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Abstract

The searchfor relevant information is often hinderedby the initial difficulty in
formulating preciserequestsandbecausenuchknowledgeis actuallytacit andthus not
easilyaccessibleAsking for humanassistances the usualresponseo theseproblems,
but onecandevelopcomputersystemso helplocatetheright personsn the searchfor
information.Wewill describehestructureandfunctioningof a collaborative distributed
search system designedto emulate the information-gathering functions of social
communities.Such systemscan be usedto createvirtual communitiesas well as to
improveinformationretrieval Potentialbenefitsandlikely problemsof this approactwill
alsobediscussed.
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1. INTRODUCTION

In our knowledge-baseelconomyjnformationretrievalmethodshavebecomeessential
to manageanever-growingnformationstore, notablyon the Web. Informaton Retrieval
is indeeda maturedomain(Salton& McGill 1983)(Manning& Schiitzel999), offering
well-known techniguesand applications such as searchengines.It is also a domain
where progressnow consistsmostly in small incrementalsteps, improving classical
performancendicatorsof recallandprecisiorby afew percentag@ointsonly.
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One of the main reasonsfor such limited search performanceis poor request
formulation. When startinga searchprocess,usersoften submitvague,incompleteor
inaccuraterequests Becausef theirinitial lack of knowledgeaboutthe subjectmatter,
usersdo not comeup easilywith establishedermsand expressionor their common
variants,andsearchresultsthereforeprovedisappointing.

Of course,methodshave beendevisedto tackle the commonproblemof poor initial
requestgSalton& McGill 1983).Using athesauruso expandor rephrasea requeswith
related termsis one possibleanswer,but the searchmight still remain too general.
Relevancdeedbackis morefocused,but usuallyrequiresoneor two interactivepasses.
Theusermustindicatewhethertheresultsof aninitial requestarerelevantor not, so that
therequestmaybemodifiedaccordinglyby thesystem.

Anotherfundamentateasorfor thelimited usefulressof searchtechniquess thatmuch
informationis in facttacit (Polanyi1l966).Indexingandretrieval techniquescanonly deal
with explicitly formulatedknowledge,to be found in databasesr textual documentsn
electronic form. But know-how, professonal skills and expertise are tied up with
individuals and their interactions,and are not publicly accessibleTacit knowledgeis
unfortunatelybothvery commorandsociallyimportant.

Sohow do humanbeingssolvetheirinformation needsMore oftenthannot, theinitial
sourceof informationis not explicit documentsput otherhumanbeings.Whenmostof
us setaboutsomeinquiry, we usually startby askingmore knowledgeablepeoplefor
adviceabouthow andwhereto find relevantinformation.We askfor helpin formulating
theright requestawith the correctvocabulary,andin locatingthe mostlikely sourcesof
information,whethethumanor textual.

In short, humanbeings use interest communities and social networks to find the
information they want. Modeling or building such communitiesand networks should
thereforehelpin the searchfor relevantknowledge,and severalresearchprojectshave
beendevelopedn thisdirection.

Wewill thenshow in this paperhow to designa collaborativesearchsystemmockling
andemulatingthe informative functionof socialnetworks.By profiling computerusers
and clusteringthemaccordingto their interestcenters,the systemwill createa virtual
community and useit for information retrieval purposes.Requestswill be expanded,
relations establishedand documentssharedso as to promote a better exchangeof
knowledgebetweerparticipants.

We will actuallydescribea particularsystem,called HumanLinks, but we will try to
discussit in a genericfashion. As the approah shows potential for variations and
improvementsywe will emphasizeéheoverallmethodandthe associatedssuesmorethan
specifictechnicaldetails.



2. SYSTEM OVERVIEW

The HumanLinks software, a collaborativeand distributed searchengine, has been
developedby arecentlycreatedFrenchstart-up:Amoweba.For more details aboutthe
companyandits products pleaseseethecompany'siebsite:

http://www.amoweba.com

2.1 SystemOutline

The basicconceptof HumanLinks is to establisha peer-to-peemetwork of registered
usersto help themin their searchfor relevant information. The peer-to-peer(P2P)
approachconsistsin creatingdirect links betweencomputerusers without necessarily
goingthrougha centralserver.Unlike a classicakerver/clientarchitecture pperationsand
dataareasdistributedaspossibleamonga networkof users anda particularpiece of data
couldbeanywheran thenetwork.

