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Abstract Locating expertisesourcesin a communityof interestor practiceis a critical
needor distributedorganizationsUsuallyexpertiselocationis donethroughthe
useof personabkocialor knowledgenetworksandinvolvesaspectsuchastrust
andreputation.However, andespeciallyin distributed organizationgelying on
communicatiortechnologiedor cooperationeachmemberof a communityis
justawareof its own personakocialor knowledgenetwork. This makedifficult
to getto know otherpotentialexpertsin the communitywhich may pertainto
othermembershetworks.NetExperis anagent-baseexpertiselocationsystem
thatreplicateshe proces®of socialandknowledgenetworkbuilding atcommu-
nity or organizatiorlevel. In sodoingit is ableto connecteveralnetworksand
putinto contactexpertisethatotherwisewould remainhidden.

Keywords.  Softwareagents,multiagentsystems,assistantagents,expertiselocation, so-
cial networks knowledgenetworks collaboratve systemsknowledgemapping,
knowledgemanagement.

1. INTRODUCTION

KnowledgeManagementecognizesheimportanceof locatingknowledge
asit originatesandevolveswithin acommunityof peopleinsidean organiza-
tion with a commonsetof goals. Any KM processhasto incorporatesome
aspectof leveragingexisting knowledge,sharingit anddistributing it to the
relevant peoplewithin the organization. This latter aspectalso makesclear
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thatthereis a specialtype of knowledge,i.e., the knowledgeaboutwhoknows
whatandwhoknowswhoknowswhatthatis importantfor atleasttwo reasons.
Firstly, becausét helpsdecidingwho may be interestedn newv knowledge
generatedh thecommunity Secondlyandevenmoreimportant,becausét is
necessaryo decidewhich peoplemay cooperatén a givenarea. CurrentIT
systemdor KM support(see(Borghoff and Pareschi,1998)for an extensive
suney andassessmentfftenaremorerelatedto otheraspectof KM suchas
finding goodrepresentationsf knowledgeor devising searchingnechanisms
for locatingit. We addresghe problemof finding expertsaswell asthe paths
to reachthem.We devisedanagent-basedystenthatworkson behalfof each
expertin the communityandbuilds andmaintainshis networkof closeexperts
andrecover thewholenetworkof acommunity It providesaneffective means
for mappingandlocatingexpertswithin acommunity

Expertsarerecognizedassuchthanksto their activity within acommunity
that,in responséo their performancegrantthemthe”expert” level. In orderto
locateanexpertwe needto combinetwo operationsfinding him, andknowing
how to reachhim. The problemcanbebrokendown, then,into two parts:

= Theproblemof findingwho hasthenecessarknowledgeaboutthecen-
tral topic of the problem(Contractoret al., 1998)amountgo answering
thequestionWhoknowswhat?

= The problemof knowing how we cansucceedn reachingthe expert.
Knowingi.e. Whoknowswhoknowswhat?

Both problemshave to do with the issueof trustingthe resultof afinding
operation. Expertsappearingn the resultsof a finding operationshouldbe
recognizedas suchby the community Trust and reputationare established
throughdifferentand subtlemechanismgWenger 1999). However, onesim-
plewayto establishtrustabouta previously unknonvn expertis to rely on his or
herrelationshipwith expertsthatarealreadyknown to usandwhoseexpertise
hasbeentestedn previoussituations.The problemof trustcanbereducedo
theproblemof finding relationshipsvith expertsknown to the persorwhoisiin
needof anexpert. Thisrelationshipcanbeinducedby peerto-peerassessment
or throughan analysisof the differentpersonahetworksof eachmemberof
thecommunity Two typesof networksin acommunityarerelevantfor this:

= TheKnowledge Network: representpeoplewho shareknowledge. If
two peoplethatareconnectedt meanghatthey have similarknowledge
aboutagivensetof topics. Thesenetworkshave beenusedfor example,
in IKNOW (Contractoretal., 1998).

» The Social Network: relatespeoplewho know eachother Two people
areconnectedf they areacquainted.Thesenetworkshave beenused,
for example,in ReferalWeb(Kautzetal., 1997).
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Any persorhasonly a partialandbiasedawarenes®f the socialstructures
aroundhim or her. He or sheonly knows his or her own KnowledgeandSo-
cial Networks. Peoplerelatingto othermembersf a communityby means
of computersystemshave a reducedknowledgeof other peoples networks.
Corversely thenumberof peoplethatrelatethroughnen communicatiortech-
nologiesis evengreaterthanin previous cooperatie situations.Both aspects
diminish the perceptionof other social and cognitive networks. In the fol-
lowing sectionswe describeNetExpert an agent-basedystemfor locating
expertisewithin a communitywhich relies on the dynamicconstructionand
managementf suchnetworks.

