large and successfukcale. Taking a stepin this directionis
the purposeof our paper Complementaryo [Calvanesest
al., 1994 who look for a very expressie DescriptionLogics
for modelingsemistructurediatawe rathertake the opposite
point of view. We provide a survey and analysisof tradi-

Dieter Fensel AIFB
Universityof Karlsruhe
dieterfensel@aiftuni-karlsruhe.de

tional, new, and arising Web standardsaand shav how they
can be usedto representmachine-processabkemanticsof
Web sourceshaving in mind that this areamay becomeone
of thekiller applicationf Al.

The importanceof Al techniguesn this areastemsfrom
thefactthatfinding theright pieceof informationis only one
problemamongseriousotherones.In fact,four typesof prob-
lemsarisewhendealingwith largeamountf semistructured
information:

— Searching information: Existingkeyword-basedearch
retrievesirrelevantinformationthat usesa certainword in a
differentmeaningor it may missinformationwheredifferent
wordsaboutthe desiredcontentareused.

— Extracting information: Currentlyhumanbrowsingand
readingis requiredto extractrelevantinformationfrom infor-
mationsourcesinceautomatiagentsnissall commorsense
knowledgerequiredto extractsuchinformationfrom textual
representationgndthey fail to integrateinformationspread
over differentsources.

— Maintaining weaklystructuredext sourcedifficult and
time consumingactiity when such sourcesbecomelarge.
Keepingsuchcollectionsconsistentcorrect,and up-to-date
requiresmechanizedrepresentatiorof semanticsand con-
straintsthathelpto detectanomalies.

— Automatic document generation [Perlowitz andEtzioni,
1997 discusgheusefulnessf adaptve Web siteswhich en-
abletheir dynamicreconfiguratioraccordingto userprofiles
or otheraspect®f relevance. Suchgeneratingpf semistruc-
turedinformationpresentationfrom semistructurediatare-
quiresa machine-accessiblepresentationf the semantics
of thesenformationsources.

In general,two alternatve and complementarystratejies
are available to achieve this goal. First, one canenrichin-
formationsourcesleclaratively with annotationghatprovide
their semanticén amachineaccessiblenanner Secondpne
canwrite programs(filters, wrappers,extraction programs)
that procedurally extract such semanticsof Web sources.
Clearly the declaratve and the proceduralapproachesre
complementaryTheProcedurahpproacttanbeusedo gen-
erateannotationdor Web sourcesand existing annotations
make proceduralaccesdo informationmucheasier In this
paperwe will focusonthefirst approachi.e.,ondeclaratve
representationsf semanticsandreferthereadetto [Muslea,
1999 for a survey onwrappergeneratiorandotherprocedu-



ral informationextractiontechniques.

The contentof the paperis organizedasfollows. In sec-
tion 2, we describeexisting languagedor annotatingWeb
sourceswvith semantics We analyzeHTMmL (the (META)-tag
andthe (sPaN)-tag), style-sheemechanismsxML andRDF.
In section3 we analysesyntacticfeaturesof thesdanguages,
suchasthe possibility to avoid informationduplicationand
to exploit scoping.Section4 takesa moreKR point of view
andanalyzeghe modelingprimitivesof theselanguagegor
factualknowledge terminologicalknowledgeandinferential
knowledge. Section5 concludesthe paperby providing a
summaryandanoutlook.

2 Existing semantic mar kup-languages

In thissectionwe will discusdifferentwaysin whichseman-
tic markupcanbe addedto Web-pagesisingW3C technol-
ogy.

2.1 HTML-based semantic markup

HTML (META)-tags

Historically the first attemptat representingsemanticas-
pectsinsideWeb-documentaretheHTML META-tags.Their
intendeduseis limited to statingglobal propertieghatapply
to the entiredocumentfor example:

(HEAD)
(META NAME="AUTHOR" CONTENT="FRANK")
(/HEAD)

Thisexpresseshattheauthorof theentiredocuments Frank.

