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Abstract

This papershavs a new conceptof a virtual WWW documentVWD), asa setof WWW pagesepresenting
logical informationspace generallydealingwith oneparticulardomain. The VWD is describedising metadatan
the XML syntaxandwill be accessethrougha metadata.clasile, storedat the root level of WWW sites. We'll
suggeshow the VWD canimprove informationretrieval on the WWW andreducethe networkload generatedy
therobots. We describea prototypeimplementedn JAVA, within anapplicationin the ervironmentaldomain. The
exchangeof suchmetadatday in a flexible architecturebasedon two kinds of robots: generalistandspecialists
thatcollectandorganizethis metadatain orderto localizethe resource®nthe WWW. They will contributeto the
overall auto-oganizinginformationprocessy exchangingtheir indices thereforeforwardingtheir knowledgeeach
other

Keywords: informationretrieval, WWWsearch tools, metadatacoopeativearchitecture.

1 Intr oduction

Informationretrieval on the WWW hasbecomeone major researciproblem,partly becauseesourcesvailable on
the WWW areheterogeneousgcatterecdindvolatile. Anotherreasoris the scalabilityproblemdueto the continuous
growth of informationvolume. The WWW is viewed as a hypertet graphwherethe nodesare HTML pagesthat
canbeaccessethroughtheir URLSs, andthelinks aretextual anchordnsidea pagethat point towardsanotherURL
andthatenablethe userto jump from pageto page. HTML structureghe displayof pagesbut providesvery little
informationaboutthe contentandorganizationof pagesor collectionsof pagesit is preciselythis structuredcontent
we want.

To help usersto find informationon the WWW, searchools have beendesigned Most of themusetheinverted
file techniqueo build indicesandthe boolearmodelto matchtherequestvith theindicesof thedatabaseThe pages
areindexedasindependemtocumentsvithoutary structure.

Besidegheproblemof noiseandsilence therankedist of hundredhousandef URLs givenasresponsess very
difficult to exploit, becauseinlesswe downloadeachHTML page,we have no ideaof "is this pagereally tied with
thesubjectof our question?”.

In short, becauseahe million piecesof informationthat build the WWW hypertext network are organizedin a
“flat” way, currentWWW searchtools are not capableof extracting the logical structureand the context around
HTML pages.

To helpto capturethe structureandthe semanticsassociateavith eachsite, we proposeto definethe conceptof
virtual WWW document@sabstractionsf setsof pagesatdifferentlevelsof granularity which canbeorganizednto
differenthierarchief clustersn thesenseof [11]. We introducemetadatahatdescribeéhe VWDs precisely
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With regardsto the limits of the WWW metadatasee[10], we experiencedhe useof metadatavithin a community
of usersjn aparticulardomain the”sustainablelevelopment”.

We proposéo defineaflexible architectureusingthe existing andavailablesearchoolson the WWW which will
enableeverybodyto participatein the improvementof documentescriptions.This architecturds baseduponhigh
interactvity betweersearctoolsanda progressre organizatiorof informationon the WWW. With minimaleffort we
canusecooperatiorbetweerexisting isolatedelement®f the WWW, resolvingthe problemsof senersandbandwidth
overload,scalabilityandcontet aroundinformationspaces.

In section2 we give a modelof whatwe call a Virtual WWW Document(VWD), we explain how to createand
describevWDs with metadatan section3; thenwe describghe architecturef generalistendspecialistavhich can
takebenefitfrom theuseof metadataFinally, we review relatedwork andoffer conclusions.

2 The Virtual WWW Document(VWD) model

We startwith thefollowing remark:

In the “printer” world, it is easyto capturethe outline of a book, by readingthe table of contentsof the book, or its

summary Onthe WWW, thelogical structureof pagess notexplicit, evenif theauthorof pageshasa structuredand
hierarchicalview of hisinformation. To find outinformationwithout ary ambiguity we needto usea searchwordin

a particularcontext, (for examplewe wantto know thatthis setof pageds linked to ervironment,with environment
meaningecologyandnot computerervironment).

In orderto extract the context and organizationof a setof HTML pages,we proposeto definevirtual WWW
documentsye give arepresentationf themandwe usemetadatdo describehem.

The metadataarecomposedf both piecesof informationaboutthe contentof the documentindexternalto that
content. For instance at the booklevel the authorname the publicationdateandthetitle are outsideits semantical
content.

Our systemis basedon two simultaneoudevel access the datalevel (contentof pagesjandthe metadatdevel
(setof attribute-valuepairsdescribinghe contet of pages).

2.1 Definitions

In this sectionwe definethe conceptsand relationsmanipulatedoy the system: resource VWD, relation,context,
ontology, schemesite.

Definition 1 A HTML pageis a WWWTresouce which is identified and accessedhroughits URL. The relation
Page(URLtitle, date,text) containsthetitle, last modificationdate,text.

Definition 2 A hypertet link is representedy a relation Link(souce, label, target) whee source is the URL of the
resoucethelink startfrom,labelis thetext boundto thelink andtargetis the URL of the destinatiornpage

We give now a definitionof metadata

Definition 3 Litterally “data aboutdata”, metadatais madine understandablénformationaboutWWWresouces
or otherthings. Metadatahasa semanticanda structue aboutpeople things,conceptor ideas.

Definition 4 An ontologyis a domainspecificmetadata "objects, conceptsand other entitiesthat are assumedo
existin someareaof interestandtherelationshipghat hold amongthem”.

We defineOntology(nameref), whee nameis a Stringidentifyingthe ontology for example’thesaurusGEMET” in
theervironmentaldomain,refis the URL of the serviceor databaseprovidingthe vocalulary andrelationsbetween
terms.

Definition 5 A sthemeis a data modelusedto representthe data. To describethe informationin our systemwe
specifythe setof elementof metadatathe syntaxand the semanticof ead element. Sheme(namenetadata)is
identifiedby its name a setof element®f metadatafor examplethe MetaData Dublin Core.
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Figurel: Severalorganization®f the samesetof ervironmentalpages

This schemanaybestoredwithin thesite,at theroot placeor maybeareferencdo a URL storedsomevhereelse.

Definition 6 A relationis representedy Relation(hametype)whee nameis the nameof the N:M relationshipbe-
tweenvVWDs,or VWD andHTML pages.Typeis thetypeof therelationship.

Examplef relationsareassociationchild, containsyeference. .. We usetwo importantrelations:
- child is the compositiorrelationshipwith othersubdocuments;
- contaings thesetof HTML pagedelongingrelationship.
We introducenow the notionof context arounda pageor a document Eachpageor documenbelongsto a context.
Let's go backto the library example,and considera pageof a book. This pagebelongsto a section,this section
belongsto a chapterwhich belongsto the bookitself. Eachlevel of organizationof the book givesa contet, from
the highestlevel (theroot is the book) to the next level in the hierarchyup to the pagelevel. Thesecontets may
inherit from their fathercontet, dependingf the attributesare dynamicdescendingcanbe propagatediown to the
hierarchy).Sowe suggesto makeexplicit thesecontets within the WWW documentsby giving someinformation
aboutpagesor setof pagescontainedwithin adocument.The Fig. 1 shavs how the WWW pagescanbe organized
into clusterscalledVWDs, onepagecanbelongto differentdocumentsthereforeboundedo differentcontexts.

Definition 7 A contet is representecdy a tuple Context(name Ontology Stheme,{Field}), whee nameis a string
uniquelyidentifyingthe contet, a setof 4-tupleField(attribute,qualifier, value,type)whee :

- attributeis the nameof thefield;

- qualifier bringsin more precisionto thefield;

- valueis a setof keywords belongingto an Ontologyor not;
- thetypeof valuee {String,Int, Float, Boolean Date}.

