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Abstract

This papershows a new conceptof a virtual WWW document(VWD), asa setof WWW pagesrepresentinga
logical informationspace,generallydealingwith oneparticulardomain. TheVWD is describedusingmetadatain
the XML syntaxandwill be accessedthrougha metadata.classfile, storedat the root level of WWW sites. We’ll
suggesthow theVWD canimprove informationretrieval on the WWW andreducethe networkloadgeneratedby
therobots.We describea prototypeimplementedin JAVA, within anapplicationin theenvironmentaldomain.The
exchangesof suchmetadatalay in a flexible architecturebasedon two kinds of robots: generalistsandspecialists
thatcollectandorganizethis metadata,in orderto localizethe resourceson theWWW. They will contribute to the
overall auto-organizinginformationprocessby exchangingtheir indices,thereforeforwardingtheir knowledgeeach
other.

Keywords: informationretrieval, WWW, search tools,metadata,cooperativearchitecture.

1 Intr oduction

Informationretrieval on the WWW hasbecomeonemajor researchproblem,partly becauseresourcesavailableon
theWWW areheterogeneous,scatteredandvolatile. Anotherreasonis thescalabilityproblemdueto thecontinuous
growth of informationvolume. The WWW is viewedasa hypertext graphwherethe nodesareHTML pagesthat
canbeaccessedthroughtheir URLs, andthelinks aretextual anchorsinsidea pagethatpoint towardsanotherURL
andthatenablethe userto jump from pageto page.HTML structuresthe displayof pages,but providesvery little
informationaboutthecontentandorganizationof pagesor collectionsof pages;it is preciselythis structuredcontent
wewant.

To helpusersto find informationon theWWW, searchtoolshave beendesigned.Most of themusethe inverted
file techniqueto build indicesandthebooleanmodelto matchtherequestwith theindicesof thedatabase.Thepages
areindexedasindependentdocumentswithoutany structure.

Besidestheproblemof noiseandsilence,therankedlist of hundredthousandsof URLsgivenasresponsesis very
difficult to exploit, becauseunlesswe downloadeachHTML page,we have no ideaof ”is this pagereally tied with
thesubjectof ourquestion?”.

In short,becausethe million piecesof information that build the WWW hypertext networkareorganizedin a
“flat” way, currentWWW searchtools arenot capableof extracting the logical structureand the context around
HTML pages.

To help to capturethestructureandthesemanticsassociatedwith eachsite,we proposeto definetheconceptof
virtual WWW documentsasabstractionsof setsof pagesatdifferentlevelsof granularity, whichcanbeorganizedinto
differenthierarchiesof clustersin thesenseof [11]. We introducemetadatathatdescribetheVWDs precisely.
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With regardsto thelimits of theWWW metadata,see[10], we experiencedtheuseof metadatawithin a community
of users,in aparticulardomain,the”sustainabledevelopment”.

We proposeto definea flexible architectureusingtheexisting andavailablesearchtoolson theWWW whichwill
enableeverybodyto participatein the improvementof documentdescriptions.This architectureis baseduponhigh
interactivity betweensearchtoolsandaprogressiveorganizationof informationontheWWW. With minimaleffort we
canusecooperationbetweenexistingisolatedelementsof theWWW, resolvingtheproblemsof serversandbandwidth
overload,scalabilityandcontext aroundinformationspaces.

In section2 we give a modelof whatwe call a Virtual WWW Document(VWD), we explain how to createand
describeVWDs with metadatain section3; thenwedescribethearchitectureof generalistsandspecialistswhichcan
takebenefitfrom theuseof metadata.Finally, we review relatedwork andoffer conclusions.

2 The Virtual WWW Document(VWD) model

We startwith thefollowing remark:
In the“printer” world, it is easyto capturetheoutlineof a book,by readingthe tableof contentsof thebook,or its
summary. On theWWW, thelogicalstructureof pagesis notexplicit, evenif theauthorof pageshasa structuredand
hierarchicalview of his information.To find out informationwithout any ambiguity, weneedto usea searchword in
a particularcontext, (for examplewe wantto know that this setof pagesis linked to environment,with environment
meaningecologyandnot computerenvironment).

In order to extract the context andorganizationof a setof HTML pages,we proposeto definevirtual WWW
documents,wegive arepresentationof themandweusemetadatato describethem.

Themetadataarecomposedof bothpiecesof informationaboutthecontentof thedocumentandexternalto that
content.For instance,at thebooklevel theauthorname,thepublicationdateandthe title areoutsideits semantical
content.

Our systemis basedon two simultaneouslevel access: the datalevel (contentof pages)andthemetadatalevel
(setof attribute-valuepairsdescribingthecontext of pages).

2.1 Definitions

In this sectionwe definethe conceptsandrelationsmanipulatedby the system: resource,VWD, relation,context,
ontology, scheme,site.

Definition 1 A HTML pageis a WWWresource which is identifiedand accessedthrough its URL. The relation
Page(URL,title, date,text) containsthetitle, last modificationdate,text.

Definition 2 A hypertext link is representedby a relationLink(source, label, target)where source is theURL of the
resource thelink start from,label is thetext boundto thelink andtargetis theURLof thedestinationpage.

We givenow a definitionof metadata:

Definition 3 Litterally “data aboutdata”, metadatais machineunderstandableinformationaboutWWWresources
or otherthings.Metadatahasa semanticsanda structureaboutpeople,things,conceptsor ideas.

Definition 4 An ontologyis a domainspecificmetadata: ”objects, conceptsandotherentitiesthat are assumedto
exist in someareaof interestandtherelationshipsthathold amongthem”.
We defineOntology(name,ref), where nameis a Stringidentifyingtheontology, for example”thesaurusGEMET” in
theenvironmentaldomain,ref is theURL of theserviceor databaseprovidingthevocabulary andrelationsbetween
terms.

Definition 5 A schemeis a data modelusedto representthe data. To describethe information in our system,we
specifythe setof elementsof metadata,the syntaxand the semanticsof each element.Scheme(name,metadata)is
identifiedby its name,a setof elementsof metadata,for exampletheMetaDataDublin Core.
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Figure1: Severalorganizationsof thesamesetof environmentalpages

Thisschememaybestoredwithin thesite,at therootplaceor maybea referenceto aURL storedsomewhereelse.

Definition 6 A relation is representedby Relation(name,type)where nameis thenameof theN:M relationshipbe-
tweenVWDs,or VWDandHTML pages.Typeis thetypeof therelationship.

Examplesof relationsareassociation,child, contains,reference. . . . Weusetwo importantrelations:
- child is thecompositionrelationshipwith othersubdocuments;
- containsis thesetof HTML pagesbelongingrelationship.
We introducenow thenotionof context arounda pageor a document: Eachpageor documentbelongsto a context.
Let’s go back to the library example,andconsidera pageof a book. This pagebelongsto a section,this section
belongsto a chapterwhich belongsto the book itself. Eachlevel of organizationof the bookgivesa context, from
the highestlevel (the root is the book) to the next level in the hierarchyup to the pagelevel. Thesecontexts may
inherit from their fathercontext, dependingif theattributesaredynamicdescending(canbepropagateddown to the
hierarchy).Sowe suggestto makeexplicit thesecontexts within theWWW documents,by giving someinformation
aboutpagesor setof pagescontainedwithin a document.TheFig. 1 shows how theWWW pagescanbeorganized
into clusterscalledVWDs, onepagecanbelongto differentdocuments,thereforeboundedto differentcontexts.