Although unintended,the META-tag mechanismcan be
stretchedo allow statementsboutspecificparts of thetext,
insteadof only propertiesapplyingglobally to theentire text.
This relieson usingthe anchormechanisnmof HTML (under
line addedfor emphasi®nly):

(HEAD)
(META NAME="AUTHOR"
(META NAME="LOCATION"
(META NAME="TEL"
(META NAME="ROOM"
(/HEAD)
(BODY)
This page is written by
(sPAN ID="LO")Frank van Harmelen(/sPAN).
(sPAN 1D="L1")
His tel.nr. is (sPAN ID="L2")47731(/span),
room nr. (SPAN ID="L3")T3.57(/span)
(/span)
{(/BODY)

This statesthat contentsof the type indicatedby the NAME
attribute of the (META)-tag (AUTHOR, LOCATION, etc) canbe
foundatthe specifiedocationin thedocument.

This is stretchingthe META-tag mechanismbeyond its
original limits: the above useof anchordn META-tagsis not
standardisedt canbeexploitedin softwareif onewishesto,
but it cannotbe relied uponto be treatedby standard\Veb-
browsers search-enginesgfc.

The SHOE researchproject[Luke et al., 1997 proposes
essentiallyan extensionof the HTML (META)-tag concept.

CONTENT="#L0")
CONTENT="#L1")
)
)

CONTENT="#1L2"
CONTENT="#L3"

The fact that SHOE expressionscan occurin both (HEAD)

and (BopY) of a documents unimportant;what mattersis

that (like HTML (META)-tags), SHOE expressionsare sepa-
rate from the contentsof a document,and apply to the en-
tire document. WhereasHTML (META)-tagsarelimited to

attribute-\value pairs, SHOE expressionsnclude arbitraryre-
lationsbetweerinstances:

(INSTANCE KEY="HTTP://WWW.CS.VU.NL/ FRANKH")
(RELATION NAME="FULLNAME")
(ARG POS=TO VALUE="FRANK VAN HARMELEN")
(/RELATION)
(RELATION NAME="AUTHOR-OF")
(ARG POS=TO VALUE="HTTP://..URL OF THIS DOC..")
(/RELATION)
(RELATION NAME="TEL"
(ARG POS=TO VALUE="47731")
(/RELATION)
(RELATION NAME='"ROOM")
(ARG POS=TO VALUE="T3.57")
(/RELATION)
(/1NSTANCE)
This page is written by Frank van Harmelen.
His tel.nr. is 4773, room nr. T3.57.

TheURL http://www.cs.vu.nl/ frankh istheidentifierfor
the personFrank and usedto describehis properties. The
syntaxp0s=T0 stateghattherelationsapplyto thecurrentin-
stancqgi.e. the personfFrank).
HTML (SPAN)-elements
Accordingto the HTML 4.0 specificationthe (SPAN) ele-
ment“is a genericcontainerof ary text elementoffering a
genericmechanisnfor addingstructureto documents'Us-
ing the standardcLass attribute, the samesemantianarkup
asabove cannow bewritten asfollows:
(BODY)
This page is written by
(SPAN cLASS="AUTHOR")Frank van Harmelen(/SPAN).
(SPAN cLASS="LOCATION"
His tel.nr. is (SPAN cLASS="TEL")47731(/sPan),

room nr. (SPAN CLASS="ROOM")T3.57(/sPAN)
(/span)

(/BODY)

Althoughintendedor specifyinglayout,the HTML-4.0refer
encedocumentlreadysuggestshe useof the (SPAN)-tagto
expresssemanticstructureof a document, sothis useof the
(sPaN)-tagshouldnot be consideredisinappropriate

The markup-schemaisedin Ontobroler [Decler et al.,
1999 is basedon the sameidea asthe HTML (SPAN)-tag
approachput usesthe HTML anchortag (A) insteadof the
(sPaN)-tagfor the samepurpose.
Cascading Style Sheets (Ccss)

Cascadingstyle Sheetgcss) aimto separatéhe structure
of a documentfrom a specificatiorof the layout of the doc-

lomL (http:/imave.eecs.wsu.edu/CKRMI/OML.htmi§ the en-
codingof (asuitablymodified)SHOE in xML. Onemaindifference
is that the distributed SHOE markupneedsto be gatheredand ex-
tracted sinceit is embeddedn HTML pageswhereaghe omL files
only pointto HTML files,andcaneitherbedistributedor centralized.
SinceoMmL is separatethelegag/ HTML neednot be modified.



ument. Particular documentelementscan be formattedas
specifiedn styleinformation:

(HEAD)

(sTYLE) P.TECHNOTE {font-size: 50%} (/STYLE)
(/HEAD)
(BODY)

(P cLASS="TECHNOTE")a note in a small font(/p)

(/BODY)

specifieshat paragraph$rom the classTECHNOTE shouldbe
setin asmallerfont.