Definition 8 Letusgivea definitionofa VWD:

a collectionof pagesclusteed accoding to somecriteria, for instancepagesdealingwith the samesubjectiike ervi-
ronmentrepresentinga semantidnformationunit which canbe givenasa responsédo a users request.

AVWDis representedy VWD(URL,Contet, [Relation]) whee:

- URL is theidentifier of the pageor servicedescribingthe VWD;
- Contet is themetadatdinkedto the VWD;
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- Relationis a typedlink betweerVWDs,for examplethe link child enablesto definea DirectedAcyclic Graph
(DAG) of VWDs.

Eachpagecanbelongto oneor sereraldocumentsA documentitself canbea componentf otherdocuments.
Definition 9 A WWWisiteis characterizedby Site(domain{resouce },[ {VWD}], [metadata.clas$) whee:

- domainis the domainnameof the serverhostingthe WWWresouces(for examplewwww3c.on);

- resouce is anydataavailableon a WWWsitethrougha URL;

- VWDis a collectionof WWWpagesor resouceswhich canbeexplicitedandorganizednto a DAG of documents;

- metadata.clasfile is the context of the VWDsavailableon a WWWsite, and stored at the root level of the site,
accessiblehrougha URL.

Thelasttwo component®f this relationareoptional,we seelaterhow they canbe generateéindmaintained.

2.2 Describinga VWD with metadata

This semanticsandstructuremay be different,accordingo the creatorof metadataandit would be naive to consider
that only one standardizednetadatawill be usedby every one. The recommendationgiven by PICS[3, RDF[4],
including a meta-metadatto definethe type of descriptionsisedwill beadoptedjn conjunctionwith the semantics
choserby OCLC/NCSAWorkshop[16.

In the following, we give an example of our metadata. Our model requiresthe exchangeof indices between
differententities,in anextensibleandflexible way. XML is a documendescriptionanguagdg1], which enableghe
representationf structureddocumentandwhich is flexible andsimplefor the authorsto use. Moreover, it will be
translatedy the next versionsof “browsers”from NetscapeandMicrosoft.

Sowe optfor aXML syntaxandwe includethe semantic®f MetadateDublin Core.

<?xml version= "1.0" ?>

<?xml:nam espace ns="http:/ /g ros eill e.e mse.f r/ DC Prefix=" DC?>
<IDOCTYPE DOCUMENThttp://w  ww.ense.fr /[~ bro dhag/pr oj ele v#d0.">
<DOCUMENT

<DC:Langua ge>" fr-French " </DC.Lan guage>
<DC:Title> "environ ment" </DC:Titl e>
<DC:Subjec t>
<DC:sche me>
<DDC>" 333.3" </DDC>
</DCsche me>
</DC:Subje ct >
<DC:Subjec t> "pollutio n" </DC:Subj ect>
<DC:Relati on>
<type="chi Id ">
"http://iwmw  w.emse. fr /b ro dhag/ pr oje le VIR ESOWRCES"
</type>
</DC:Relat io n>
</DOCUMER>

3 Creating,indexing and querying the VWDs

In this section,we introducethe problemof creatingthe VWDs, how thesedocumentsremaintainedandby whom,
finally we explain how to retrieve them.
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Figure2: Creationof VWDs

3.1 Creationof VWDs and their context

Two solutionscanbeadoptedo generatéhe VWDs. Firsttheauthorof HTML pagesaddMETA tagsinsideits pages
to indicatethatthesepagedelongto one(or seseral) VWD locatedanddescribedn a metadata.clasde in the host
sener. For exampleheuses

<META NAME="containedIn"
CONTENT="http://groseille.emse.fr/meta data.class#  dO>

This solutionis practicalfor theadministratiorof VWDs becauséf a pageis deletedor modified,no changehas
to bedonein theVWDs. If authorareencouragedo put META keywords,descriptionsubjectinsidethe pagesthen
it will helpto apply clusteringalgorithmto automaticallybuild the hierarchieof VWDs.

A seconctonsistdn creatingonly the VWDs andusingtherelationcontaingo includethe setof pagesnsidethe
VWD.

<DOCUMENT>
<DC:Relation>
<type="contains">
"http://lwww.emse.fr/"brodhag/projelev/RE SOURCES/index.html"
</type>
</DC:Relation>
</DOCUMENT>

This secondsolutionenablea librarianor anexpertin a particulardomainto build the VWDs without the help of
the authorsof pages.This approactencourages betterclassificationof pagesusingad-hocthesaurior well-known
classificatiorschemesThe variouscontets of VWDs canbe storedoutsidethe hostsener of pagesfor examplein
dedicatedseners,andwill have to be maintainedegularly by librarians.

Thecontets of VWDs areeitherstoredn ametadata.cladie accessibl¢hroughHTTP attherootlevel of WWW
sites(seeALIWEB) or insidea specificdomainsite.

3.2 Indexing VWDs

In the following, we areinterestedn theindexing of the VWDs. The VWDs arerepresentedy their context, their
contentwhichis the contentof the setof pageghey arebuilt of, andtheir relationswith otherVWDs.

In the indexing phasewe keepin the index thewhole context andcontentof VWDs, whereasonly the structure
links will beindexed.

In orderto optimizethe index traversaltime, we choseto propagatehe dynamicattributesalongthe DAG of
VWDs, i.e building theindex apriori. Eachcontet is a structurednformationstoredin a databaseandthecontentof
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aVWD is storedapartof, to procesgheregularexpressiorsearchfor exampleby usingtheinverted-filetechnique).
As the contentof a sub-documenis a partof the contentof a higherlevel documentwe cannoticethatthis content
couldbe duplicatedn eachlevel of the hierarchyof the VWDs; in our solutionwe avoid this duplicationby keeping
the informationrelationin the index. The resultingcontentindex associatedvith the root level will be the content
agreyationof all of its components.

3.3 Querying VWDs

Thequeryprocesss basedn the hierarchyof contexts andthe propagatiorof the valueof dynamicattributesfor the
structuredpartof information,combinedwith a textual search.The setof attributeswhich form togetherthe context
of aVWD arecateorizedinto 2 types, asFourel[8] hasdefined:

Definition 10 A staticattributeis localto a node thevalueassociatedvith cannotbepropagatedalongthehierarchy
of VWDs.

Definition 11 A dynamicattributeis ascendindf its valueis propagatedup to the hierarchy, andit is descendingf
its valueis propagateddownto the hierarchy.

Let usconsidetthefollowing queries
Q1= ervironment
Q2 = waterpollution
Q3= watertreatment- ervironment+ pollution

In thequerieR2andQ3,thecontet ervironments explicitly specifiedn theuserrequestTheusualtoolswould
producethefollowing answers
Theanswerto queryQ1 containgmary correctmatchesbut they arelostin alot of noise.AltaVistagivesbacksome6
000000responsematchingtheword ervironment containingpagesiealingwith computersandecology If theuser
tries to refine his inquery (query Q2), pagescontainingonly water pollution and not environmentare not retrieved.
We have silencebecausehe contet ervironmenimaybeimplied in somerelevantpages.Q3involvessilencefor the
samereasoras Q2, wherea€Q3 without ervironmentinducesnoise,becauseavater treatmentoccurswithin boththe
medicineandthe ervironmentdomains.