2. A MULTIAGENT SYSTEM FOR
EXPERTISE LOCATION

NetExperts amultiagensystenthatlocatesxpertsin avirtual community
It wasoriginally devisedfor acommunityformedby researcherdts useis now
being extendedto other communities. NetExpertdiscorerswhich members
in a communityare expertsandhow they canbe reachedhroughchainsof
intermediatesxperts. It builds and exploits socialand knowledgenetworks.
We describeNetExpertfrom the outsidein, startingfrom the view a typical
userhasof it.

2.1 Functionalities

NetExperbffersthefollowing functionalities.

1 Searching: NetExpertsearchesn expert usingkeywords. Thereare
four possibletypesof searchby: name,knowledge profile, web, re-
sources.

2 Communication: Oncean expert is locatedit can be contactedby:
videoconferencemail, chator a WAP phonecall.

3 Exploring Knowledgeand Social Networ ks: NetExpergllows explor-
ing the Knowledgeand Social Networksexisting aroundary expertby
shaving which peopleshareknowledgeor areacquaintedvith the se-
lectedexpert.

4 Finding the optimal path to an expert: The optimalpathto anexpert
is the bestreferral chain (Kautzetal., 1997)thatgoesfrom onemem-
ber of the communityto anotherthroughtheir sharedSocial Network.
An expert A, would like to meetC but A doesnot know who C is. If
A usesthe SocialNetwork, he candiscover the acquaintancesf C. Let
us supposehat one of theseacquaintancesf C is B who happengo
know A andC. A could usehis acquaintancé meetC. The "shortest”
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pathis calculatedby usinga heuristicthattakesinto accountthe num-
berof edgesn the graphbetweerntwo peopleandthe strengthof their
relationship.

3. INFORMATION SOURCES FOR
EXPERTISE LOCATION

NetExpertusesa lot of informationto generatets knowledgeincluding
knowledgegeneratethy therestof alargersystemtheCollaboratory(Vazquez
etal., 2001;Sanglesaetal., 2000). We describeherethis possibleinteraction,
althoughNetExpertcanalsowork in independentashion.Usersareexpected
to contributeand consultdocumentsUURLs, andmessagesWhatthe Collab-
oratory offersthemis arecommendesystemhatissuesecommendationsn
new contributionsto the commondocumenbase Userscanratetheserecom-
mendationdollowing a collaborative filtering schema(Resnickand Varian,
1997;ShardanandndMaes,1995; Terveenetal., 1997).Informationthathas
somerelationshipto a users competencendinterestscanbe extractedfrom
the contentsof thesedocumentsaand from documentratingsaswell asother
sources.

3.1 Complementary sources of information

Anotherway for the systemto representhe knowledgeandthe interests
of amemberis throughthe analysisof his or her personaWwebpage.In per
sonalpagesjnformationthatis notrepresentatie of therealknowledgeof the
authorcould exist. This could introducenoisein the procesf building the
correspondingnowledgemodel. However, the knowledgemodel extracted
from a personalwebpages crudebut alsowide. This is an excellentqual-
ity in orderto searchfor an expert afterwards.The actualkKnowledgeprofile
built by NetExpertcontainsa descriptionof his expertiseareasdescribedn
termsof the mostimportanttermsappearingn the documentsontributedby
the user Thesedocumentsaretreatedasif they hadreceved a positive vote
from the user A contributionis animplicit positive vote. The creationand
maintenancef this profile is doneautomatically A knowledgemodelis built
for eachpageor resourceusinganelaboratiorof TFIDF (SaltonandMcGill,
1983). Personalwebpagesisuallyreflectthe knowledgeand interestsof its
authors Expertstendto includein their personapagespublicationsandother
sourceglirectly relatedto the knowledgethey generateTo analyzewebpages
NetExpertusesiebMining(Pujol,2000),anindependengystenthatanalyzes
thewebandcreategyenericcontentmodels.
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3.2 Generating knowledge for expertise location

Socialandknowledgenetworkscanbebuilt from theprofilesdescribegre-
viously. In orderto build this networkwe have devisedsomeheuristicghatas-
sesghedegreeof acquaintanceetweertwo membersf acommunity These
heuristicausethefollowing data:

= Documents published within the community: All authorsof a pub-
lisheddocumentareassumedo know eachother The morequantityof
publisheddocument$n commonthey have,thestrongetherelationship
betweertheir authorss.