Although originally intendedfor layout information, the
(sTYLE)-mechanisntanalsobe used(atused?)for adding
semantidnformation:

(HEAD)
(sTYLE)
SPAN.LO
SPAN.L1
SPAN.L2
SPAN.L3
(/sTYLE)
(/HEAD)
(BODY)
This page is written by
(sPAN cLASs="L0")Frank van Harmelen(/sPaN).
(sPAN cLAss="L1")

His tel.nr. is (SPAN cLASsS="L2")47731(/span),

author}
location}
tel}
room}

{contents:
{contents:
{contents:
{contents:

room nr.(SPAN CLASS="L3")T3.57(/span)
(/span)

(/BODY)

22 XML

Oneof theresultsof a generalpushtowardsmore semantic
structureon the Web hasbeenthe developmentof the XML
markuplanguagé xML allows Web-pagecreatorsto use
their own setof markup-tagsThesetagscanbe choserto re-
flectthedomainspecificsemantic®f theinformation,rather
thanmerelyits lay-out.

(BODY)
This page is written by
(auTHOR)Frank van Harmelen(/AUTHOR).
(LocaTION)
His tel.nr. is (TEL)47731(TEL),
room nr. (rooM)T3.57(/room)
(/LocaTION)

(/BODY)

In essencexML allows usto structuréNeb-pagesslabelled
trees, wherethe labels can be chosenby the information
provider to reflectasmuchof the documentsemanticasis
required.Thelabelledtreefor the abore xML-codeis shavn
below:

ZStrictly speakingxML is a markupmeta-languagegut we will
follow commonpracticeandignorethis difference.

3Using shareddentifiersin the xML attribute/haluemechanism
it is possibleto encodearbitrarygraphsasxmL trees,but this does
not changethe fact that the lexical structureof an xmL document
remainsatree.

BODY
AUTHOR LOCATION

TEL ROOM
Although xmL allows the useof ary tagsaslong asthey
are properlynestedin the document,t is possibleto define
restrictionson the setof tagsthat canbe usedin document.
This is donein a DocumentType Definition (DTD), which
expressesn a grammaslike formalism which allowed se-
quencesandnestingof tagsareallowedin adocument.

2.3 RDF(S)

Thethird andfinal W3C-supportedemantianarkup-scheme
thatwe will discusds RDF (currentlya W3C proposedec-
ommendation).

XML provides semanticinformation as a by-product of
definingthe structureof thedocumentxML prescribesatree
structurefor documentsand the differentleaves of the tree
have a well-definedtag and contet the informationcanbe
understoodwith. Thatis, structureand semanticof docu-
mentareinterwoven.

The Resource Description Framework RDF [Lassilaand
Swick, 1999 providesameandor addingsemantic$o adoc-
umentwithout making ary assumptionsboutthe structure
of thedocument.lt is an xML application(i.e., its syntaxis
definedin XxML) customizedor addingmetainformationto
Webdocumentsilt is currentlyunderdevelopmentasa W3C
standardor contentdescriptionf Web sourcesandwill be
usedby otherstandardsuchasPICS 2, P3R andDigSig.

The datamodel of RDF providesthree objecttypes: re-
sourcespropertytypes,andstatements

e A resource is an entity that canbe referredto by a ad-
dressat the WWW (i.e., by an URI). Resourcesrethe
elementghataredescribedy RDF statements.

o A property definesa binary relationbetweenresources
and/oratomicvaluesprovidedby primitive datatypedef-
initionsin XML.

o A statement specifieffor aresourcea valuefor a prop-
erty. Thatis, statementprovide theactualcharacteriza-
tionsof theWebdocuments.

A simpleexampleis

Author (http://www.cs.vu.nl/"frankh) = Frank®

This statesthat the authorof the namedWeb documentis
Frank.Valuescanalsobe structurecentities:
Author (http://www.cs.vu.nl/~frankh) = X
Name (X) = Frank

Email(X) = frankh@cs.vu.nl

wherex denotesan actual(i.e., the homepageof Frank)or
avirtual URI. In addition,RDF providesbags,sequenceand
alternatvesto expresscollectionsof Web sources. Finally,

“In themostrecentrDF draftsresourcerecalledsubjects, prop-
ertiesarepredicates, andstatementareobjects.