Our systemsupportghe boolean(OR, AND, NOT) requestandthe regular expressionover structuredields and
text. Q1lis translatednto "subject:enironment”, Q2 = "subject:watepollution”, Q3 = "subject:(erironmentAND
pollution) AND (text:watertreatmentOR subject:watetreatment)”.In contrastjf metadatas addedto documents,
theuserrecevesthefollowingresults. Q1 returnsherootdocumentsiescribedy the“environment”subjectjnstead
of thewhole pagescontaining’environment”. Becausé€)2 is moredetailed theresultsis a setof documentspeaking
of “water pollution” in theervironmentor enterprisecontext.

Q3returnsthe mostspecificpagecontaining‘treatmentof water” in therecursve pollution andenvironmentcontext.
LookingatFig. 3, anotheinterestinguestioris Q4= subject:(ealAND air). Asthesubjectis bothdynamicascending
anddescendingtheresultwill bethe moregeneralVWD pollution, containingsubdocumentdealingboth with air
andwater

3.4 Experiments

We testedour searchalgorithmin several senersin the EcoledesMinesde Saint-EtienneFor example,the erviron-
mentalsite

http://www.agora21.org

containsmore than one thousandof pagesorganizedalong a hierarchyof VWDs which can be labeledwith the
GEMET thesaurusThethesaurusnanagehe multilinguism,associatinggachindex termwith its equivalentin other
languagesThe hierarchyof documentgonsistf sixty nodeswith adepthof four levels. The mainlevel reflectsthe
contentof theinformation,with theenterpriseagend&1, Rio principles,associatesustainableevelopmenthemes.
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Figure3: Hierarchyof VWDs with contexts

Thewhole pageshave beenindexed usinganinvertedfile, the structureddatareflectingthe context of the VWDs
areaccessiblérom aJavaapplication.Thetreestructureof the VWDs andthepropagatioralgorithmareimplemented
in Java. Toolsto help usersto createthe VWDs with contets andto generatehe relationshave beenimplemented
with the graphicalSwing Java library. The Fig. 4 shaws a userinterfacewith the combinedqueryof structuredand
textual information,presentingheresultsagainsthe querywithin a hierarchyof contexts.

We cannow suggeshow theuseof metadatassociateavith documentganbe helpfulin a cooperatie architec-
tureof searchools.

4 The model of specializedand generalizedrobots

4.1 Definitions

* universalrobots: Universalrobotscurrentlyexist onthe WWW (eg. Alta Vista, Lycos),however we propose
introducinga new elemento universalrobotsto enhanceheir effectiveness Althoughthey will continuetheir
well-known functionof indexing whole pagesf the WWW, they will alsocollectandindex metadatan docu-
ments basednthe additionof a new collectionfiles (metadata.classyhich containscontets of documents.

We definetwo furtherkindsof robots: robotsfor generaburposeoolsandrobotsfor specializedools.

* generalists They arecravling the WWW to meige the metadatawith their indicesratherthanindexing the
whole URLs subtreeof a WWW site. They have two functions:

— first, they arecollectingthe metadataf whole siteson the WWW. They have a globalview of the WWW
andthey index summarie®f WWW documents,

— secondthey managenacquaintancdatabasef servicedaddressetly othersgeneralistandspecialists)
in orderto routethe queriesowardstheright services.

* gpecialists:. They have competenciesn a particulardomain. They usethe metadatao decideif they are
interestedr notin exploring subtreesndindexing pages They have agoodalgorithmfor indexing information
andarerequestedo provide final preciseandconsistentnformation.
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Figure4: Userinterfacefor queryingVWDs andWWW pagesn anervironmentalsite

4.2 Architecture
4.2.1 Principles

Ourarchitecturés basedn highinteractionsdetweertheentitieswhichareparticipatingto themodel. Eachspecialist
hascompetencieaboutits knowledgedomainandcanberequestedby otherspecialistor generalistslt candescribe
itself thanksto metadataandgive its own descriptionto be indexed by searchtools. Fig. 5 shawvs the designof the
overall framevork of generalist@ndspecialistshatcooperateisingthe metadatapecifiedn thelastsection.In this
sectionwe detailthe functionof therobots the serviceghey deliver andthe protocolsused.

Thefirst layeris the WWW including pagesandentry pointsto build VWDs. The secondayerrepresent¥Y WDs
themselesandtheir relationsdescribedvith metadata.clasfiles storedwithin sites. The next layer representshe
DAGs of VWDs collectedby serviceswvhich areuniverseltools, generalistor specialistdools. An administratorof
VWDs canregistera specialistor a generalisin orderto be indexed by themor to updatetheir knowledgedatabase.
Thenext layeris thearchitectureof cooperatingoolswhich exchangeandfilter the metadatahey collectedfrom the
WWW sites. The lastlayer is the queryprocessoto one of the tools participatingto the cooperatre architecture.
Threeentitiescanoutlined,asthey have well-definedfunctionsandasthey surrendeservices.

Definition 12 A serviceis representedby Service(URL protocol, Sheme)wheee the URL is the HTTP accessto
the service protocolenablesa standadizationof exchangesand Sthemespecifiesn which formatthe useror other
servicexanaccesdo themetadata.

4.2.2 WWWsitesprovidingmetadata

A WWW site storesa setof WWW pageslf metadatas embeddedvithin anexisting hierarchyof documentshena
sitemayprovide:
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Figure5: Architectureof thesystem

¢ oneor severalorganization®f pagesandVWDs
e ametadata.cladfle describingpagesandVWDs

¢ oneschemandontologyof thesemetadatahatspecify:

— A metadatdormat(for instanceSOIF[5], RDF [4], MCF [2])
— OneclassificatiorschemgDDC, CDU)
— Thenumberof pager volumeof thesite

— Thesaurusr taxonomyif used
¢ afingerprintof otherservicesvhich have alreadyindexedit.

e astandardobot.txtfile

Whena robotscansa site which containsmetadatait canusethe metadatao decidewhetherto index the URLs
onthissiteor not. It canalsousethis metadatansteadof the documentshemselesfor building its indices,thusre-
ducingthe networkload. In this casejt is possibleto improve answerdo generafueriesthosethatgive thousandef
answers) if aquerygenerate@0000URLslocatedon 100sites,it is probablybetterto returnthemetadatassociated
with thesel00sitesratherthana (poorly) orderedist of 10000URLs. Suchnon-specifiqqueriesshouldbeaddressed
to generaburposesearchools.

Reciprocallywell-definedqueriesshouldbe addressetb specializedsearchtools.
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Figure6: Implementatiorof specialists/generalists

4.3 Interactions betweenentities

4.3.1 Specialists

A specialistis createdwhenneededand providesan identificationand descriptionof its interestdomain(like ervi-
ronment).It registersgeneralistor specialistsharingthe samedomain,“push” informationabouthimself. Its main
functionconsistdn gatheringandindexing informationconcerningts domain.

¢ collectingpagest+ metadataaccordingto somecriteria (for instanceVWDs belongingto an organizationor a
domain),

¢ indexing HTML pages+ metadataccordingo somecriteria,

¢ storingindicesandmetadata,

e routingrequestso othersspecialistor generalists

¢ administratinglatabase@updatingdata,deletinginvalid data. .) ,

¢ publishingits own schemeandontology, from a collectionof variousontologiesandmetadata.

¢ keepinganacquaintancdatabasef othertools,andaconfiguringdfile.