A peer-to-peerarchitecture offers potentially unlimited computing power and data
storage,contribued by the manycomputerdinked togetherin a commonnetwork. The
approachalso providesan answerto the updating problem of centralized indexing
serverswhich cannotkeeptrackof the constantidditions,deletionsor modificationsto
Webpagesanddocunents.Of course adequateoftwareis thennecessaryo co-ordinate
operationshroughouthenetwork. This is the generalmodelbehindfamousfile-sharing
softwaresuch as Napster,Gnutellaor KaZaA (seereferences)which havebeenvery
successfuin spite of legaldifficulties aboutdatacopyright.

Thegoalof HumanLinks is not simply to sharefiles, however, but to help find all
kinds of information,throughhumancontactor by answeringformal requestsThereare
two mainmodesof operationfor this system:it canbe employedto locateknowledgeable
userson agivensubjector to answerimpreciserequestdy augmentinghemwith expert
knowledgefoundin theusernetwork.

The two modeshavein commonthe profiling of the system’'susersso as to create
virtual communitiessharing similar interests. Thesecommunitiesare essentialto the
functioningof thesystem for thefundamentaideaunderlyingHumanLinks is thatsocial
links area goodway to locaterelevantinformation.In the caseof tacit knowledge, this
might indeedoffer the only possibleaccesgo information.In otherwords, information
retrieval shouldstartfirst with a searchfor the right persons beforetrying to launcha
moreclassicalsearchHor documents.

From a technicalpoint of view, this resultsin a distributedand collaborativesystem,
typical of the peer-to-peeapproach.The advantagds a potentially more powerful and
robustfunctioning,asdataandoperationgouldbe distributedthroughoutthe network of
registeredcomputes. On the otherhand, this approachmight causeseriousprivacy and
securityproblemswhichwill haveto beaddressed.
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2.2 Similar Work

HumanLinks maybecomparedo relatedprojects.Themainideaof linking peoplewith
similar interestss to befoundin severakystemswhich differ in theirprimary motivation
andtheirdefinition of similarity.

Using bookmarkgo regrouppeopleis now quitecommon,probablybecausét is both
reasonablynformativeandfairly easyto do. Systemssuchas GrassrootyKamiyaetal.
1997), SiteSeefRucker& Polancol997)or kMedia (Takedaet al. 2000) considernot
only a user'sset of bookmarks, but also their folder structureto form interest
communitiesOther systemsusedifferent sourcesof informationto computea similarity
betweenusers.For exampleReferral Web (Kautz et al. 1997) looks at bibliography
databaseshut one could also use e-mail message®r browsing patternsto establish
individual profilesfor comparison.

Communityorganizationor browsing recommendtions, and not information retrieval
per se,however,seemto be the primarymotivation of thosesystems,whereasHuman
Links wasdesignedo be a practicalsearchengine.In this respectthe closestsystemis
probablyOpencola(seereference)which also performsa distributed searchthrougha
networkof varioussourcesThe problemof tacit informationis alsoa well-knownissue
in knowledgemanagementutis usuallynotdiscussedufficiently in computerscience.

3. SYSTEM DESCRIPTION

Usersof Human Links registerat first by downloadingthe systemsoftwareon their
individual computerwhich mustof coursebeconnectedo thelnternet(or to anintranet).
HumanLinks will thenwork asanaddition(plug-in) to commonbrowsers(e.g. Explorer
or Netape).The softwarewill operateboth locally and by co-ordinatingdistributed
operationgnddatatransferooverthenetworkof connectedisers.

3.1 User Profiling

Thefirst stageis to establisHocally a characteristiauserprofile by examininga users
files. This could be doneby inspectingvarioustypesof documentse-mail messages,
attachedlocumentsyVebpagestextfiles, etc.,butwe havechoseruserbookmarks(i.e.
favorite Webpageshs a simple solution. Onemay supposethata user'sbookmarls are
characteristi@noughof hisinterestsatleastasafirst approximation.