SWe skip the awkward syntaxof RDF becausesimple tooling
couldeasilypresentt in amorecommorformatsuchasshavn here.



RDF canbe usedto make statements&boutRDF-statements,

i.e. it providesmeta-level facilities:

Claim(Dieter)=(Author (http://www.cs.vu.nl/~frankh)

Frank)

stateghatDieterclaimsthatFrankis theauthorof thenamed
resource.

[Brickley et al., 1999 provide abasictypeschemdor RDF
(called rRDFs during the following) basedon core classes,
corepropertytypesandcore constraints.Threecoreclasses
areprovided by the RDF Schemamachinery:Resource (i.e.,
the classof all objects),Property Type (i.e., the classof all
binaryrelations) andClass (i.e., the classof all types). Two
core propertytypesare provided: instanceOf and subClas-
sOf. instanceOf definesarelationbetweeraresourceandan
elementof Classand SubClassOf definesa relationshipbe-
tweentwo elementof Class. SubClassOf is supposedo be
transitve. Constraint is a subclasof Property Type andhas
thetwo coreinstancesange anddomain applicableto prop-
erty typeshaving a classasvalue. Range and domain define
therangeanddomainof propertytypesrespectrely.

3 A Symbol-level comparison

In this sectionwe discusssomesyntacticand pragmaticre-
guirementsvhich Web-basednarkuplanguagesnustsatisfy

in orderto be a practicalbasisfor Knowledge Representa-

tion on the Weh We will alsoindicate how well eachof
themarkup-schemedescribecibore scoreontheserequire-
ments.

3.1 Supported by Web technology

No matterhow niceary KR representatiofanguages aspro-
posedby the Al community therealWeb canhardlywait un-
til NetscapandMicrosoftdecideto supportsuchalanguage.
Evenif unpalatabldor the Al community the orderof prece-
denceis the otherway round: how well canAl conceptde
fittedinto the markuplanguageshatarewidely supportecn
theWeb, eithernow or in theforeseeabléuture.

Unfortunatelythisrequirementisqualifiesalot of current
researctaimedatapplyingAl techniqueso theWeh Instead,
mary of the markup-schemedescribedabove, are already
(or will soonbe) widely supportedwith the exceptionsof
SHOE andOntobroler (both of which aresyntacticvarieties
of schemeshataresupported).

3.2 Avoiding duplication

A basictenetof informationmodellingis thatredundang in-
evitably leadsto inconsistenyg. It is thereforeunfortunatehat
someof theabore markup-schemesnforcea duplicationbe-
tweeninformationfor semantigurposesndinformationfor
rendering. Of course,no syntaxwould be able to avoid
thepossihility of statingredundaninformation,but we would
prefera syntaxthatdoesat leastnot necessitate suchredun-
dang. Considethefollowing HTML (META)-tagscheme:

(HEAD)
(META NAME="AUTHOR" CONTENT="FRANK"
(/HEAD)
(BODY)
This page written by Dieter.
(/BODY)

Althoughthis canbe avoidedby the useof anchorsasshovn
above, this goesat the costof browsersupportfor thatnon-
standardnechanism.

The sHoOE markup-schemeuffers from the samedraw-
back:meta-informations statedseparatelandduplicateghe
renderectontentf thedocument.

XML is moreattractiein thisrespectsinceit useghesame
informationfor bothrenderingandsemantigurposes:

(BODY)
This page written by
(AUTHOR)Dieter(/AUTHOR).

(/BODY)
The sameeffectis obtainedusingHTML (SPAN)-tags:

This page written by
(SPAN CLASS="AUTHOR")Dieter(/sPAN).

and similarly for style-sheets.Ontobroler also managego
avoid duplication, but at the price of using non-standard
HTML:

This page written by

(a onTo="TAG[AUuTHOR=BODY]")Dieter(/a).

wherebody is aresenedword referringto thetext contained
in the (a)-tag(ie. Dieter).