4.3.2 Geneanlists

¢ collectingontologiesandmetadatdrom oneor severalsspecialistavith keepingreferenceso the specialists
o directly collectingthe metadatdrom the dataWWW sites

¢ routing the refinedqueriesto the adequatespecialistor providing summarizedesponse$o generaluserre-
quests,

o adopta political decisionto collectall the metadatan theinternetor not.
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Q = treatment water + pollution + enviromment

Figure7: Routingrequest

4.4 Routing request

Supposave have two specialistsS1 and S2 dealingrespectirely with ervironmentand pollution. Considemow the
W1 sitewhichfills S1andS2in ervironmentaldata,with metadatandpagesG knows S1andits knowledgedomain,
whereasS1knows S2whichis morespecificthanitself.

1 Theuserasksageneralis3. Q3is translatedo subject= ervironment,keywords= treatment+ watet
2 Thegeneralistinds onespecialisin the ervironmentarea.He contactsS1andtransmitstherequest.
3 SlknowsanotherspecialistS2,whoseareais specificto “pollution of water”. He transmitsQ3to S2.

4 Slgivestheuseracollectionof documentandpageseretrievesfrom hislocal databasandshavsthecontet
of hisresponsewith the descriptiorof S2included.

5 S2givesthehierarchicakreeof conceptgo theuser
6 TheuserrequesS2for moredetailedinformation.

7 S2searchesis databasandgivesresultsto theuser

5 Relatedwork

Today the WWW well-known searchtools may be classifiednto two catejories:

the universalsearchtools andthe thematicdirectories.In this section,we studythesetwo typesof searchtools and
we focusparticularlyon the classificatiorof WWW sites,revealinghow the context andthe scalabilityproblemsare
dealtwith currentresearch.

5.1 Universal search tools

Thesesearchools areuniversalin the sensdhatthey try to index the whole WWW. As the WWW grows, universal
toolsbecomemorenumeroustesultingin overloadnetworkbandwidthsanddifficultiesto bringthe centralizedndex
upto date.They cometo beinadequatén finding relevantinformationall over the WWW. Main weaknessesre:

* toomary irrelevantresponses,
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* noorganizationn theresponseteadto difficult wayto exploit them. AltaVistagivesback3 000000responses
to the “ernvironment”requestwithout explicit ordes

* |lossof contet aroundtheresponses,

* noaccesso the non-textual documentgimages soundsyideo)which arenot easilyindexed.

5.2 Classification

Organizatiorof informationis necessarfjor efficientinformationretrieval. Referringto the classifyingmethodscom-
ing from libraries,it is fundamentato classifydocumentsn orderto retrieve them. Classificatiorof datahasbeenthe
mostusefulmethodfor organizinginformationin domainslike library science[7 andtaxonomy[13. Standardized
classificatiorschemegmegedearlyin the 19thcentury for examplethe well-known DDC (DecimalDewey Classi-
fication). This methodis calledsyntheticaindexing, theaimis to put oncein the shehesthebookattachedo anode
of the globaluniversalknowledgehierarchy Anothermethod calledanalyticalindexing consistan associatingerms
stemmingfrom a specializedhesauruso eachdocument.By associatinghesetwo methodswe candescribeboth
generabindspecificinformationandwe canprovide indicesto retrieve themmoreaccurately

5.2.1 Thematicservers

We describenow the other cateyory of available WWW searchtools. As an example, Yahooprovidesuserswith
themeango browsea hierarchyof thematicdirectories.A provider canregisterby filling aform to describsits site,
indicatingin whichtopichewisheshis senerto appeaandatwhich particularievel in thehierarchicatreeof subjects.
The adwantagef this processs to enableexploratoryresearchandbettercontrolin indexing (reducingthe noise).
Theproblemsencounteredby this approactare:

* manualindexing,
* only apartof WWW is indexed, sothereis lot of silencein theanswers,

* manualclassificatiorof the concept&ndmanualclassificatiorof the universalinformationrequiresa high cost
for maintenancandupdating,

* no content-tat indexing of pages.

If welook closerto thematicseners,we canseethatsomeclassificatiormethodhasbeenusedto index the sites.
Startingfrom a treeof conceptsstaticallydefined,eachsiteis describedy keywordsthathave beenchoserby their
author andhasareferencen the hierarchyof terms.Having Yahoo!asanexample,we caneitherfollow theordered
list of themesor askfor termsto retrieve theindexed pages.

5.2.2 Otherclassification®f WWWsites

The needof humango describedataaboutdatais necessaryo performgoodclusteringandto improve the quality
of the datadelivered. That problemhasbeendealtwith other domains,suchasdigital libraries, andinformation
retrieval(IR). The MetadataCore Workshop[1§ hasgatheredspecialistsn the scienceof informationandconcluded
to thedefinitionof a setof minimal metadatdo describethe networkecdelectronicinformation.

On the WWW ervironment,everybodyneedusing metadatdn orderto improve the descriptionof a collection
of pagesspeciallyon the WWW ernvironment,becauséhereis no meango retrieve theinternalorganization.To be
easilyindexed andretrieved,a setWWW pageseeddescription®f its contentandothercharacteristicéike author
title. .., thenarepresentationf thelatestthanksto metadata.

[13] providesa taxonomyandvirtual URLs for browsing andsearchindarge informationspacesn an Intranet.
Pan-bravser[14 supportsthe creation,presentatiorand control of metadatacreatedby users. In our model, we
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allow the designerof a site to addary metadatahat he feelsis ableto describehis documents He canchooseone
classificatiorschemen orderto disambiguatéheterms.

5.3 Scalabletools

To solve the scalability problem, systemshave beenbuilt upon the Internetbut imply defining a new architec-
ture (for example,Ingrid[9] hasdefineda new topologybeyond the WWW) or proposea new hypertextual system
(HyperWave[6]. Harest[5] suggests distributedarchitectureof index senerswith filtering mechanismso reduce
the networkbandwidthbut thereis not cooperatiorbetweerindex. HyPursuit[12 provide several co-existing hierar
chiesof clusterspuilt from anautomaticclusterizatiorof pages.

6 conclusion

To retrieve informationin computemetworks researcmeededo definestructurednetadatastandardembeddedn
the documentatiorto be usedfor organizinginformationandimproving the constructiorof generaindices.Herewe
have definedan algorithm and a propagatiormechanisito improve precisionand recall by expliciting the logical
structureof VWDs andaddingmetadatao describethem. We allow the userto expresscontetual queriesandthe
systemgivesanswersembeddedvithin differentcontexts andat differentabstractiorievels. We have a scalablear-
chitecturewhich offersthe presensearcltoolstheability to index quickly andwith bettercontrol. Our modelhasthe
following advantages

Decreaseconsumptiorof the bandwidth. Robotsare exchangingindicesand may only index summarieof
documents;

More relevantanswers.The contets attachedo the documentsre hierarchicallyorganized,nvolving better
controluponthecontentof thesener;

¢ Distributedindexing. Specializedobotsarefocusingtheinformationupononeparticulardomain;

A self-configuringsystem.Specializedandgeneralizedobotsarediscosering metadatdrom eachother

Ourfuturework aimsto implementa hierarchicclusteringalgorithmto build VWD automaticallyandto comparehe
meaningfulconceptgivenby humanwith labelsof concatenatedords.
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Abstract

This papershavs a new conceptof a virtual WWW documentVWD), asa setof WWW pagesepresenting
logical informationspace generallydealingwith oneparticulardomain. The VWD is describedising metadatan
the XML syntaxandwill be accessethrougha metadata.clasile, storedat the root level of WWW sites. We'll
suggeshow the VWD canimprove informationretrieval on the WWW andreducethe networkload generatedy
therobots. We describea prototypeimplementedn JAVA, within anapplicationin the ervironmentaldomain. The
exchangeof suchmetadatday in a flexible architecturebasedon two kinds of robots: generalistandspecialists
thatcollectandorganizethis metadatain orderto localizethe resource®nthe WWW. They will contributeto the
overall auto-oganizinginformationprocessy exchangingtheir indices thereforeforwardingtheir knowledgeeach
other

Keywords: informationretrieval, WWWsearch tools, metadatacoopeativearchitecture.