Definition 7 A context is representedby a tupleContext(name,Ontology, Scheme,
�
Field � ), where nameis a string

uniquelyidentifyingthecontext, a setof 4-tupleField(attribute,qualifier, value,type)where :

- attributeis thenameof thefield;
- qualifier bringsin more precisionto thefield;
- valueis a setof keywordsbelongingto anOntologyor not;
- thetypeof value � � String,Int, Float, Boolean,Date� .

Definition 8 Let usgivea definitionof a VWD:
a collectionof pagesclusteredaccording to somecriteria, for instancepagesdealingwith thesamesubjectlike envi-
ronment,representinga semanticinformationunit which canbegivenasa responseto a user’s request.
A VWDis representedby VWD(URL,Context, [Relation]) where :

- URL is theidentifierof thepageor servicedescribingtheVWD;
- Context is themetadatalinkedto theVWD;
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- Relationis a typedlink betweenVWDs,for examplethe link child enablesto definea DirectedAcyclicGraph
(DAG) of VWDs.

Eachpagecanbelongto oneor severaldocuments.A documentitself canbea componentof otherdocuments.

Definition 9 A WWWsiteis characterizedbySite(domain,
�
resource � ,[ � VWD � ], [metadata.class]) where :

- domainis thedomainnameof theserverhostingtheWWWresources(for examplewww.w3c.org);
- resource is anydataavailableona WWWsitethrougha URL;
- VWDis a collectionof WWWpagesor resourceswhich canbeexplicitedandorganizedinto a DAGofdocuments;
- metadata.classfile is thecontext of theVWDsavailableon a WWWsite,andstoredat theroot level of thesite,

accessiblethrougha URL.

Thelasttwo componentsof this relationareoptional,weseelaterhow they canbegeneratedandmaintained.

2.2 Describinga VWD with metadata

Thissemanticsandstructuremaybedifferent,accordingto thecreatorof metadata,andit wouldbenaiveto consider
that only onestandardizedmetadatawill be usedby every one. The recommendationsgiven by PICS[3], RDF[4],
includinga meta-metadatato definethe typeof descriptionsusedwill beadopted,in conjunctionwith thesemantics
chosenby OCLC/NCSAWorkshop[16].

In the following, we give an exampleof our metadata.Our model requiresthe exchangeof indicesbetween
differententities,in anextensibleandflexible way. XML is a documentdescriptionlanguage[1], which enablesthe
representationof structureddocument,andwhich is flexible andsimplefor theauthorsto use. Moreover, it will be
translatedby thenext versionsof “browsers”from NetscapeandMicrosoft.

Soweopt for a XML syntaxandwe includethesemanticsof MetadataDublin Core.

<?xml version= "1 .0" ?>
<?xml:nam es pac e ns="http:/ /g ros ei ll e.e mse.f r/ DC" Prefix=" DC"?>
<!DOCTYPE DOCUMENT"http://w ww.emse .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 ec t>
<DC:Relati on>

<type="chi ld ">
"http://ww w. emse. fr /˜b ro dhag/ pr oje le v/R ESOURCES"

</type>
</DC:Relat io n>

</DOCUMENT>

3 Creating,indexing and querying the VWDs

In this section,we introducetheproblemof creatingtheVWDs, how thesedocumentsaremaintainedandby whom,
finally weexplain how to retrievethem.
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Figure2: Creationof VWDs

3.1 Creationof VWDs and their context

Two solutionscanbeadoptedto generatetheVWDs. First theauthorof HTML pagesaddMETA tagsinsideits pages
to indicatethat thesepagesbelongto one(or several)VWD locatedanddescribedin a metadata.classfile in thehost
server. For exampleheuses

<META NAME="containedIn"
CONTENT="http://groseille.emse.fr/meta data.class# d0>

This solutionis practicalfor theadministrationof VWDs becauseif a pageis deletedor modified,no changehas
to bedonein theVWDs. If authorareencouragedto put META keywords,description,subjectinsidethepages,then
it will helpto applyclusteringalgorithmto automaticallybuild thehierarchiesof VWDs.

A secondconsistsin creatingonly theVWDs andusingtherelationcontainsto includethesetof pagesinsidethe
VWD.

<DOCUMENT>
<DC:Relation>

<type="contains">
"http://www.emse.fr/˜brodhag/projelev/RE SOURCES/index.html"
</type>

</DC:Relation>
</DOCUMENT>

This secondsolutionenablea librarianor anexpert in a particulardomainto build theVWDs without thehelpof
theauthorsof pages.This approachencouragesa betterclassificationof pagesusingad-hocthesaurior well-known
classificationschemes.Thevariouscontexts of VWDs canbestoredoutsidethehostserver of pages,for examplein
dedicatedservers,andwill have to bemaintainedregularlyby librarians.

Thecontextsof VWDs areeitherstoredin ametadata.classfile accessiblethroughHTTPattherootlevel of WWW
sites(seeALIWEB) or insidea specificdomainsite.

3.2 Indexing VWDs

In the following, we areinterestedin the indexing of theVWDs. TheVWDs arerepresentedby their context, their
contentwhichis thecontentof thesetof pagesthey arebuilt of, andtheir relationswith otherVWDs.

In the indexing phase,we keepin the index thewholecontext andcontentof VWDs, whereasonly thestructure
links will beindexed.

In order to optimizethe index traversaltime, we choseto propagatethe dynamicattributesalongthe DAG of
VWDs, i.e building theindex apriori. Eachcontext is astructuredinformationstoredin adatabase,andthecontentof
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a VWD is storedapartof, to processtheregularexpressionsearch(for exampleby usingtheinverted-filetechnique).
As thecontentof a sub-documentis a partof thecontentof a higher-level document,we cannoticethat this content
couldbeduplicatedin eachlevel of thehierarchyof theVWDs; in our solutionweavoid this duplicationby keeping
the informationrelationin the index. The resultingcontentindex associatedwith the root level will be the content
agregationof all of its components.

3.3 Querying VWDs

Thequeryprocessis basedon thehierarchyof contextsandthepropagationof thevalueof dynamicattributesfor the
structuredpartof information,combinedwith a textual search.Thesetof attributeswhich form togetherthecontext
of a VWD arecategorizedinto 2 types, asFourel[8] hasdefined:

Definition 10 A staticattributeis local to a node,thevalueassociatedwith cannotbepropagatedalongthehierarchy
of VWDs.

Definition 11 A dynamicattributeis ascendingif its valueis propagatedup to thehierarchy, andit is descendingif
its valueis propagateddownto thehierarchy.

Let usconsiderthefollowing queries:
Q1= environment
Q2= waterpollution
Q3= watertreatment+ environment+ pollution

In thequeriesQ2andQ3,thecontext environmentis explicitly specifiedin theuserrequest.Theusualtoolswould
producethefollowing answers:
Theanswerto queryQ1containsmany correctmatches,but they arelost in a lot of noise.AltaVistagivesbacksome6
000000responsesmatchingthewordenvironment, containingpagesdealingwith computersandecology. If theuser
tries to refinehis inquery(queryQ2), pagescontainingonly water pollution andnot environmentarenot retrieved.
We have silencebecausethecontext environmentmaybeimplied in somerelevantpages.Q3 involvessilencefor the
samereasonasQ2, whereasQ3 without environmentinducesnoise,becausewater treatmentoccurswithin both the
medicineandtheenvironmentdomains.