A strengthof RDF is the decoupling of the structureof the
documentand the structureof the meta-information. RDF
makesno strongassumption®n the internalstructureof the
documenthatit providesmeta-datdor (unlike XML, which
assumeshat the documenttself is structuredas a labelled
tree). As a result, RDF is forcedto duplicateinformation,
sinceit cannotassumehat the meta-informations already
presentn thedocumenttself. xML canavoid thisduplication
atthe price of interlearing documenstructureand-contents
with meta-information.

3.3 Allowing nesting

Nestingof expressionss afamiliardevicein languagelesign
to achieve scoping.For example the following

Frank’s tel. nr is 47731,
Dieter’s tel. nr is 6921.

tellsusnot only thatwe aredealingwith two namesandtwo
telephonenumbersput alsowhich numberbelongsto which
name.Suchnestingcanbetrivially expressedn xMmL:

(PERSON)
(NAME)Frank(/NAME)’s tel. nr is
(TEL)47731(/TEL)

(/PERSON),

(PERSON)
(naME)Dieter(/NAME)’s tel. nr is
(TEL)6921(/TEL)

(/PERSON).

and similarly by using HTML (SPAaN)-tags. Becausethe



markupwith style-sheeexploits the (SPAN)-tag, nestingis
alsopossiblewith thatapproach.

The standarduse of HTML (META)-tags cannotexpress
suchnesting. The Ontobroler markupcanalso not express
suchnesting,sinceit exploits the (A)-tag, which cannotbe
nested.

More surprisingly perhaps,even a supposedlysophisti-
catedand carefully designedanguagdik e RDF is incapable
of expressingthis nestingin a naturalway. RDF only pro-
videsbinaryrelations,andanything else(n-ary relations hi-
erarchiesgetc) mustall be simulatedusing binary relations.
This quickly becomewery cumbersomeEventhetrivial ex-
ampleof nestinggiven abore becomesardwhensimulated
with binaryrelationsonly:

(A NAME="PERSON1")Frank’s tel. nr is 47731(/a),
(o naME="PERsON2")Dieter’s tel. nr is 6921(/a).

Name (#personl) = Frank
Tel (#personl) = 47731
Name (#person2) = Dieter
Tel(#person2) = 6921

The markup-schemef sHOE (alsobasedon binary rela-
tions)suffersfrom the sameproblems.

3.4 Summary

Theabove considerationsanbe summarisedh thefollowing
table. (The first groupconcerndraditional Web technology
the secondgroup new Web technology andthe third group
the proposalriginatingfrom Al).

Web avoiding allowing

support | duplication| nesting
HTML (META) + - -
HTML (SPAN) + + +
CSS + + +
XML + + +
RDF (S) + - -
SHOE - - -
Ontobroler - + -

4 A knowledge-level comparison

Besidesthe syntacticand pragmaticrequirementsinvesti-
gatedin the previous section,we can also analysethe var-
ious markup-schemesn their underlyingmodelling primi-
tivesandtheir expressie power. This is the purposeof the
currentsection.

4.1 Factual Knowledge: Data models

The data-modelsunderlying the various markup schemes
vary greatly:

— HTML (META)-tags only provide a basic attribute-
value mechanism .

— BothxML andHTML (SPAN)-tags(andthereforestyle-
sheetsbecausehey rely on the (SPAN)-tag) take labelled
trees for their basic data-model. (Although we have not
shawvn this in our examples attribute-value pairscanbe as-
sociatedwvith eachnodein suchalabelledtree).

— In Ontobroler the situationis someavhat complicated:
The value of Ontobroler’s non-standarcnto-attribute at-
tributeis itself anexpressiorin anothelanguagenamelyan

expression in F-logic [Kifer et al., 1995. As aresult,On-
tobroker's hasaccesdo F-logic’s rich datamodel,consisting
of classesattributeswith domainandrangedefinitions,is-a
hierarchieswith setinclusionof subclasseand multiple at-
tributeinheritance.

— RDF's datamodel is basedon binary relations, en-
hancedwith a reificationmechanisnto enablerelationsbe-
tweenrelations. RDFs usesthis basicdatamodelto build a
basicobject-orientedypeschemantop of RDF.

— SHOE’s datamodelis similar to that of RDFsS, but can
expressn-ary relations insteadof only binary relations. It
doesnotincludethereificationmechanisnof RDF. Although
not showvn in our exampleabove, SHOE allows the specifi-
cationof classesvith attributes,with multiple inheritanceof
attributesbetweerclasses.