1 Intr oduction

Informationretrieval on the WWW hasbecomeone major researciproblem,partly becauseesourcesvailable on
the WWW areheterogeneousgcatterecdindvolatile. Anotherreasoris the scalabilityproblemdueto the continuous
growth of informationvolume. The WWW is viewed as a hypertet graphwherethe nodesare HTML pagesthat
canbeaccessethroughtheir URLSs, andthelinks aretextual anchordnsidea pagethat point towardsanotherURL
andthatenablethe userto jump from pageto page. HTML structureghe displayof pagesbut providesvery little
informationaboutthe contentandorganizationof pagesor collectionsof pagesit is preciselythis structuredcontent
we want.

To help usersto find informationon the WWW, searchools have beendesigned Most of themusetheinverted
file techniqueo build indicesandthe boolearmodelto matchtherequestvith theindicesof thedatabaseThe pages
areindexedasindependemtocumentsvithoutary structure.

Besidegheproblemof noiseandsilence therankedist of hundredhousandef URLs givenasresponsess very
difficult to exploit, becauseinlesswe downloadeachHTML page,we have no ideaof "is this pagereally tied with
thesubjectof our question?”.

In short, becauseahe million piecesof informationthat build the WWW hypertext network are organizedin a
“flat” way, currentWWW searchtools are not capableof extracting the logical structureand the context around
HTML pages.

To helpto capturethe structureandthe semanticsassociateavith eachsite, we proposeto definethe conceptof
virtual WWW document@sabstractionsf setsof pagesatdifferentlevelsof granularity which canbeorganizednto
differenthierarchief clustersn thesenseof [11]. We introducemetadatahatdescribeéhe VWDs precisely
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With regardsto the limits of the WWW metadatasee[10], we experiencedhe useof metadatavithin a community
of usersjn aparticulardomain the”sustainablelevelopment”.

We proposéo defineaflexible architectureusingthe existing andavailablesearchoolson the WWW which will
enableeverybodyto participatein the improvementof documentescriptions.This architecturds baseduponhigh
interactvity betweersearctoolsanda progressre organizatiorof informationon the WWW. With minimaleffort we
canusecooperatiorbetweerexisting isolatedelement®f the WWW, resolvingthe problemsof senersandbandwidth
overload,scalabilityandcontet aroundinformationspaces.

In section2 we give a modelof whatwe call a Virtual WWW Document(VWD), we explain how to createand
describevWDs with metadatan section3; thenwe describghe architecturef generalistendspecialistavhich can
takebenefitfrom theuseof metadataFinally, we review relatedwork andoffer conclusions.

2 The Virtual WWW Document(VWD) model

We startwith thefollowing remark:

In the “printer” world, it is easyto capturethe outline of a book, by readingthe table of contentsof the book, or its

summary Onthe WWW, thelogical structureof pagess notexplicit, evenif theauthorof pageshasa structuredand
hierarchicalview of hisinformation. To find outinformationwithout ary ambiguity we needto usea searchwordin

a particularcontext, (for examplewe wantto know thatthis setof pageds linked to ervironment,with environment
meaningecologyandnot computerervironment).

In orderto extract the context and organizationof a setof HTML pages,we proposeto definevirtual WWW
documentsye give arepresentationf themandwe usemetadatdo describehem.

The metadataarecomposedf both piecesof informationaboutthe contentof the documentindexternalto that
content. For instance at the booklevel the authorname the publicationdateandthetitle are outsideits semantical
content.

Our systemis basedon two simultaneoudevel access the datalevel (contentof pagesjandthe metadatdevel
(setof attribute-valuepairsdescribinghe contet of pages).

2.1 Definitions

In this sectionwe definethe conceptsand relationsmanipulatedoy the system: resource VWD, relation,context,
ontology, schemesite.

Definition 1 A HTML pageis a WWWTresouce which is identified and accessedhroughits URL. The relation
Page(URLtitle, date,text) containsthetitle, last modificationdate,text.

Definition 2 A hypertet link is representedy a relation Link(souce, label, target) whee source is the URL of the
resoucethelink startfrom,labelis thetext boundto thelink andtargetis the URL of the destinatiornpage

We give now a definitionof metadata

Definition 3 Litterally “data aboutdata”, metadatais madine understandablénformationaboutWWWresouces
or otherthings. Metadatahasa semanticanda structue aboutpeople things,conceptor ideas.

Definition 4 An ontologyis a domainspecificmetadata "objects, conceptsand other entitiesthat are assumedo
existin someareaof interestandtherelationshipghat hold amongthem”.

We defineOntology(nameref), whee nameis a Stringidentifyingthe ontology for example’thesaurusGEMET” in
theervironmentaldomain,refis the URL of the serviceor databaseprovidingthe vocalulary andrelationsbetween
terms.

Definition 5 A sthemeis a data modelusedto representthe data. To describethe informationin our systemwe
specifythe setof elementof metadatathe syntaxand the semanticof ead element. Sheme(namenetadata)is
identifiedby its name a setof element®f metadatafor examplethe MetaData Dublin Core.
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Figurel: Severalorganization®f the samesetof ervironmentalpages

This schemanaybestoredwithin thesite,at theroot placeor maybeareferencdo a URL storedsomevhereelse.

Definition 6 A relationis representedy Relation(hametype)whee nameis the nameof the N:M relationshipbe-
tweenvVWDs,or VWD andHTML pages.Typeis thetypeof therelationship.

Examplef relationsareassociationchild, containsyeference. .. We usetwo importantrelations:
- child is the compositiorrelationshipwith othersubdocuments;
- contaings thesetof HTML pagedelongingrelationship.
We introducenow the notionof context arounda pageor a document Eachpageor documenbelongsto a context.
Let's go backto the library example,and considera pageof a book. This pagebelongsto a section,this section
belongsto a chapterwhich belongsto the bookitself. Eachlevel of organizationof the book givesa contet, from
the highestlevel (theroot is the book) to the next level in the hierarchyup to the pagelevel. Thesecontets may
inherit from their fathercontet, dependingf the attributesare dynamicdescendingcanbe propagatediown to the
hierarchy).Sowe suggesto makeexplicit thesecontets within the WWW documentsby giving someinformation
aboutpagesor setof pagescontainedwithin adocument.The Fig. 1 shavs how the WWW pagescanbe organized
into clusterscalledVWDs, onepagecanbelongto differentdocumentsthereforeboundedo differentcontexts.

Definition 7 A contet is representecdy a tuple Context(name Ontology Stheme,{Field}), whee nameis a string
uniquelyidentifyingthe contet, a setof 4-tupleField(attribute,qualifier, value,type)whee :

- attributeis the nameof thefield;

- qualifier bringsin more precisionto thefield;

- valueis a setof keywords belongingto an Ontologyor not;
- thetypeof valuee {String,Int, Float, Boolean Date}.

Definition 8 Letusgivea definitionofa VWD:

a collectionof pagesclusteed accoding to somecriteria, for instancepagesdealingwith the samesubjectiike ervi-
ronmentrepresentinga semantidnformationunit which canbe givenasa responsédo a users request.