3.1.1Vectorization
TheWebpagescorrespondingo thebookmarkpointersare gatheredas an unstructured
set(thebookmarkfolder structureis not usedin the presentversior). EachWeb pageis
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representedoy a numerical vector accordingto the vector-spacemodel of document
processing(Salton & McGill 1983). Common function words (articles, particles,
auxiliaries...) with little semantic content are first discarded.Occurrenes of more
significantwords (mostlynounsandverbs)arecounted aftera simple stemmingprocess
hasreduceelatedwords to a commonform (term). The frequencyof termsin a pageis
weightedo give moreimportanceio themorediscriminatingtermsin the corpusof pages
(classicalTFIDF measureandthis valuefor eachtermproducesavectorfor thepage.
Thisvectorizationstageis standardn documentindexingfor informationretrieval,and
there exist many variants. Term frequencyis usually the basic measurefor vector
componentsput more sophisticatedoropertiesare also available.Information-theoretic
measuregnay be used, but they are more expensivecomputationally. For common
profiling purposessimple indexingschemesuch as TFIDF seemgood erough. This
approachs alsolanguage-independeahddoesnotrequiresaninitial dictionary.

3.1.2Clustering

Thesevectorsarenow clusteredwith a variant of the well-known k-meansalgorithm
(Anderbergl1973)(Lebartet al. 2000), so asto revealgroupsof pagescorrespondingo
the user'sinterest centers.The clustersobtained may be comparedto the bookmark
folders(if any) to ascertaintheir relevance:clustersshould correspondo user-defined
folders. This unsupervisectlassificationis necessarypecausea user may have totally
differentinterestqlet's say computing,politics and sports)thatshould be kept separate
for furtherprocessingThecentroidof eachclustemwill thenbeusedasa prototypevector
for aninterestcenter andauserprofilewill consistof severasuchprototypes.

Theclassificationof bookmarkss afirst benefitfor theuser.It canbe usedto organize
asetof bookmarksjmproveor modify aprior folderstructure or simply to visualizethis
organizationon an interactive map (seebelow). The clusteringalgorithm may also be
appliedto otherdocumentypes,andtheresultingmapcanbevery useful.

3.2 Collaborative Search

Initial profiling canbe donelocally on the individual user'scomputer,but the next
stagesmustinvolve interactionsbetweendifferent computerson the network. This is
typical of a peer-to-peerpproachand offers potentially much more computing power
thanonacentralserver.

3.2.1Virtual communities

Individual userprofilesmaybecomparedn order to regroupuserswith similar interest
centersso as to form communities,but in fact communities remain virtual and are
implicitly revealedby the proximity of requestgo particularusers.Note thatusersin a
communityareseenonly throughtheirrelevantinterestcenter andusersmay well belong
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to severatommunitiesFor thesakeof clarity, we call "contact"a useridentified by one
of its interestcentersandcommunitiesconsistof contactgatherthanusers.

Communitiesmayalsoberepresentethy vectorsthecentroidof aclusterof usersis the
prototypefor the community.As a matter of fact, all itemsin this system(documents,
interestcenters,contacts,communities,requests... pre representedy lexical vectors,
whichwill makecomparisnspossiblebetweervariousitems.

Virtual communitiescannow be usedto fostersocialinteractionsMembersof a given
communitymaycommunicatavith oneanothelby e-mail,instantmessaging'chat" such
asICQ) or any othermeans.A requestor informdion canthenbe discussedvith other
knowledgeabldhumanbeings. Of coursethe privacy of individuals must be protected:
theirconsents requiredoeforedisclosingpersonainformation aboutthem(suchastheir
nameandaddress).

3.2.2Searchprocess

Thesecommunitiescanalso supportan automaticcollaborativeand distributed search
process.A noviceaboutsomesubjectdomainwill find it hardto formulate pertinent,
focusedrequestshbut givenanimpreciserequestthe systemwill be ableto find expet
userswith similar interestsTheirbookmarksor documentsnight berelevantfor a novice
andexpertinterestprototypedelpto formulatemorefocusedrequests.

An initial requesimay consistof keywordsas well as particularinterestcentres.The
requests sentto otheruserswith a profile similar to the request.If the similarity is good
enough,documentswill be sentback, and the new profile may be usedto focus the
requestandso on from userto user.Eachusermayleadto severalothers, so thatthe
searchgraphlookslike atree(Fig. 1). For amoredetaileddescriptionof this processsee
(Spalanzan2002).
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Figure 1. Search graph.



This processpropagate$orward andbackwardthroughthe networkto gatherrelevant
documentsor items. Requestsjump forward from one user to anotherwith similar
interests but caremustbe takento limit the depthandbreadthof the search.To ensure
this, apropagatiorparameters setbeforelaunchinga searchthis may be seenasa kind
of diffusionenergy associatedvith a requestwhich is progressivelyusedup duringthe
forward pass.Thebackwardpassstartswhenthis energyhasbeenexhaustedandsearch
depthhasbeenimited to 7 jumpsanyway.