Although RDFS, Ontobroler and sHOE all provide an
object-orientedtype schema,there is however an impor
tantproblemwith RDF/RDFS, whencomparedo Ontobroler
and sHOE: Contraryto object-orientecand frame-baseap-
proache®RDFS is property centric. Propertiesarenot defined
as attributesof objectclasseshut asrelationsthat link two
objectclassesThishastheconsequencdhatpropertiehave
a globaldomainandglobal rangedefinition whereaobject-
orientedsystemsnayrefinethedomainandrangedefinitions
of an attribute by a subclasghatinheritsthis propertiesand
addsadditionaltype constraints.Also it is not possiblethat
differentobjectclassesisethe samepropertynamewith dif-
ferentdomainandvaluerestrictions.

4.2 Terminological knowledge: ontologies

Modern Knowledge Representatiorand Knowledge Engi-
neeringadwocateshe useof explicit ontologiesCYC [Lenat
andGuha,199d, KIF [Geneserethl991], Ontolingual Gru-
ber, 1993). Ontologiesare a specificationof the conceptu-
alisationandthe correspondingocalulary usedto describe
a domain. Roughly ontologiescorrespondto generalised
databaseschemas.However, ontologiescan be usedto de-
scribethe structureof semanticof muchmorecomplec ob-
jectsthancommondatabaseandarethereforewell-suitedfor
describingheterogeneouslistributedand semistructuredh-
formationsourcesuchasfoundontheWeh

It is thereforemportantthatarny semantianarkup-scheme
for theWeb supportghe notionof anexplicitly specifiedon-
tology.

— the HTML-basedapproachegall shortin this respect:
neitherthe plain attribute-\value data-modebf (META)-tags
nor the labelledtreesunderlyingthe (spAN)-tagsallow that
theirdata-schemis explicitly andseparatelgpecified Style-
sheetgrovide an explicit listing of the availableontological
catagyories,but suchaflat list of cateyory-namess notafull-
blown ontology

— HTML-derivedapproachesuchas sHOE and Ontobro-
ker do provide explicit ontologies,albeit in very different
ways. In SHOE, ontologiescan be definedby information-
providers themseles inside their own HTML pages(using
againa special-purposextensionto HTML). Suchan on-
tology containsa class-latticeandpossiblerelationsbetween
instance®f theseclassesOntobroler ontologiesaresimilar
in nature(a class-hierarchyattributeswith domainandrange



definitions,and multiple attribute inheritance)but an essen-
tial differenceis that Ontobroler relieson a singlecentrally
definedontology whereassHoOE allows for local definitions
of ontologieg(or local extensionf centralontologies).The
meritsof thesedifferentapproacheareunclear:obviously a
centralontologywill quickly becomea bottle-neckin Web-
baseddistributedinformationmodelling; on the otherhand,
unchecledcreating extendingandmixing of ontologieswill
just asquickly createthe sameproblemson the ontological
level thatnow exist on thelevel of theinformationitself.

— Theclosestthing that xmL offersfor ontologicalmod-
elling is the DocumentType Definition (DTD) which defines
the legal nestingsof tagsin a document. At first sight, the
nestingof tagsasillustratedin section2.2would seemto co-
incide with the notion of anontologicalhierarchy but thisis
in factnotthe case:a DTD specifieghelegal lexical nesting
in adocumentwhich may or may not coincidewith ary on-
tological hierarchy(subclassor part-of) of a given domain.
For example,anxML DTD may statethat (AUTHOR) maybe
nestednside(BOOK) or theotherway round,but no ontolog-
ical relationshipbetweenauthorsandbookscanbe inferred
from eithernesting. What is representedn an xmL-tree
arethe attributesdefinedfor classegascanbe seenfrom the
samefigure), but this is donein a very weakway: no range
restrictionson attribute valuescanbe stated ,andbecausef
theabsencef a class-hierarchythe usualinheritancemech-
anismis alsomissing. Work on xmL-schemgdMalhotraand
Maloney, 1999 may well contributeto bridging the gapbe-
tweenDTD’s andontologies.