Our systemsupportstheboolean(OR, AND, NOT) requestandtheregularexpressionover structuredfieldsand
text. Q1 is translatedinto ”subject:environment”,Q2 = ”subject:waterpollution”, Q3 = ”subject:(environmentAND
pollution) AND (text:watertreatmentOR subject:watertreatment)”.In contrast,if metadatais addedto documents,
theuserreceivesthefollowingresults: Q1returnstherootdocumentsdescribedby the“environment”subject,instead
of thewholepagescontaining”environment”.BecauseQ2is moredetailed,theresultsis asetof documentsspeaking
of “waterpollution” in theenvironmentor enterprisecontext.
Q3returnsthemostspecificpagecontaining“treatmentof water” in therecursive pollutionandenvironmentcontext.
LookingatFig.3,anotherinterestingquestionis Q4= subject:(eauAND air). As thesubjectisbothdynamicascending
anddescending,theresultwill bethe moregeneralVWD pollution, containingsubdocumentsdealingboth with air
andwater.

3.4 Experiments

We testedoursearchalgorithmin severalserversin theEcoledesMinesdeSaint-Etienne.For example,theenviron-
mentalsite

http://www.agora21.org

containsmore than one thousandof pagesorganizedalong a hierarchyof VWDs which can be labeledwith the
GEMET thesaurus.Thethesaurusmanagethemultilinguism,associatingeachindex termwith its equivalentin other
languages.Thehierarchyof documentsconsistsof sixty nodeswith adepthof four levels.Themainlevel reflectsthe
contentof theinformation,with theenterprise,agenda21,Rio principles,associates,sustainabledevelopmentthemes.
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Figure3: Hierarchyof VWDs with contexts

Thewholepageshave beenindexedusinganinvertedfile, thestructureddatareflectingthecontext of theVWDs
areaccessiblefromaJavaapplication.Thetreestructureof theVWDs andthepropagationalgorithmareimplemented
in Java. Tools to help usersto createtheVWDs with contexts andto generatetherelationshave beenimplemented
with the graphicalSwingJava library. TheFig. 4 shows a userinterfacewith thecombinedqueryof structuredand
textual information,presentingtheresultsagainstthequerywithin a hierarchyof contexts.

We cannow suggesthow theuseof metadataassociatedwith documentscanbehelpful in a cooperative architec-
tureof searchtools.

4 The modelof specializedand generalizedrobots

4.1 Definitions

* universalrobots: Universalrobotscurrentlyexist on theWWW (eg. Alta Vista,Lycos),however we propose
introducinga new elementto universalrobotsto enhancetheir effectiveness.Althoughthey will continuetheir
well-known functionof indexing wholepagesof theWWW, they will alsocollectandindex metadataondocu-
ments,basedontheadditionof a new collectionfiles (metadata.class)whichcontainscontexts of documents.

We definetwo furtherkindsof robots: robotsfor generalpurposetoolsandrobotsfor specializedtools.

* generalists: They arecrawling the WWW to merge the metadatawith their indicesratherthan indexing the
wholeURLssubtreeof a WWW site.They have two functions:

– first, they arecollectingthemetadataof wholesiteson theWWW. They have a globalview of theWWW
andthey index summariesof WWW documents,

– second,they manageanacquaintancedatabaseof services(addressedby othersgeneralistsandspecialists)
in orderto routethequeriestowardstheright services.

* specialists: They have competenciesin a particulardomain. They usethe metadatato decideif they are
interestedor not in exploringsubtreesandindexing pages.They haveagoodalgorithmfor indexing information
andarerequestedto providefinal preciseandconsistentinformation.
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Figure4: UserInterfacefor queryingVWDs andWWW pagesin anenvironmentalsite

4.2 Ar chitecture

4.2.1 Principles

Ourarchitectureis basedonhighinteractionsbetweentheentitieswhichareparticipatingto themodel.Eachspecialist
hascompetenciesaboutits knowledgedomainandcanberequestedby otherspecialistsor generalists.It candescribe
itself thanksto metadataandgive its own descriptionto be indexedby searchtools. Fig. 5 shows thedesignof the
overall framework of generalistsandspecialiststhatcooperateusingthemetadataspecifiedin thelastsection.In this
section,wedetailthefunctionof therobots,theservicesthey deliverandtheprotocolsused.

Thefirst layeris theWWW includingpagesandentrypointsto build VWDs. ThesecondlayerrepresentsVWDs
themselvesandtheir relationsdescribedwith metadata.classfiles storedwithin sites. The next layer representsthe
DAGsof VWDs collectedby serviceswhich areuniverseltools,generalistsor specialiststools. An administratorof
VWDs canregistera specialistor a generalistin orderto beindexedby themor to updatetheir knowledgedatabase.
Thenext layeris thearchitectureof cooperatingtoolswhichexchangeandfilter themetadatathey collectedfrom the
WWW sites. The last layer is the queryprocessorto oneof the tools participatingto the cooperative architecture.
Threeentitiescanoutlined,asthey have well-definedfunctionsandasthey surrenderservices.

Definition 12 A serviceis representedby Service(URL,protocol, Scheme)where the URL is the HTTP accessto
theservice,protocolenablesa standardizationof exchangesandSchemespecifiesin which format theuseror other
servicescanaccessto themetadata.

4.2.2 WWWsitesprovidingmetadata

A WWW sitestoresa setof WWW pages.If metadatais embeddedwithin anexisting hierarchyof documentsthena
sitemayprovide:
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Figure5: Architectureof thesystem

� oneor severalorganizationsof pagesandVWDs

� a metadata.classfile describingpagesandVWDs

� oneschemaandontologyof thesemetadatathatspecify:

– A metadataformat(for instanceSOIF[5], RDF[4], MCF [2])

– Oneclassificationscheme(DDC, CDU)

– Thenumberof pagesor volumeof thesite

– Thesaurusor taxonomyif used

� a fingerprintof otherserviceswhichhave alreadyindexedit.

� a standardrobot.txtfile

Whena robotscansa sitewhich containsmetadata,it canusethemetadatato decidewhetherto index theURLs
on this siteor not. It canalsousethis metadatainsteadof thedocumentsthemselvesfor building its indices,thusre-
ducingthenetworkload.In thiscase,it is possibleto improveanswersto generalqueries(thosethatgive thousandsof
answers): if aquerygenerates10000URLslocatedon100sites,it is probablybetterto returnthemetadataassociated
with these100sitesratherthana(poorly)orderedlist of 10000URLs. Suchnon-specificqueriesshouldbeaddressed
to generalpurposesearchtools.
Reciprocally, well-definedqueriesshouldbeaddressedto specializedsearchtools.
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Figure6: Implementationof specialists/generalists

4.3 Interactions betweenentities

4.3.1 Specialists

A specialistis createdwhenneededandprovidesan identificationanddescriptionof its interestdomain(like envi-
ronment).It registersgeneralistsor specialistssharingthesamedomain,“push” informationabouthimself. Its main
functionconsistsin gatheringandindexing informationconcerningits domain.

� collectingpages+ metadataaccordingto somecriteria (for instanceVWDs belongingto anorganizationor a
domain),

� indexing HTML pages+ metadataaccordingto somecriteria,

� storingindicesandmetadata,

� routingrequeststo othersspecialistsor generalists,

� administratingdatabases(updatingdata,deletinginvalid data.. . ) ,

� publishingits own schemeandontology, from a collectionof variousontologiesandmetadata.