AVWDis representedy VWD(URL,Contet, [Relation]) whee:

- URL is theidentifier of the pageor servicedescribingthe VWD;
- Contet is themetadatdinkedto the VWD;
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- Relationis a typedlink betweerVWDs,for examplethe link child enablesto definea DirectedAcyclic Graph
(DAG) of VWDs.

Eachpagecanbelongto oneor sereraldocumentsA documentitself canbea componentf otherdocuments.
Definition 9 A WWWisiteis characterizedby Site(domain{resouce },[ {VWD}], [metadata.clas$) whee:

- domainis the domainnameof the serverhostingthe WWWresouces(for examplewwww3c.on);

- resouce is anydataavailableon a WWWsitethrougha URL;

- VWDis a collectionof WWWpagesor resouceswhich canbeexplicitedandorganizednto a DAG of documents;

- metadata.clasfile is the context of the VWDsavailableon a WWWsite, and stored at the root level of the site,
accessiblehrougha URL.

Thelasttwo component®f this relationareoptional,we seelaterhow they canbe generateéindmaintained.

2.2 Describinga VWD with metadata

This semanticsandstructuremay be different,accordingo the creatorof metadataandit would be naive to consider
that only one standardizednetadatawill be usedby every one. The recommendationgiven by PICS[3, RDF[4],
including a meta-metadatto definethe type of descriptionsisedwill beadoptedjn conjunctionwith the semantics
choserby OCLC/NCSAWorkshop[16.

In the following, we give an example of our metadata. Our model requiresthe exchangeof indices between
differententities,in anextensibleandflexible way. XML is a documendescriptionanguagdg1], which enableghe
representationf structureddocumentandwhich is flexible andsimplefor the authorsto use. Moreover, it will be
translatedy the next versionsof “browsers”from NetscapeandMicrosoft.

Sowe optfor aXML syntaxandwe includethe semantic®f MetadateDublin Core.

<?xml version= "1.0" ?>

<?xml:nam espace ns="http:/ /g ros eill e.e mse.f r/ DC Prefix=" DC?>
<IDOCTYPE DOCUMENThttp://w  ww.ense.fr /[~ bro dhag/pr oj ele v#d0.">
<DOCUMENT

<DC:Langua ge>" fr-French " </DC.Lan guage>
<DC:Title> "environ ment" </DC:Titl e>
<DC:Subjec t>
<DC:sche me>
<DDC>" 333.3" </DDC>
</DCsche me>
</DC:Subje ct >
<DC:Subjec t> "pollutio n" </DC:Subj ect>
<DC:Relati on>
<type="chi Id ">
"http://iwmw  w.emse. fr /b ro dhag/ pr oje le VIR ESOWRCES"
</type>
</DC:Relat io n>
</DOCUMER>

3 Creating,indexing and querying the VWDs

In this section,we introducethe problemof creatingthe VWDs, how thesedocumentsremaintainedandby whom,
finally we explain how to retrieve them.
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Figure2: Creationof VWDs

3.1 Creationof VWDs and their context

Two solutionscanbeadoptedo generatéhe VWDs. Firsttheauthorof HTML pagesaddMETA tagsinsideits pages
to indicatethatthesepagedelongto one(or seseral) VWD locatedanddescribedn a metadata.clasde in the host
sener. For exampleheuses

<META NAME="containedIn"
CONTENT="http://groseille.emse.fr/meta data.class#  dO>

This solutionis practicalfor theadministratiorof VWDs becauséf a pageis deletedor modified,no changehas
to bedonein theVWDs. If authorareencouragedo put META keywords,descriptionsubjectinsidethe pagesthen
it will helpto apply clusteringalgorithmto automaticallybuild the hierarchieof VWDs.

A seconctonsistdn creatingonly the VWDs andusingtherelationcontaingo includethe setof pagesnsidethe
VWD.

<DOCUMENT>
<DC:Relation>
<type="contains">
"http://lwww.emse.fr/"brodhag/projelev/RE SOURCES/index.html"
</type>
</DC:Relation>
</DOCUMENT>

This secondsolutionenablea librarianor anexpertin a particulardomainto build the VWDs without the help of
the authorsof pages.This approactencourages betterclassificationof pagesusingad-hocthesaurior well-known
classificatiorschemesThe variouscontets of VWDs canbe storedoutsidethe hostsener of pagesfor examplein
dedicatedseners,andwill have to be maintainedegularly by librarians.

Thecontets of VWDs areeitherstoredn ametadata.cladie accessibl¢hroughHTTP attherootlevel of WWW
sites(seeALIWEB) or insidea specificdomainsite.

3.2 Indexing VWDs

In the following, we areinterestedn theindexing of the VWDs. The VWDs arerepresentedy their context, their
contentwhichis the contentof the setof pageghey arebuilt of, andtheir relationswith otherVWDs.

In the indexing phasewe keepin the index thewhole context andcontentof VWDs, whereasonly the structure
links will beindexed.

In orderto optimizethe index traversaltime, we choseto propagatehe dynamicattributesalongthe DAG of
VWDs, i.e building theindex apriori. Eachcontet is a structurednformationstoredin a databaseandthecontentof
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aVWD is storedapartof, to procesgheregularexpressiorsearchfor exampleby usingtheinverted-filetechnique).
As the contentof a sub-documenis a partof the contentof a higherlevel documentwe cannoticethatthis content
couldbe duplicatedn eachlevel of the hierarchyof the VWDs; in our solutionwe avoid this duplicationby keeping
the informationrelationin the index. The resultingcontentindex associatedvith the root level will be the content
agreyationof all of its components.

3.3 Querying VWDs

Thequeryprocesss basedn the hierarchyof contexts andthe propagatiorof the valueof dynamicattributesfor the
structuredpartof information,combinedwith a textual search.The setof attributeswhich form togetherthe context
of aVWD arecateorizedinto 2 types, asFourel[8] hasdefined:

Definition 10 A staticattributeis localto a node thevalueassociatedvith cannotbepropagatedalongthehierarchy
of VWDs.

Definition 11 A dynamicattributeis ascendindf its valueis propagatedup to the hierarchy, andit is descendingf
its valueis propagateddownto the hierarchy.

Let usconsidetthefollowing queries
Q1= ervironment
Q2 = waterpollution
Q3= watertreatment- ervironment+ pollution

In thequerieR2andQ3,thecontet ervironments explicitly specifiedn theuserrequestTheusualtoolswould
producethefollowing answers
Theanswerto queryQ1 containgmary correctmatchesbut they arelostin alot of noise.AltaVistagivesbacksome6
000000responsematchingtheword ervironment containingpagesiealingwith computersandecology If theuser
tries to refine his inquery (query Q2), pagescontainingonly water pollution and not environmentare not retrieved.
We have silencebecausehe contet ervironmenimaybeimplied in somerelevantpages.Q3involvessilencefor the
samereasoras Q2, wherea€Q3 without ervironmentinducesnoise,becauseavater treatmentoccurswithin boththe
medicineandthe ervironmentdomains.

Our systemsupportghe boolean(OR, AND, NOT) requestandthe regular expressionover structuredields and
text. Q1lis translatednto "subject:enironment”, Q2 = "subject:watepollution”, Q3 = "subject:(erironmentAND
pollution) AND (text:watertreatmentOR subject:watetreatment)”.In contrastjf metadatas addedto documents,
theuserrecevesthefollowingresults. Q1 returnsherootdocumentsiescribedy the“environment”subjectjnstead
of thewhole pagescontaining’environment”. Becausé€)2 is moredetailed theresultsis a setof documentspeaking
of “water pollution” in theervironmentor enterprisecontext.