— RDFS is notdirectly anannotatiorformalismbut rather
providesthe vocalulary usedfor annotation.Thatis, it can
be usedto describewhatis calledan ontologyin sHOE and
Ontobroler. In RDFS, propertiesaaredefinedglobally andare
not encapsulatedsattributesin classdefinitions. Therefore,
anontologyexpressedn Ontobroler canonly be expressed
in RDFS by reifying the propertynameswith classnamesuf-
fixes. This is a ratherdisappointingfeaturewhich ignores
all of thelessonsrom object-orientednodellingin the past
decadeor more.

4.3 Inferential knowledge
In this sectionwe analysethe extent to which inferential

knowledgecanbe expressedn thevariousmarkup-schemes.

As a simpleexampleof suchinferentialknowledge,we can
take thesubsumptiomelationshipbetweerauthorshigandco-
authorship Fromthefollowing document:

This document is written by (AuTHOR)Frank(/AUTHOR)
together with (co-AuTHOR)Dieter{cO-AUTHOR)

arny humanreademwill infer that Dieteris alsoauthorof the
documentsinceary co-authotis alsoanauthor For truly in-
telligentWeb-applicationst is necessarthatthisknowledge
is availablein machineaccessibléorm.

Of all the markup-schemediscussedbore, only SHOE
andOntobroler (preciselythe language®riginatingfrom Al
researclgroups)allow to expresssuchinferentialknowledge.
SHOE allowsto statepureHorn rulesinsidelocal Webpages,
while Ontobroler only stateghis inferentialknowledgecen-
trally (similarto therespectre decisionson the terminologi-

calknowledge).Ontobroler allows alargerfragmentof first-
orderlogic to be used,namelyexactly the fragmentwhich
canbe translatedo stratifiednormallogic programsvia the
Lloyd-Toportransformation$Lloyd andTopor, 1984

4.4 Summary
The comparisonon knowledge-level featurescan be sum-
marised(in avery abbreviatedform) in thefollowing table.

| | facts | terminology | inference]

HTML (META) -
HTML (SPAN) +
CSS +
+
+

XML

RDF (S)
SHOE ++
Ontobroler ++ ++ ++

+
+ -
++

5 Conclusions

We have provided a surwey andanalysisof traditional, new,
andarisingWeb standardeandshav how they canbeusedto
represenimachine-processabdemantic®f Web sources.

Our comparisonsummarisedn the two tablesabove, is
notmeantto suggesthatwe arehopingfor asinglelanguage
that will solve all problemsat all of the above levelsin an
satishctoryway. On the contrary we expectthat different
languagesvill emepgethatwill togethemprovide appropriate
solutionsgachwith its own specificintendedise.Insteadthe
above comparisoris meantasaninventoryon which aspects
eachof the currentlyavailablelanguage®n the Web scores
well or not.

The main conclusionswve candraw from this are as fol-
lows:

Looking atthe syntacticdesignof thevariouslanguagesi
is rathersurprisingto seehaw well HTML (SPAN)-tagscom-
parewith morenovel approachesuchasxmL. Oneof the
surprisesto us whenwriting this paperwasthat the HTML
(sPaN)-mechanisnalreadyprovidedmuchof thefunctional-
ity now soloudly adwertisedfor XML.

Furthermoreijt is ratherdisappointingo seethat RDF ig-
noresafew basiclessonsn languagelesign.

Looking at the semanticside of theselanguagesit is no
surprisethat traditional technologie(META), (SPAN)) are
not rich enoughin this respectput it is ratherdisappointing
that alsothe new Web technologiegxmL, RDF) fail to de-
liver, with little supportfor ontologies,and no supportfor
inference.

For applyingAl in realistic, large-scale Web applications,
all this implies the following: from a syntacticandtechno-
logical point of view, we canusethe well-supportedHTML
(SPaN)-tag, possiblygraduallymigratingto xML whensup-
portfor it grows.

Fromasemantigerspectie, RDF is unfortunatelynotgo-
ing to provide uswith whatis required, andmoreinput from
the Al communityis neededin the developmentof future
Web-standardsn particularconcerningherepresentationf
ontologicalandinferentialknowledge.

Comparingthe two summarytables, the two markup-
schemegrom anAl backgroundcoreloweron symbol-level



design,but they are much strongeron knowledge-level fea-
tures. It would seemthata combinationof featuress called
for.
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