= Relationsamong per sonal webpages: Personalebpagesreasource
of usefulinformationin orderto know moreabouttheir authorand his
relationwith othermembersof the community In a personalwebpage
we canfind referencesuchasemailaddressesf othermembersf the
communitylinks towardsthemainpageof personalvebs links towards
resourceghatareincludedin otherpersonalvebpagesln thislastcase,
thedepthof theresourcaeferencedby bothpersonahomepageis taken
into accounto fine tunethe deggreeof mutualrelationship.

4. INTERNAL ARCHITECTURE

NetExpertis built asa distributedmultiagentarchitecture Eachagentand
eachnon-agensoftwarecomponentould be locatedin heterogeneouglat-
forms. Figure14.1showvstheinternalarchitectureof NetExpert Two kinds of
userscanexist in NetExpert

s Human users: they accesNetExpert either via WWW or via WAP
pagesBoth uselightweightclients,a webbrowseror amobile phone.

m Agent users: artificial agentsroamingthe web that canobtainknowl-
edgeand information from NetExpertby interactingwith the Graph
Agent. This is the basisfor expandingthe expertiselocation utilities
acrossse/eralcommunities.

Grey componentsn the diagramarchitectureare agents. Hereis the de-
scriptionof eachoneof them.

m Interface Agent: it is anadaptorbetweenJl and GraphAgent. Each
userwithin the systemusesa Ul, andeachUIl needsaninterfaceAgent
to communicatewith the GraphAgent. Eachsimultaneousiserof Net-
Experthasa Ul andinterfaceAgentthatarein theclientside.

m Graph Agent: it is theonethatencapsulateall NetExpertsknowledge
andinformation. To obtaininformationfrom the systema requesimust
beaddressetb the GraphAgent.
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Internalarchitectureof NetExpert

= Spy Agent: it is in chage of monitoringary changean the Community
repository

= RelationshipMaker Agent: it buildsandkeepsherelationshipamong
communitymembers.

= WebSnooper Agent: This agentanalyzesheweb pagesof community
memberslt useshe WebMiningsystem(Pujol, 2000).

Agentshave beendevelopedwith JATLite (JATLite, 2001)with FIPA ACL
(FIPA, 2001)asacommunicatioanguage.

NetExperthasbeentestedwith a usergroup formedby the faculty of the
SoftwareDepartmentt UniversitatPolitecnicade Catalunya(UPC).This test
only intendedto assesghe constructionof Social Networksas Knowledge
networksneedednformationcreatedn the Collaboratory andat the moment
of testingnot enoughpeoplehadcontributeddocumentso ensureasignificant
sample.The UPC SoftwareDepartmenhasl70members104 of whomhave
apersonalvebpageThesamplewasthen104individuals.



Relationshipsveightandperindividual

NetExperfound 190relationshipamongthe 104 memberof the Software
Department. Relationshipsbetweenpeoplehave a weight between0 and1,
[0..1]. Onthe left sideof figure 14.2 the weight of the relationshipscanbe
seen. Most of themare low-mediumones,between0.25and 0.50. The per
centage®f weakrelationshipsaandhigh-mediumrelationshipsarealmostthe
same.Theright sideof Figure14.2shavsthenumberof relationshipgperindi-
vidual. Mostpeople 69 percentareclassifiedassomavhatrelated They have
betweenl and3 relationshipswith othermembersf the DepartmentOnly 3
percentof theindividualshave no relationat all, and5 percentof individuals
canbe consideredo have mary relationships.NetExpertfoundrelationships
that correspondo real relationshipsamong92 percentof membersof Soft-
wareDepartment.Informationaboutpublisheddocumentsn the community
wasnot usedin thistest.

Several personalinterviews werecarriedout with usersin this community
andin thewider communityusingthe Collaboratoryin orderto assessheva-
lidity of the recoverednetworks. In general,peopleagreedon the structure
of their personahetworksandtheir relationshipto otherclosemembersnet-
works. Furtherwork is ontheway to quantifythe degreeof correctnessf the
recorerednetworksandthe ranking of experts. Initial resultsseemto point
thattheinformationusedby NetExperts a goodstartingbasisto mapa com-
munity knowledgeaswell asstablishingits userslevel of competencéPujol
andSangiesa2001).