� keepinganacquaintancedatabaseof othertools,andaconfiguringfile.

4.3.2 Generalists

� collectingontologiesandmetadatafrom oneor severalsspecialistswith keepingreferencesto thespecialists

� directlycollectingthemetadatafrom thedataWWW sites

� routing the refinedqueriesto the adequatespecialistsor providing summarizedresponsesto generaluserre-
quests,

� adopta political decisionto collectall themetadataon theinternetor not.
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Figure7: Routingrequest

4.4 Routing request

Supposewe have two specialistsS1 andS2 dealingrespectively with environmentandpollution. Considernow the
W1 sitewhichfills S1andS2in environmentaldata,with metadataandpages.G knowsS1andits knowledgedomain,
whereasS1knowsS2whichis morespecificthanitself.

1 Theuserasksa generalistQ3. Q3 is translatedto subject= environment,keywords � treatment� water.

2 Thegeneralistfindsonespecialistin theenvironmentarea.HecontactsS1andtransmitstherequest.

3 S1knowsanotherspecialist,S2,whoseareais specificto “pollution of water”.He transmitsQ3 to S2.

4 S1givestheuseracollectionof documentsandpagesheretrievesfrom his localdatabaseandshowsthecontext
of his responseswith thedescriptionof S2included.

5 S2givesthehierarchicaltreeof conceptsto theuser.

6 TheuserrequestS2for moredetailedinformation.

7 S2searcheshisdatabaseandgivesresultsto theuser.

5 Relatedwork

Today, theWWW well-knownsearchtoolsmaybeclassifiedinto two categories:
theuniversalsearchtoolsandthe thematicdirectories.In this section,we studythesetwo typesof searchtoolsand
we focusparticularlyon theclassificationof WWW sites,revealinghow thecontext andthescalabilityproblemsare
dealtwith currentresearch.

5.1 Universal search tools

Thesesearchtoolsareuniversalin thesensethat they try to index thewholeWWW. As theWWW grows,universal
toolsbecomemorenumerous,resultingin overloadnetworkbandwidthsanddifficultiesto bringthecentralizedindex
up to date.They cometo beinadequatein findingrelevantinformationall over theWWW. Main weaknessesare:

* toomany irrelevantresponses,
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* noorganizationin theresponsesleadto difficult wayto exploit them.AltaVistagivesback3 000000responses
to the“environment”request,withoutexplicit order,

* lossof context aroundtheresponses,

* noaccessto thenon-textualdocuments(images,sounds,video)whicharenot easilyindexed.

5.2 Classification

Organizationof informationis necessaryfor efficient informationretrieval. Referringto theclassifyingmethodscom-
ing from libraries,it is fundamentalto classifydocumentsin orderto retrievethem.Classificationof datahasbeenthe
mostusefulmethodfor organizinginformationin domainslike library science[7] andtaxonomy[15]. Standardized
classificationschemesemergedearlyin the19thcentury, for examplethewell-known DDC (DecimalDewey Classi-
fication).Thismethodis calledsyntheticalindexing, theaim is to put oncein theshelvesthebookattachedto a node
of theglobaluniversalknowledgehierarchy. Anothermethod,calledanalyticalindexing consistsonassociatingterms
stemmingfrom a specializedthesaurusto eachdocument.By associatingthesetwo methods,we candescribeboth
generalandspecificinformationandwecanprovide indicesto retrievethemmoreaccurately.

5.2.1 Thematicservers

We describenow the other category of availableWWW searchtools. As an example,Yahooprovidesuserswith
themeansto browsea hierarchyof thematicdirectories.A provider canregisterby filling a form to describeits site,
indicatingin whichtopichewisheshisserverto appearandatwhichparticularlevel in thehierarchicaltreeof subjects.
Theadvantagesof this processis to enableexploratoryresearchandbettercontrol in indexing (reducingthenoise).
Theproblemsencounteredby thisapproachare:

* manualindexing,

* only a partof WWW is indexed,sothereis lot of silencein theanswers,

* manualclassificationof theconceptsandmanualclassificationof theuniversalinformationrequiresa highcost
for maintenanceandupdating,

* nocontent-text indexing of pages.

If we look closerto thematicservers,wecanseethatsomeclassificationmethodhasbeenusedto index thesites.
Startingfrom a treeof conceptsstaticallydefined,eachsite is describedby keywordsthathave beenchosenby their
author, andhasa referencein thehierarchyof terms.Having Yahoo!asanexample,wecaneitherfollow theordered
list of themesor askfor termsto retrievetheindexedpages.

5.2.2 Otherclassificationsof WWWsites

Theneedof humansto describedataaboutdatais necessaryto performgoodclusteringandto improve the quality
of the datadelivered. That problemhasbeendealtwith other domains,suchas digital libraries,and information
retrieval(IR). TheMetadataCoreWorkshop[16] hasgatheredspecialistsin thescienceof informationandconcluded
to thedefinitionof a setof minimalmetadatato describethenetworkedelectronicinformation.

On the WWW environment,everybodyneedusingmetadatain orderto improve the descriptionof a collection
of pages,speciallyon theWWW environment,becausethereis no meansto retrieve theinternalorganization.To be
easilyindexedandretrieved,a setWWW pagesneeddescriptionsof its contentandothercharacteristicslike author,
title. . . , thena representationof thelatestthanksto metadata.

[13] providesa taxonomyandvirtual URLs for browsingandsearchinglarge informationspacesin an Intranet.
Pan-browser[14] supportsthe creation,presentationand control of metadatacreatedby users. In our model, we
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allow thedesignerof a site to addany metadatathathe feelsis ableto describehis documents.He canchooseone
classificationschemein orderto disambiguatetheterms.

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]. Harvest[5] suggestsa distributedarchitectureof index serverswith filtering mechanismsto reduce
thenetworkbandwidthbut thereis not cooperationbetweenindex. HyPursuit[12] provide severalco-existing hierar-
chiesof clusters,built from anautomaticclusterizationof pages.

6 conclusion

To retrieve informationin computernetworks,researchneededto definestructuredmetadatastandardsembeddedin
thedocumentationto beusedfor organizinginformationandimproving theconstructionof generalindices.Herewe
have definedan algorithmanda propagationmechanismto improve precisionandrecall by expliciting the logical
structureof VWDs andaddingmetadatato describethem. We allow theuserto expresscontextual queriesandthe
systemgivesanswersembeddedwithin differentcontexts andat differentabstractionlevels. We have a scalablear-
chitecturewhichoffersthepresentsearchtoolstheability to index quickly andwith bettercontrol.Ourmodelhasthe
following advantages:

� Decreaseconsumptionof the bandwidth. Robotsareexchangingindicesandmay only index summariesof
documents;

� More relevant answers.Thecontexts attachedto the documentsarehierarchicallyorganized,involving better
controluponthecontentof theserver;

� Distributedindexing. Specializedrobotsarefocusingtheinformationupononeparticulardomain;

� A self-configuringsystem.Specializedandgeneralizedrobotsarediscoveringmetadatafrom eachother.