Requestalsokeepatraceof the pathfollowed, to avod potentialloopsandto allow a
distributedbackwardpasswithoutcentralsupervision Answersto arequesaresentback
directly to the caller,so thatit doesnot matterif anindividual computeris switchedoff
betweenthe forward and the backward pas (or otherwise becomesinaccessible).
Duplicatedocumentsirethendiscardeé@ndanswerssortedby orderof relevance.

3.3 Interactive Map

The graphicalinterfaceis essentialto the system'susefulness.Classicalinformation
retrieval systems(using requestsand lists of documentskre not intuitive enoughfor
inexperiencedisers andwe havedevotedyreatcareto thedesignof theinterface.

3.3.1Mapcomponents

The maincomponenbf theinterfaceis a map(Figs. 2 and3) on which are displayed
interestcenters,users,virtual communities,documentsand requests.Those different
items canbe shown on the samemapbecauseheyare all representedy vectors. This
commorrepresentatioformatmakest possibleto comparevery different objects.Note,
however,thatthe two-dimensionalmapis a projectionfrom a multi-dimensionalspace,
with someinevitableloss of information.Onemustalsosupposehatall itemsbelongto
thesamevector-space,e. thespaceof possibldexicalterms.

Suchamapis muchmore intuitive, flexible andeasierto usethana setof foldersor a
categorytree.Documentsaremoreor lessdistantfrom otheritemson themap,anddo not
haveto be classifiedinto exclusivebinary categoriesBesidethe map, the interfacealso
showsalist of interestcentersandalist of documentseturned.

If thevector-spaces definedby reduceddimensionsof the kind computedby factor
analysidrom originalllexical featurestermscanalsobe placedwithin the samespaceand
on the samemap. Principal ComponentAnalysis (Jolliffe 1986)(Lebartet al. 2000) is
probablythe bestknown dimensionality reduction technique,and one version of the
systememployst to represenall items. We useda neuralnetworktechniqueto compute
thenewdimensionsanapproactof interestin itself (Delichére& Memmi2002).
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3.3.2Userinteraction

Thisis aninteractivemap:theusercanmoveitemson themap(with themouse)andthis
actionwill changeheunderlyingrepresentatiorizor examplethe usermaywantto move
a documentcloserto an interest center,and the documentvector will be modified
accordingly. Interest centersmay also be placed within a cloud of documents,
supersedinghesystem'slassification Requestsnay also be definedby their placement
onthemap.

Onecandefineaninfluencezonearounditems (roughly by drawingon the mapa circle
aroundanitem). Whenan item is displacedand modified, all items within its zone of
influencearealsovisibly displacedon the mapandmodified accordingy. This influence
may be designedas decreasingvith the distanceto the centralitem; gravity would be a
goodmetaphorfor thisdiminishingeffect.

Suchinteractive modifications pose seriousupdatingand coherenceproblems, made
evenworse by the two-dimensionalprojection,and this capability should be designed
with careandusedwith caution.Thereis a trade-off betweenmodification power and
coherenceye haveexperimentedvith severalariants,andwe think morework should
bedonein thisareaNonéhelessgiving theusersomecontrolover the representatiomof
objectsn thesystemseemsmportantandposesnterestingheoreticalquestions.

Lastly, for this interactivemapto be acceptablen practice the usershouldnot haveto
wait for resultsand modificationsto be displayed. This is a very important practical
constraint on the profiling and clustering algorithms, which must work online.
Incrementalversionsof the main algorithmsmight haveto be developedto speedup
computation.

3.4 First Results

All thefeaturesof HumanLinks presentecherehavebeenimplemented.The system
works as described,and all modules(profiling, clustering, visualization, searchand
retrieval)havebeentestedseparatehandtogetherTestshavebeenrun with thousandsof
participants(at most 8500 so far), but we do not haveyet the experienceof real-life,
everydaysewith thousandsf participantsWe areconfidentaboutthe operationof the
system,but we are not quite sure about how participantswill chooseto use it. For
examplewill theyemphasizédvumancommunicatioror formalrequests™ is too earlyfor
usto tell, butthisis anintriguing question.