The SoftwareDepartmentetworkis a small world (Watts and Strogatz,
1998)asit hasbheenfoundwhenanalysingothervirtual communitiegAdamic,
1999).We areexploring theimplicationsof this for theimprovementof Social
andKnowledgeNetworkbuilding andsearching.



NetExperis anagent-baseekpertiselocationsystem.t exploits socialand
knowledgenetworksto facilitatefinding expertswithin acommunity Thedif-
ferencebetweenNetExperandsystemgike IKNOW (Contractoretal., 1998)
or ReferalWeb (Kautz et al., 1997)is that it melgesand useseachtype of
networkthat thesesystemause(in the first caseonly socialnetworksandin
the secondone only knowledge networks). IKNOW and Referal\Web resort
to webpagedo createprofiles but NetExpertusesalso documentghat each
expert publishesand consultswithin the community Moreover, in analyzing
webpagedNetExpernot only usesthe actualcontentsof pageshut alsoinfor-
mationaboutlinks, which represent&an additionalenhancemenwith respect
to othersystems.

Othersystemshave beendevisedfor expertiselocation. Experthnder (Vi-
vacqua,1999)locatesexpertsin Jaza Programmingfrom the codewritten by
eachprogrammeiand his contributionsto discussiorists. Althoughthe sys-
temseemdo give goodresultsit is argueabldhatit couldbeextendedo other
domains. AckermanAnswerGarden (Ackermanand McDonald, 1996; Mc-
Donaldand Ackerman,1998)usesFAQ in to answeruserquestions.An ex-
pertisefinding functionality(ExpertRecommendéMcDonaldandAckerman,
2000))hasbeenbuilt uponthis system.In contrasto NetExpert ExpertRec-
ommendewusesa social networkthat hasbeenbuilt manuallyafter personal
interviews. SomeauthorgLiao etal., 1999)claim thatprofilesbuilt only with
the aid of significantwordsmay be too shallov for describingadequatelythe
expertiseof a memberof the community Onealternatie solutionis to have
a fully developedontologydescribingcompetences; a communityanduse
it to build andanalyzeusermodels. Up to now, theseontologieshave to be
built manuallythrougha tiresomeprocess. Although going throughsucha
processnayresultin amoreprecisesearclresults the presenperformancef
NetExpertseemdo indicatethat our approacthassuficient retrieval quality.
Neverthelesswe are presentlyinvestigatingwaysto createontologiessemi-
automaticallyfrom theanalysisof webpagesinddocumentgFava, 2001).

Anotherdifficulty of our presentapproacHiesin assessinghe level of ex-
pertiseof eachmemberof the communitysolelyfrom the currentinformation
sources.This involvestrust, confidenceandreputationissues.In orderto as-
sesstheseaspectsomefeedbackirom the peoplethat have usedan expert’s
information may be needed. Rankingexpertson the basisof the quality of
their responsesies in the basisof somesystemsgven commercialonessuch
as http://wwwask.me We are currently trying to connectan expert ranking
systembasedn userfeedback Garcia,2001)with NetExperin orderto com-
plementthe currentavaluationof the expertisemembersin the community
With no feedbackan alternatie way of measuringquality or reputationis to



usemetricsabouthis positionin the networkand of the network’s topology

We have performedsomeexperimentsusingasa testgroup a researctcom-
munity and comparedhe obtainedrankingsagainsta publicationimpactin-

dex, whichis arecognizedvay of establishingeputatiorandexpertisewithin

the scientificcommunityandrequieresio feedback.Theresultsshav a good
correlationbetweerNodeRankingwhich is the rankingmethodusedby Net-
Experts, andthe establishedcientificpublicationranking. For detailsabout
techniquedor reputationextractionusingsocialnetworktopology see(Pujol
andSangiesa2001).

Thefact that NetExperthasbeenimplementedasa multiagentsystemim-
pliesthatreconfigurationgndimprovementsasthe onesthathave beenmen-
tionedin the lastparagraptcanbe donein a stepwisefashionwith ease.The
currentimplementations FIPA-compliant(FIPA, 2001) which meansthatit
cancooperatavith otheragentsdevelopedunderthis frameavork. This could
allow thefederatiorof severalexpertlocationsystemservingsimilarcommu-
nities.
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