Our futurework aimsto implementahierarchicclusteringalgorithmto build VWD automatically, andto comparethe
meaningfulconceptsgivenby humanwith labelsof concatenatedwords.
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Abstract

This papershows a new conceptof a virtual WWW document(VWD), asa setof WWW pagesrepresentinga
logical informationspace,generallydealingwith oneparticulardomain. TheVWD is describedusingmetadatain
the XML syntaxandwill be accessedthrougha metadata.classfile, storedat the root level of WWW sites. We’ll
suggesthow theVWD canimprove informationretrieval on the WWW andreducethe networkloadgeneratedby
therobots.We describea prototypeimplementedin JAVA, within anapplicationin theenvironmentaldomain.The
exchangesof suchmetadatalay in a flexible architecturebasedon two kinds of robots: generalistsandspecialists
thatcollectandorganizethis metadata,in orderto localizethe resourceson theWWW. They will contribute to the
overall auto-organizinginformationprocessby exchangingtheir indices,thereforeforwardingtheir knowledgeeach
other.

Keywords: informationretrieval, WWW, search tools,metadata,cooperativearchitecture.

1 Intr oduction

Informationretrieval on the WWW hasbecomeonemajor researchproblem,partly becauseresourcesavailableon
theWWW areheterogeneous,scatteredandvolatile. Anotherreasonis thescalabilityproblemdueto thecontinuous
growth of informationvolume. The WWW is viewedasa hypertext graphwherethe nodesareHTML pagesthat
canbeaccessedthroughtheir URLs, andthelinks aretextual anchorsinsidea pagethatpoint towardsanotherURL
andthatenablethe userto jump from pageto page.HTML structuresthe displayof pages,but providesvery little
informationaboutthecontentandorganizationof pagesor collectionsof pages;it is preciselythis structuredcontent
wewant.

To helpusersto find informationon theWWW, searchtoolshave beendesigned.Most of themusethe inverted
file techniqueto build indicesandthebooleanmodelto matchtherequestwith theindicesof thedatabase.Thepages
areindexedasindependentdocumentswithoutany structure.

Besidestheproblemof noiseandsilence,therankedlist of hundredthousandsof URLsgivenasresponsesis very
difficult to exploit, becauseunlesswe downloadeachHTML page,we have no ideaof ”is this pagereally tied with
thesubjectof ourquestion?”.

In short,becausethe million piecesof information that build the WWW hypertext networkareorganizedin a
“flat” way, currentWWW searchtools arenot capableof extracting the logical structureand the context around
HTML pages.

To help to capturethestructureandthesemanticsassociatedwith eachsite,we proposeto definetheconceptof
virtual WWW documentsasabstractionsof setsof pagesatdifferentlevelsof granularity, whichcanbeorganizedinto
differenthierarchiesof clustersin thesenseof [11]. We introducemetadatathatdescribetheVWDs precisely.

21stAnnualColloquiumon IR Research,1999 1



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

With regardsto thelimits of theWWW metadata,see[10], we experiencedtheuseof metadatawithin a community
of users,in aparticulardomain,the”sustainabledevelopment”.

We proposeto definea flexible architectureusingtheexisting andavailablesearchtoolson theWWW whichwill
enableeverybodyto participatein the improvementof documentdescriptions.This architectureis baseduponhigh
interactivity betweensearchtoolsandaprogressiveorganizationof informationontheWWW. With minimaleffort we
canusecooperationbetweenexistingisolatedelementsof theWWW, resolvingtheproblemsof serversandbandwidth
overload,scalabilityandcontext aroundinformationspaces.

In section2 we give a modelof whatwe call a Virtual WWW Document(VWD), we explain how to createand
describeVWDs with metadatain section3; thenwedescribethearchitectureof generalistsandspecialistswhichcan
takebenefitfrom theuseof metadata.Finally, we review relatedwork andoffer conclusions.

2 The Virtual WWW Document(VWD) model

We startwith thefollowing remark:
In the“printer” world, it is easyto capturetheoutlineof a book,by readingthe tableof contentsof thebook,or its
summary. On theWWW, thelogicalstructureof pagesis notexplicit, evenif theauthorof pageshasa structuredand
hierarchicalview of his information.To find out informationwithout any ambiguity, weneedto usea searchword in
a particularcontext, (for examplewe wantto know that this setof pagesis linked to environment,with environment
meaningecologyandnot computerenvironment).

In order to extract the context andorganizationof a setof HTML pages,we proposeto definevirtual WWW
documents,wegive arepresentationof themandweusemetadatato describethem.

Themetadataarecomposedof bothpiecesof informationaboutthecontentof thedocumentandexternalto that
content.For instance,at thebooklevel theauthorname,thepublicationdateandthe title areoutsideits semantical
content.

Our systemis basedon two simultaneouslevel access: the datalevel (contentof pages)andthemetadatalevel
(setof attribute-valuepairsdescribingthecontext of pages).

2.1 Definitions

In this sectionwe definethe conceptsandrelationsmanipulatedby the system: resource,VWD, relation,context,
ontology, scheme,site.

Definition 1 A HTML pageis a WWWresource which is identifiedand accessedthrough its URL. The relation
Page(URL,title, date,text) containsthetitle, last modificationdate,text.

Definition 2 A hypertext link is representedby a relationLink(source, label, target)where source is theURL of the
resource thelink start from,label is thetext boundto thelink andtargetis theURLof thedestinationpage.

We givenow a definitionof metadata:

Definition 3 Litterally “data aboutdata”, metadatais machineunderstandableinformationaboutWWWresources
or otherthings.Metadatahasa semanticsanda structureaboutpeople,things,conceptsor ideas.

Definition 4 An ontologyis a domainspecificmetadata: ”objects, conceptsandotherentitiesthat are assumedto
exist in someareaof interestandtherelationshipsthathold amongthem”.
We defineOntology(name,ref), where nameis a Stringidentifyingtheontology, for example”thesaurusGEMET” in
theenvironmentaldomain,ref is theURL of theserviceor databaseprovidingthevocabulary andrelationsbetween
terms.

Definition 5 A schemeis a data modelusedto representthe data. To describethe information in our system,we
specifythe setof elementsof metadata,the syntaxand the semanticsof each element.Scheme(name,metadata)is
identifiedby its name,a setof elementsof metadata,for exampletheMetaDataDublin Core.
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Figure1: Severalorganizationsof thesamesetof environmentalpages

Thisschememaybestoredwithin thesite,at therootplaceor maybea referenceto aURL storedsomewhereelse.

Definition 6 A relation is representedby Relation(name,type)where nameis thenameof theN:M relationshipbe-
tweenVWDs,or VWDandHTML pages.Typeis thetypeof therelationship.

Examplesof relationsareassociation,child, contains,reference. . . . Weusetwo importantrelations:
- child is thecompositionrelationshipwith othersubdocuments;
- containsis thesetof HTML pagesbelongingrelationship.
We introducenow thenotionof context arounda pageor a document: Eachpageor documentbelongsto a context.
Let’s go back to the library example,andconsidera pageof a book. This pagebelongsto a section,this section
belongsto a chapterwhich belongsto the book itself. Eachlevel of organizationof the bookgivesa context, from
the highestlevel (the root is the book) to the next level in the hierarchyup to the pagelevel. Thesecontexts may
inherit from their fathercontext, dependingif theattributesaredynamicdescending(canbepropagateddown to the
hierarchy).Sowe suggestto makeexplicit thesecontexts within theWWW documents,by giving someinformation
aboutpagesor setof pagescontainedwithin a document.TheFig. 1 shows how theWWW pagescanbeorganized
into clusterscalledVWDs, onepagecanbelongto differentdocuments,thereforeboundedto differentcontexts.