Securityconcernsarealsoworth mentioning.Systemsmanagersre often uneasywith
peer-to-peemotabl becausef thedangeiof securitybreachegby virusesor hackers)n
a distributedcomputationnetwork. Companyfirewallstry to limit accessrom outside,
andwe hadsomedifficulties at first to makeHumanLinks work in suchenvironments.
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Oneconclusbn might be thatsucha systemis easierto use(or to recommend)over an
intranetwithin ahugeorganizatiorthanatlargevia thelnternet We areindeedheadingn
thisdirectionfor futureversionsof thesoftware.

4. DISCUSSION

This collaborative approachto information retrieval raises several questions. The
underlyingphilosophyis thatthebestway to go aboutarequestor informationis to do a
computer-aidedsearchfor the right people. This is closerto the way humanbeings
operateputhuman factorsmustthenbe considere@ndevaluated.

4.1 Privacy Problems

Privacyis animportantissue.To ensurethe ethical and social acceptabilityof sucha
systemtherightof participantso remainanonymousnustbe guaranteedl he nameand
addres®f eachparticipantshouldbe hiddenfrom others(by using a codedidentifier for
example) Beforedisclosingsomebody'ssddresshe musthavegrantedhis permission.
Expertsin particularare busy peoplewho do not want to be flooded with personal
requestgrom novices.

Protectionagainstunwantednformation (spamming)s a relatedissue.Belongingto a
communitycanbe beneficial,but may alsobring unwantedattention.Profiling decreases
to someextentthe risk of receivingirrelevantinformation, but cae must be takento
protectmembersf the networkfrom obtrusivemessagesinformation push should be
limited and very specific. Using mostly expertinformation could help; expertscan be
detectechutomaticallyby theirricherconnectiorpattern,n thesaneway thatGoogle(see
referenceyatesWebpages.

4.2 Actual Benefits

Oneshould be clear about the real benefitsand limitations of such a system. This
approachattemptsto assistin the searchfor explicit information by exploiting tacit
knowledge and human expertise.But whateverthe particular source chosen (Web
bookmarksin this case),the systemcan only capture expertisehaving left computer
traces.Thisis obviouslyaverylimited view of humarknowledge.

Although peopledealmoreand morewith computersand computer-controlledlevices
(e.g.cashmachinesandcredit-cardreaders)n their professionabnddaily life, a major
part of socialinteractionsdoesnot take place by computer.Face-to-facemeetingsand
phonecallsstill representhe bulk of humancontactsandvoiceis moreimportantthan
texts. Thekind of systemwe havebeendescribingcanonly makeuse of computerized
interactionsandis clearlygearedowardtextualdocuments.
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Extensionswould be possible, however. Becausemore and more social activity is
mediatedor recordedy computersmoretacitinformationcouldbe capturedwhich does
not haveto be in written form. In fact, many firms have startedexploiting purchase
patterns, bank withdrawals, transportationflows... Such datamining is constantly
increasingpothwithin firms and amongthe generalpublic. This raisesseriousethical
issues,but the fact is that more and more tacit information becomesavailable, which
couldbegatherecandexploited.

5. CONCLUSION

Wehavedescribeda collaborativeand distributedsearchsystemdevelopedo helpfind
knowledgewhich happenso besharedamongvarioushumanbeings.lIt is thus possible
to locate information which might not be found otherwisein electronic documentsor
databasesThe HumanLinks systemwill helpa noviceuserto formulate more focused
requestsby exploiting the profiles of more expertusersin a network of registered
participantsandwill facilitate direct contactbetweenparticipantswith similar interests.
Thesystemshowshow to makevaluabletacitknowledgemoreaccessible.

This approaclcanbe seenas an attemptto fulfill severalgoalsat the sametime. Its
primary objective was to locate relevantdocumentsgvenwith poor initial requests,a
classical goal of information retrieval. But this is achieved by creating virtual
communities,which could then give rise to real human relationships among the
participants.In this way is also modeledto some extent the information-gathering
functionof humansocialneworks, an interestinggoal in itself. The computersystem
maythusfulfill someimportantsocialneedsaswell asmoretechnicalgoals.

More generally this systemshouldbe placedwithin the frameworkof recenttrendsin
knowledge managementCollaboratie work and knowledge-sharingver electronic
networks thedevelopmenbof virtual communitiestheincreasinguseof outsourcingand
distributedorganizationsfacilitated by the Internet,clearly requireappropriatesoftware
tools. Promotingelectroniccortactsandinformation exchangen a naturalway, Human
Links is apromisingcontributionto this growingdomain.
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