Q3returnsthe mostspecificpagecontaining‘treatmentof water” in therecursve pollution andenvironmentcontext.
LookingatFig. 3, anotheinterestinguestioris Q4= subject:(ealAND air). Asthesubjectis bothdynamicascending
anddescendingtheresultwill bethe moregeneralVWD pollution, containingsubdocumentdealingboth with air
andwater

3.4 Experiments

We testedour searchalgorithmin several senersin the EcoledesMinesde Saint-EtienneFor example,the erviron-
mentalsite

http://www.agora21.org

containsmore than one thousandof pagesorganizedalong a hierarchyof VWDs which can be labeledwith the
GEMET thesaurusThethesaurusnanagehe multilinguism,associatinggachindex termwith its equivalentin other
languagesThe hierarchyof documentgonsistf sixty nodeswith adepthof four levels. The mainlevel reflectsthe
contentof theinformation,with theenterpriseagend&1, Rio principles,associatesustainableevelopmenthemes.
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Figure3: Hierarchyof VWDs with contexts

Thewhole pageshave beenindexed usinganinvertedfile, the structureddatareflectingthe context of the VWDs
areaccessiblérom aJavaapplication.Thetreestructureof the VWDs andthepropagatioralgorithmareimplemented
in Java. Toolsto help usersto createthe VWDs with contets andto generatehe relationshave beenimplemented
with the graphicalSwing Java library. The Fig. 4 shaws a userinterfacewith the combinedqueryof structuredand
textual information,presentingheresultsagainsthe querywithin a hierarchyof contexts.

We cannow suggeshow theuseof metadatassociateavith documentganbe helpfulin a cooperatie architec-
tureof searchools.

4 The model of specializedand generalizedrobots

4.1 Definitions

* universalrobots: Universalrobotscurrentlyexist onthe WWW (eg. Alta Vista, Lycos),however we propose
introducinga new elemento universalrobotsto enhanceheir effectiveness Althoughthey will continuetheir
well-known functionof indexing whole pagesf the WWW, they will alsocollectandindex metadatan docu-
ments basednthe additionof a new collectionfiles (metadata.classyhich containscontets of documents.

We definetwo furtherkindsof robots: robotsfor generaburposeoolsandrobotsfor specializedools.

* generalists They arecravling the WWW to meige the metadatawith their indicesratherthanindexing the
whole URLs subtreeof a WWW site. They have two functions:

— first, they arecollectingthe metadataf whole siteson the WWW. They have a globalview of the WWW
andthey index summarie®f WWW documents,

— secondthey managenacquaintancdatabasef servicedaddressetly othersgeneralistandspecialists)
in orderto routethe queriesowardstheright services.

* gpecialists:. They have competenciesn a particulardomain. They usethe metadatao decideif they are
interestedr notin exploring subtreesndindexing pages They have agoodalgorithmfor indexing information
andarerequestedo provide final preciseandconsistentnformation.
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de graves problEmes d'hygiEne de 'environnement tant dans les pays en_
dEveloppement que dans les pays dEveloppEs. Les programmes d'activite
prEvus dans le cadre d'Action 21 doivent traiter des besoins sanitaires de =

Figure4: Userinterfacefor queryingVWDs andWWW pagesn anervironmentalsite

4.2 Architecture
4.2.1 Principles

Ourarchitecturés basedn highinteractionsdetweertheentitieswhichareparticipatingto themodel. Eachspecialist
hascompetencieaboutits knowledgedomainandcanberequestedby otherspecialistor generalistslt candescribe
itself thanksto metadataandgive its own descriptionto be indexed by searchtools. Fig. 5 shawvs the designof the
overall framevork of generalist@ndspecialistshatcooperateisingthe metadatapecifiedn thelastsection.In this
sectionwe detailthe functionof therobots the serviceghey deliver andthe protocolsused.

Thefirst layeris the WWW including pagesandentry pointsto build VWDs. The secondayerrepresent¥Y WDs
themselesandtheir relationsdescribedvith metadata.clasfiles storedwithin sites. The next layer representshe
DAGs of VWDs collectedby serviceswvhich areuniverseltools, generalistor specialistdools. An administratorof
VWDs canregistera specialistor a generalisin orderto be indexed by themor to updatetheir knowledgedatabase.
Thenext layeris thearchitectureof cooperatingoolswhich exchangeandfilter the metadatahey collectedfrom the
WWW sites. The lastlayer is the queryprocessoto one of the tools participatingto the cooperatre architecture.
Threeentitiescanoutlined,asthey have well-definedfunctionsandasthey surrendeservices.

Definition 12 A serviceis representedby Service(URL protocol, Sheme)wheee the URL is the HTTP accessto
the service protocolenablesa standadizationof exchangesand Sthemespecifiesn which formatthe useror other
servicexanaccesdo themetadata.

4.2.2 WWWsitesprovidingmetadata

A WWW site storesa setof WWW pageslf metadatas embeddedvithin anexisting hierarchyof documentshena
sitemayprovide:

21stAnnualColloquiumon IR Research1999 8



Virtual WWW Documents:a Conceptto Explicit the Structure of WWW Sites

Request User
Interface
speualls Metadata exchange spemalist
Architecture of
ene
Generalists routing Ea%
Specialists Index e
Index
=
o gass <XML> Index
<refersz,

DAG of chil(y ceoman  child i [_child
VWDs Y~

<Title> l\lﬂ)?;cb Title>

A HRT A HREF} child A HRER

<[Title> [Title> \<ITnIe

contain

describe =
WwWw

site 2 site 3

Figure5: Architectureof thesystem

¢ oneor severalorganization®f pagesandVWDs
e ametadata.cladfle describingpagesandVWDs

¢ oneschemandontologyof thesemetadatahatspecify:

— A metadatdormat(for instanceSOIF[5], RDF [4], MCF [2])
— OneclassificatiorschemgDDC, CDU)
— Thenumberof pager volumeof thesite

— Thesaurusr taxonomyif used
¢ afingerprintof otherservicesvhich have alreadyindexedit.

e astandardobot.txtfile

Whena robotscansa site which containsmetadatait canusethe metadatao decidewhetherto index the URLs
onthissiteor not. It canalsousethis metadatansteadof the documentshemselesfor building its indices,thusre-
ducingthe networkload. In this casejt is possibleto improve answerdo generafueriesthosethatgive thousandef
answers) if aquerygenerate@0000URLslocatedon 100sites,it is probablybetterto returnthemetadatassociated
with thesel00sitesratherthana (poorly) orderedist of 10000URLs. Suchnon-specifiqqueriesshouldbeaddressed
to generaburposesearchools.

Reciprocallywell-definedqueriesshouldbe addressetb specializedsearchtools.
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Figure6: Implementatiorof specialists/generalists

4.3 Interactions betweenentities

4.3.1 Specialists

A specialistis createdwhenneededand providesan identificationand descriptionof its interestdomain(like ervi-
ronment).It registersgeneralistor specialistsharingthe samedomain,“push” informationabouthimself. Its main
functionconsistdn gatheringandindexing informationconcerningts domain.

¢ collectingpagest+ metadataaccordingto somecriteria (for instanceVWDs belongingto an organizationor a
domain),

¢ indexing HTML pages+ metadataccordingo somecriteria,

¢ storingindicesandmetadata,

e routingrequestso othersspecialistor generalists

¢ administratinglatabase@updatingdata,deletinginvalid data. .) ,

¢ publishingits own schemeandontology, from a collectionof variousontologiesandmetadata.