Definition 7 A context is representedby a tupleContext(name,Ontology, Scheme,� Field � ), where nameis a string
uniquelyidentifyingthecontext, a setof 4-tupleField(attribute,qualifier, value,type)where :

- attributeis thenameof thefield;
- qualifier bringsin more precisionto thefield;
- valueis a setof keywordsbelongingto anOntologyor not;
- thetypeof value �	� String,Int, Float, Boolean,Date� .

Definition 8 Let usgivea definitionof a VWD:
a collectionof pagesclusteredaccording to somecriteria, for instancepagesdealingwith thesamesubjectlike envi-
ronment,representinga semanticinformationunit which canbegivenasa responseto a user’s request.
A VWDis representedby VWD(URL,Context, [Relation]) where :

- URL is theidentifierof thepageor servicedescribingtheVWD;
- Context is themetadatalinkedto theVWD;
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- Relationis a typedlink betweenVWDs,for examplethe link child enablesto definea DirectedAcyclicGraph
(DAG) of VWDs.

Eachpagecanbelongto oneor severaldocuments.A documentitself canbea componentof otherdocuments.

Definition 9 A WWWsiteis characterizedbySite(domain,� resource � ,[ � VWD � ], [metadata.class]) where :

- domainis thedomainnameof theserverhostingtheWWWresources(for examplewww.w3c.org);
- resource is anydataavailableona WWWsitethrougha URL;
- VWDis a collectionof WWWpagesor resourceswhich canbeexplicitedandorganizedinto a DAGofdocuments;
- metadata.classfile is thecontext of theVWDsavailableon a WWWsite,andstoredat theroot level of thesite,

accessiblethrougha URL.

Thelasttwo componentsof this relationareoptional,weseelaterhow they canbegeneratedandmaintained.

2.2 Describinga VWD with metadata

Thissemanticsandstructuremaybedifferent,accordingto thecreatorof metadata,andit wouldbenaiveto consider
that only onestandardizedmetadatawill be usedby every one. The recommendationsgiven by PICS[3], RDF[4],
includinga meta-metadatato definethe typeof descriptionsusedwill beadopted,in conjunctionwith thesemantics
chosenby OCLC/NCSAWorkshop[16].

In the following, we give an exampleof our metadata.Our model requiresthe exchangeof indicesbetween
differententities,in anextensibleandflexible way. XML is a documentdescriptionlanguage[1], which enablesthe
representationof structureddocument,andwhich is flexible andsimplefor theauthorsto use. Moreover, it will be
translatedby thenext versionsof “browsers”from NetscapeandMicrosoft.

Soweopt for a XML syntaxandwe includethesemanticsof MetadataDublin Core.

<?xml version= "1 .0" ?>
<?xml:nam es pac e ns="http:/ /g ros ei ll e.e mse.f r/ DC" Prefix=" DC"?>
<!DOCTYPE DOCUMENT"http://w ww.emse .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 ec t>
<DC:Relati on>

<type="chi ld ">
"http://ww w. emse. fr /˜b ro dhag/ pr oje le v/R ESOURCES"

</type>
</DC:Relat io n>

</DOCUMENT>

3 Creating,indexing and querying the VWDs

In this section,we introducetheproblemof creatingtheVWDs, how thesedocumentsaremaintainedandby whom,
finally weexplain how to retrievethem.
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Figure2: Creationof VWDs

3.1 Creationof VWDs and their context

Two solutionscanbeadoptedto generatetheVWDs. First theauthorof HTML pagesaddMETA tagsinsideits pages
to indicatethat thesepagesbelongto one(or several)VWD locatedanddescribedin a metadata.classfile in thehost
server. For exampleheuses

<META NAME="containedIn"
CONTENT="http://groseille.emse.fr/meta data.class# d0>

This solutionis practicalfor theadministrationof VWDs becauseif a pageis deletedor modified,no changehas
to bedonein theVWDs. If authorareencouragedto put META keywords,description,subjectinsidethepages,then
it will helpto applyclusteringalgorithmto automaticallybuild thehierarchiesof VWDs.

A secondconsistsin creatingonly theVWDs andusingtherelationcontainsto includethesetof pagesinsidethe
VWD.

<DOCUMENT>
<DC:Relation>

<type="contains">
"http://www.emse.fr/˜brodhag/projelev/RE SOURCES/index.html"
</type>

</DC:Relation>
</DOCUMENT>

This secondsolutionenablea librarianor anexpert in a particulardomainto build theVWDs without thehelpof
theauthorsof pages.This approachencouragesa betterclassificationof pagesusingad-hocthesaurior well-known
classificationschemes.Thevariouscontexts of VWDs canbestoredoutsidethehostserver of pages,for examplein
dedicatedservers,andwill have to bemaintainedregularlyby librarians.

Thecontextsof VWDs areeitherstoredin ametadata.classfile accessiblethroughHTTPattherootlevel of WWW
sites(seeALIWEB) or insidea specificdomainsite.

3.2 Indexing VWDs

In the following, we areinterestedin the indexing of theVWDs. TheVWDs arerepresentedby their context, their
contentwhichis thecontentof thesetof pagesthey arebuilt of, andtheir relationswith otherVWDs.

In the indexing phase,we keepin the index thewholecontext andcontentof VWDs, whereasonly thestructure
links will beindexed.

In order to optimizethe index traversaltime, we choseto propagatethe dynamicattributesalongthe DAG of
VWDs, i.e building theindex apriori. Eachcontext is astructuredinformationstoredin adatabase,andthecontentof
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a VWD is storedapartof, to processtheregularexpressionsearch(for exampleby usingtheinverted-filetechnique).
As thecontentof a sub-documentis a partof thecontentof a higher-level document,we cannoticethat this content
couldbeduplicatedin eachlevel of thehierarchyof theVWDs; in our solutionweavoid this duplicationby keeping
the informationrelationin the index. The resultingcontentindex associatedwith the root level will be the content
agregationof all of its components.

3.3 Querying VWDs

Thequeryprocessis basedon thehierarchyof contextsandthepropagationof thevalueof dynamicattributesfor the
structuredpartof information,combinedwith a textual search.Thesetof attributeswhich form togetherthecontext
of a VWD arecategorizedinto 2 types, asFourel[8] hasdefined:

Definition 10 A staticattributeis local to a node,thevalueassociatedwith cannotbepropagatedalongthehierarchy
of VWDs.

Definition 11 A dynamicattributeis ascendingif its valueis propagatedup to thehierarchy, andit is descendingif
its valueis propagateddownto thehierarchy.

Let usconsiderthefollowing queries:
Q1= environment
Q2= waterpollution
Q3= watertreatment+ environment+ pollution

In thequeriesQ2andQ3,thecontext environmentis explicitly specifiedin theuserrequest.Theusualtoolswould
producethefollowing answers:
Theanswerto queryQ1containsmany correctmatches,but they arelost in a lot of noise.AltaVistagivesbacksome6
000000responsesmatchingthewordenvironment, containingpagesdealingwith computersandecology. If theuser
tries to refinehis inquery(queryQ2), pagescontainingonly water pollution andnot environmentarenot retrieved.
We have silencebecausethecontext environmentmaybeimplied in somerelevantpages.Q3 involvessilencefor the
samereasonasQ2, whereasQ3 without environmentinducesnoise,becausewater treatmentoccurswithin both the
medicineandtheenvironmentdomains.