¢ keepinganacquaintancdatabasef othertools,andaconfiguringdfile.

4.3.2 Geneanlists

¢ collectingontologiesandmetadatdrom oneor severalsspecialistavith keepingreferenceso the specialists
o directly collectingthe metadatdrom the dataWWW sites

¢ routing the refinedqueriesto the adequatespecialistor providing summarizedesponse$o generaluserre-
quests,

o adopta political decisionto collectall the metadatan theinternetor not.
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Q = treatment water + pollution + enviromment

Figure7: Routingrequest

4.4 Routing request

Supposave have two specialistsS1 and S2 dealingrespectirely with ervironmentand pollution. Considemow the
W1 sitewhichfills S1andS2in ervironmentaldata,with metadatandpagesG knows S1andits knowledgedomain,
whereasS1knows S2whichis morespecificthanitself.

1 Theuserasksageneralis3. Q3is translatedo subject= ervironment,keywords= treatment+ watet
2 Thegeneralistinds onespecialisin the ervironmentarea.He contactsS1andtransmitstherequest.
3 SlknowsanotherspecialistS2,whoseareais specificto “pollution of water”. He transmitsQ3to S2.

4 Slgivestheuseracollectionof documentandpageseretrievesfrom hislocal databasandshavsthecontet
of hisresponsewith the descriptiorof S2included.

5 S2givesthehierarchicakreeof conceptgo theuser
6 TheuserrequesS2for moredetailedinformation.

7 S2searchesis databasandgivesresultsto theuser

5 Relatedwork

Today the WWW well-known searchtools may be classifiednto two catejories:

the universalsearchtools andthe thematicdirectories.In this section,we studythesetwo typesof searchtools and
we focusparticularlyon the classificatiorof WWW sites,revealinghow the context andthe scalabilityproblemsare
dealtwith currentresearch.

5.1 Universal search tools

Thesesearchools areuniversalin the sensdhatthey try to index the whole WWW. As the WWW grows, universal
toolsbecomemorenumeroustesultingin overloadnetworkbandwidthsanddifficultiesto bringthe centralizedndex
upto date.They cometo beinadequatén finding relevantinformationall over the WWW. Main weaknessesre:

* toomary irrelevantresponses,
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* noorganizationn theresponseteadto difficult wayto exploit them. AltaVistagivesback3 000000responses
to the “ernvironment”requestwithout explicit ordes

* |lossof contet aroundtheresponses,

* noaccesso the non-textual documentgimages soundsyideo)which arenot easilyindexed.

5.2 Classification

Organizatiorof informationis necessarfjor efficientinformationretrieval. Referringto the classifyingmethodscom-
ing from libraries,it is fundamentato classifydocumentsn orderto retrieve them. Classificatiorof datahasbeenthe
mostusefulmethodfor organizinginformationin domainslike library science[7 andtaxonomy[13. Standardized
classificatiorschemegmegedearlyin the 19thcentury for examplethe well-known DDC (DecimalDewey Classi-
fication). This methodis calledsyntheticaindexing, theaimis to put oncein the shehesthebookattachedo anode
of the globaluniversalknowledgehierarchy Anothermethod calledanalyticalindexing consistan associatingerms
stemmingfrom a specializedhesauruso eachdocument.By associatinghesetwo methodswe candescribeboth
generabindspecificinformationandwe canprovide indicesto retrieve themmoreaccurately

5.2.1 Thematicservers

We describenow the other cateyory of available WWW searchtools. As an example, Yahooprovidesuserswith
themeango browsea hierarchyof thematicdirectories.A provider canregisterby filling aform to describsits site,
indicatingin whichtopichewisheshis senerto appeaandatwhich particularievel in thehierarchicatreeof subjects.
The adwantagef this processs to enableexploratoryresearchandbettercontrolin indexing (reducingthe noise).
Theproblemsencounteredby this approactare:

* manualindexing,
* only apartof WWW is indexed, sothereis lot of silencein theanswers,

* manualclassificatiorof the concept&ndmanualclassificatiorof the universalinformationrequiresa high cost
for maintenancandupdating,

* no content-tat indexing of pages.

If welook closerto thematicseners,we canseethatsomeclassificatiormethodhasbeenusedto index the sites.
Startingfrom a treeof conceptsstaticallydefined,eachsiteis describedy keywordsthathave beenchoserby their
author andhasareferencen the hierarchyof terms.Having Yahoo!asanexample,we caneitherfollow theordered
list of themesor askfor termsto retrieve theindexed pages.

5.2.2 Otherclassification®f WWWsites

The needof humango describedataaboutdatais necessaryo performgoodclusteringandto improve the quality
of the datadelivered. That problemhasbeendealtwith other domains,suchasdigital libraries, andinformation
retrieval(IR). The MetadataCore Workshop[1§ hasgatheredspecialistsn the scienceof informationandconcluded
to thedefinitionof a setof minimal metadatdo describethe networkecdelectronicinformation.

On the WWW ervironment,everybodyneedusing metadatdn orderto improve the descriptionof a collection
of pagesspeciallyon the WWW ernvironment,becauséhereis no meango retrieve theinternalorganization.To be
easilyindexed andretrieved,a setWWW pageseeddescription®f its contentandothercharacteristicéike author
title. .., thenarepresentationf thelatestthanksto metadata.

[13] providesa taxonomyandvirtual URLs for browsing andsearchindarge informationspacesn an Intranet.
Pan-bravser[14 supportsthe creation,presentatiorand control of metadatacreatedby users. In our model, we
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allow the designerof a site to addary metadatahat he feelsis ableto describehis documents He canchooseone
classificatiorschemen orderto disambiguatéheterms.

5.3 Scalabletools

To solve the scalability problem, systemshave beenbuilt upon the Internetbut imply defining a new architec-
ture (for example,Ingrid[9] hasdefineda new topologybeyond the WWW) or proposea new hypertextual system
(HyperWave[6]. Harest[5] suggests distributedarchitectureof index senerswith filtering mechanismso reduce
the networkbandwidthbut thereis not cooperatiorbetweerindex. HyPursuit[12 provide several co-existing hierar
chiesof clusterspuilt from anautomaticclusterizatiorof pages.

6 conclusion

To retrieve informationin computemetworks researcmeededo definestructurednetadatastandardembeddedn
the documentatiorto be usedfor organizinginformationandimproving the constructiorof generaindices.Herewe
have definedan algorithm and a propagatiormechanisito improve precisionand recall by expliciting the logical
structureof VWDs andaddingmetadatao describethem. We allow the userto expresscontetual queriesandthe
systemgivesanswersembeddedvithin differentcontexts andat differentabstractiorievels. We have a scalablear-
chitecturewhich offersthe presensearcltoolstheability to index quickly andwith bettercontrol. Our modelhasthe
following advantages

Decreaseconsumptiorof the bandwidth. Robotsare exchangingindicesand may only index summarieof
documents;

More relevantanswers.The contets attachedo the documentsre hierarchicallyorganized,nvolving better
controluponthecontentof thesener;

¢ Distributedindexing. Specializedobotsarefocusingtheinformationupononeparticulardomain;

A self-configuringsystem.Specializedandgeneralizedobotsarediscosering metadatdrom eachother

Ourfuturework aimsto implementa hierarchicclusteringalgorithmto build VWD automaticallyandto comparehe
meaningfulconceptgivenby humanwith labelsof concatenatedords.
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