Our systemsupportstheboolean(OR, AND, NOT) requestandtheregularexpressionover structuredfieldsand
text. Q1 is translatedinto ”subject:environment”,Q2 = ”subject:waterpollution”, Q3 = ”subject:(environmentAND
pollution) AND (text:watertreatmentOR subject:watertreatment)”.In contrast,if metadatais addedto documents,
theuserreceivesthefollowingresults: Q1returnstherootdocumentsdescribedby the“environment”subject,instead
of thewholepagescontaining”environment”.BecauseQ2is moredetailed,theresultsis asetof documentsspeaking
of “waterpollution” in theenvironmentor enterprisecontext.
Q3returnsthemostspecificpagecontaining“treatmentof water” in therecursive pollutionandenvironmentcontext.
LookingatFig.3,anotherinterestingquestionis Q4= subject:(eauAND air). As thesubjectisbothdynamicascending
anddescending,theresultwill bethe moregeneralVWD pollution, containingsubdocumentsdealingboth with air
andwater.

3.4 Experiments

We testedoursearchalgorithmin severalserversin theEcoledesMinesdeSaint-Etienne.For example,theenviron-
mentalsite

http://www.agora21.org

containsmore than one thousandof pagesorganizedalong a hierarchyof VWDs which can be labeledwith the
GEMET thesaurus.Thethesaurusmanagethemultilinguism,associatingeachindex termwith its equivalentin other
languages.Thehierarchyof documentsconsistsof sixty nodeswith adepthof four levels.Themainlevel reflectsthe
contentof theinformation,with theenterprise,agenda21,Rio principles,associates,sustainabledevelopmentthemes.
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Figure3: Hierarchyof VWDs with contexts

Thewholepageshave beenindexedusinganinvertedfile, thestructureddatareflectingthecontext of theVWDs
areaccessiblefromaJavaapplication.Thetreestructureof theVWDs andthepropagationalgorithmareimplemented
in Java. Tools to help usersto createtheVWDs with contexts andto generatetherelationshave beenimplemented
with the graphicalSwingJava library. TheFig. 4 shows a userinterfacewith thecombinedqueryof structuredand
textual information,presentingtheresultsagainstthequerywithin a hierarchyof contexts.

We cannow suggesthow theuseof metadataassociatedwith documentscanbehelpful in a cooperative architec-
tureof searchtools.

4 The modelof specializedand generalizedrobots

4.1 Definitions

* universalrobots: Universalrobotscurrentlyexist on theWWW (eg. Alta Vista,Lycos),however we propose
introducinga new elementto universalrobotsto enhancetheir effectiveness.Althoughthey will continuetheir
well-known functionof indexing wholepagesof theWWW, they will alsocollectandindex metadataondocu-
ments,basedontheadditionof a new collectionfiles (metadata.class)whichcontainscontexts of documents.

We definetwo furtherkindsof robots: robotsfor generalpurposetoolsandrobotsfor specializedtools.

* generalists: They arecrawling the WWW to merge the metadatawith their indicesratherthan indexing the
wholeURLssubtreeof a WWW site.They have two functions:

– first, they arecollectingthemetadataof wholesiteson theWWW. They have a globalview of theWWW
andthey index summariesof WWW documents,

– second,they manageanacquaintancedatabaseof services(addressedby othersgeneralistsandspecialists)
in orderto routethequeriestowardstheright services.

* specialists: They have competenciesin a particulardomain. They usethe metadatato decideif they are
interestedor not in exploringsubtreesandindexing pages.They haveagoodalgorithmfor indexing information
andarerequestedto providefinal preciseandconsistentinformation.
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Figure4: UserInterfacefor queryingVWDs andWWW pagesin anenvironmentalsite

4.2 Ar chitecture

4.2.1 Principles

Ourarchitectureis basedonhighinteractionsbetweentheentitieswhichareparticipatingto themodel.Eachspecialist
hascompetenciesaboutits knowledgedomainandcanberequestedby otherspecialistsor generalists.It candescribe
itself thanksto metadataandgive its own descriptionto be indexedby searchtools. Fig. 5 shows thedesignof the
overall framework of generalistsandspecialiststhatcooperateusingthemetadataspecifiedin thelastsection.In this
section,wedetailthefunctionof therobots,theservicesthey deliverandtheprotocolsused.

Thefirst layeris theWWW includingpagesandentrypointsto build VWDs. ThesecondlayerrepresentsVWDs
themselvesandtheir relationsdescribedwith metadata.classfiles storedwithin sites. The next layer representsthe
DAGsof VWDs collectedby serviceswhich areuniverseltools,generalistsor specialiststools. An administratorof
VWDs canregistera specialistor a generalistin orderto beindexedby themor to updatetheir knowledgedatabase.
Thenext layeris thearchitectureof cooperatingtoolswhichexchangeandfilter themetadatathey collectedfrom the
WWW sites. The last layer is the queryprocessorto oneof the tools participatingto the cooperative architecture.
Threeentitiescanoutlined,asthey have well-definedfunctionsandasthey surrenderservices.

Definition 12 A serviceis representedby Service(URL,protocol, Scheme)where the URL is the HTTP accessto
theservice,protocolenablesa standardizationof exchangesandSchemespecifiesin which format theuseror other
servicescanaccessto themetadata.

4.2.2 WWWsitesprovidingmetadata

A WWW sitestoresa setof WWW pages.If metadatais embeddedwithin anexisting hierarchyof documentsthena
sitemayprovide:
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Figure5: Architectureof thesystem


 oneor severalorganizationsof pagesandVWDs


 a metadata.classfile describingpagesandVWDs


 oneschemaandontologyof thesemetadatathatspecify:

– A metadataformat(for instanceSOIF[5], RDF[4], MCF [2])

– Oneclassificationscheme(DDC, CDU)

– Thenumberof pagesor volumeof thesite

– Thesaurusor taxonomyif used


 a fingerprintof otherserviceswhichhave alreadyindexedit.


 a standardrobot.txtfile

Whena robotscansa sitewhich containsmetadata,it canusethemetadatato decidewhetherto index theURLs
on this siteor not. It canalsousethis metadatainsteadof thedocumentsthemselvesfor building its indices,thusre-
ducingthenetworkload.In thiscase,it is possibleto improveanswersto generalqueries(thosethatgive thousandsof
answers): if aquerygenerates10000URLslocatedon100sites,it is probablybetterto returnthemetadataassociated
with these100sitesratherthana(poorly)orderedlist of 10000URLs. Suchnon-specificqueriesshouldbeaddressed
to generalpurposesearchtools.
Reciprocally, well-definedqueriesshouldbeaddressedto specializedsearchtools.
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Figure6: Implementationof specialists/generalists

4.3 Interactions betweenentities

4.3.1 Specialists

A specialistis createdwhenneededandprovidesan identificationanddescriptionof its interestdomain(like envi-
ronment).It registersgeneralistsor specialistssharingthesamedomain,“push” informationabouthimself. Its main
functionconsistsin gatheringandindexing informationconcerningits domain.


 collectingpages+ metadataaccordingto somecriteria (for instanceVWDs belongingto anorganizationor a
domain),


 indexing HTML pages+ metadataaccordingto somecriteria,


 storingindicesandmetadata,


 routingrequeststo othersspecialistsor generalists,


 administratingdatabases(updatingdata,deletinginvalid data.. . ) ,


 publishingits own schemeandontology, from a collectionof variousontologiesandmetadata.


 keepinganacquaintancedatabaseof othertools,andaconfiguringfile.

4.3.2 Generalists


 collectingontologiesandmetadatafrom oneor severalsspecialistswith keepingreferencesto thespecialists


 directlycollectingthemetadatafrom thedataWWW sites


 routing the refinedqueriesto the adequatespecialistsor providing summarizedresponsesto generaluserre-
quests,


 adopta political decisionto collectall themetadataon theinternetor not.
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Figure7: Routingrequest

4.4 Routing request

Supposewe have two specialistsS1 andS2 dealingrespectively with environmentandpollution. Considernow the
W1 sitewhichfills S1andS2in environmentaldata,with metadataandpages.G knowsS1andits knowledgedomain,
whereasS1knowsS2whichis morespecificthanitself.

1 Theuserasksa generalistQ3. Q3 is translatedto subject= environment,keywords � treatment� water.

2 Thegeneralistfindsonespecialistin theenvironmentarea.HecontactsS1andtransmitstherequest.

3 S1knowsanotherspecialist,S2,whoseareais specificto “pollution of water”.He transmitsQ3 to S2.

4 S1givestheuseracollectionof documentsandpagesheretrievesfrom his localdatabaseandshowsthecontext
of his responseswith thedescriptionof S2included.

5 S2givesthehierarchicaltreeof conceptsto theuser.

6 TheuserrequestS2for moredetailedinformation.

7 S2searcheshisdatabaseandgivesresultsto theuser.

5 Relatedwork

Today, theWWW well-knownsearchtoolsmaybeclassifiedinto two categories:
theuniversalsearchtoolsandthe thematicdirectories.In this section,we studythesetwo typesof searchtoolsand
we focusparticularlyon theclassificationof WWW sites,revealinghow thecontext andthescalabilityproblemsare
dealtwith currentresearch.

5.1 Universal search tools

Thesesearchtoolsareuniversalin thesensethat they try to index thewholeWWW. As theWWW grows,universal
toolsbecomemorenumerous,resultingin overloadnetworkbandwidthsanddifficultiesto bringthecentralizedindex
up to date.They cometo beinadequatein findingrelevantinformationall over theWWW. Main weaknessesare:

* toomany irrelevantresponses,
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* noorganizationin theresponsesleadto difficult wayto exploit them.AltaVistagivesback3 000000responses
to the“environment”request,withoutexplicit order,

* lossof context aroundtheresponses,

* noaccessto thenon-textualdocuments(images,sounds,video)whicharenot easilyindexed.

5.2 Classification

Organizationof informationis necessaryfor efficient informationretrieval. Referringto theclassifyingmethodscom-
ing from libraries,it is fundamentalto classifydocumentsin orderto retrievethem.Classificationof datahasbeenthe
mostusefulmethodfor organizinginformationin domainslike library science[7] andtaxonomy[15]. Standardized
classificationschemesemergedearlyin the19thcentury, for examplethewell-known DDC (DecimalDewey Classi-
fication).Thismethodis calledsyntheticalindexing, theaim is to put oncein theshelvesthebookattachedto a node
of theglobaluniversalknowledgehierarchy. Anothermethod,calledanalyticalindexing consistsonassociatingterms
stemmingfrom a specializedthesaurusto eachdocument.By associatingthesetwo methods,we candescribeboth
generalandspecificinformationandwecanprovide indicesto retrievethemmoreaccurately.

5.2.1 Thematicservers

We describenow the other category of availableWWW searchtools. As an example,Yahooprovidesuserswith
themeansto browsea hierarchyof thematicdirectories.A provider canregisterby filling a form to describeits site,
indicatingin whichtopichewisheshisserverto appearandatwhichparticularlevel in thehierarchicaltreeof subjects.
Theadvantagesof this processis to enableexploratoryresearchandbettercontrol in indexing (reducingthenoise).
Theproblemsencounteredby thisapproachare:

* manualindexing,

* only a partof WWW is indexed,sothereis lot of silencein theanswers,

* manualclassificationof theconceptsandmanualclassificationof theuniversalinformationrequiresa highcost
for maintenanceandupdating,

* nocontent-text indexing of pages.

If we look closerto thematicservers,wecanseethatsomeclassificationmethodhasbeenusedto index thesites.
Startingfrom a treeof conceptsstaticallydefined,eachsite is describedby keywordsthathave beenchosenby their
author, andhasa referencein thehierarchyof terms.Having Yahoo!asanexample,wecaneitherfollow theordered
list of themesor askfor termsto retrievetheindexedpages.

5.2.2 Otherclassificationsof WWWsites

Theneedof humansto describedataaboutdatais necessaryto performgoodclusteringandto improve the quality
of the datadelivered. That problemhasbeendealtwith other domains,suchas digital libraries,and information
retrieval(IR). TheMetadataCoreWorkshop[16] hasgatheredspecialistsin thescienceof informationandconcluded
to thedefinitionof a setof minimalmetadatato describethenetworkedelectronicinformation.

On the WWW environment,everybodyneedusingmetadatain orderto improve the descriptionof a collection
of pages,speciallyon theWWW environment,becausethereis no meansto retrieve theinternalorganization.To be
easilyindexedandretrieved,a setWWW pagesneeddescriptionsof its contentandothercharacteristicslike author,
title. . . , thena representationof thelatestthanksto metadata.

[13] providesa taxonomyandvirtual URLs for browsingandsearchinglarge informationspacesin an Intranet.
Pan-browser[14] supportsthe creation,presentationand control of metadatacreatedby users. In our model, we
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allow thedesignerof a site to addany metadatathathe feelsis ableto describehis documents.He canchooseone
classificationschemein orderto disambiguatetheterms.

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]. Harvest[5] suggestsa distributedarchitectureof index serverswith filtering mechanismsto reduce
thenetworkbandwidthbut thereis not cooperationbetweenindex. HyPursuit[12] provide severalco-existing hierar-
chiesof clusters,built from anautomaticclusterizationof pages.

6 conclusion

To retrieve informationin computernetworks,researchneededto definestructuredmetadatastandardsembeddedin
thedocumentationto beusedfor organizinginformationandimproving theconstructionof generalindices.Herewe
have definedan algorithmanda propagationmechanismto improve precisionandrecall by expliciting the logical
structureof VWDs andaddingmetadatato describethem. We allow theuserto expresscontextual queriesandthe
systemgivesanswersembeddedwithin differentcontexts andat differentabstractionlevels. We have a scalablear-
chitecturewhichoffersthepresentsearchtoolstheability to index quickly andwith bettercontrol.Ourmodelhasthe
following advantages:


 Decreaseconsumptionof the bandwidth. Robotsareexchangingindicesandmay only index summariesof
documents;


 More relevant answers.Thecontexts attachedto the documentsarehierarchicallyorganized,involving better
controluponthecontentof theserver;


 Distributedindexing. Specializedrobotsarefocusingtheinformationupononeparticulardomain;


 A self-configuringsystem.Specializedandgeneralizedrobotsarediscoveringmetadatafrom eachother.

Our futurework aimsto implementahierarchicclusteringalgorithmto build VWD automatically, andto comparethe
meaningfulconceptsgivenby humanwith labelsof concatenatedwords.
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