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Abstract Locatingexpertisesourcesin a communityof interestor practiceis a critical
needfor distributedorganizations.Usuallyexpertiselocationisdonethroughthe
useof personalsocialor knowledgenetworksandinvolvesaspectssuchastrust
andreputation.However, andespeciallyin distributedorganizationsrelying on
communicationtechnologiesfor cooperation,eachmemberof a communityis
justawareof its ownpersonalsocialor knowledgenetwork.Thismakesdifficult
to get to know otherpotentialexpertsin the communitywhich may pertainto
othermembers’networks.NetExpertis anagent-basedexpertiselocationsystem
thatreplicatestheprocessof socialandknowledgenetworkbuilding atcommu-
nity or organizationlevel. In sodoingit is ableto connectseveralnetworksand
put into contactexpertisethatotherwisewouldremainhidden.

Keywords: Softwareagents,multiagentsystems,assistantagents,expertiselocation, so-
cial networks,knowledgenetworks,collaborativesystems,knowledgemapping,
knowledgemanagement.
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KnowledgeManagementrecognizestheimportanceof locatingknowledge
asit originatesandevolveswithin a communityof peopleinsideanorganiza-
tion with a commonsetof goals. Any KM processhasto incorporatesome
aspectsof leveragingexisting knowledge,sharingit anddistributing it to the
relevant peoplewithin the organization. This latter aspectalsomakesclear
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thatthereis a specialtypeof knowledge,i.e., theknowledgeaboutwhoknows
whatandwhoknowswhoknowswhatthatis importantfor at leasttwo reasons.
Firstly, becauseit helpsdecidingwho may be interestedin new knowledge
generatedin thecommunity. Secondly, andevenmoreimportant,becauseit is
necessaryto decidewhich peoplemaycooperatein a givenarea.CurrentIT
systemsfor KM support(see(Borghoff andPareschi,1998)for anextensive
survey andassessment)oftenaremorerelatedto otheraspectsof KM suchas
finding goodrepresentationsof knowledgeor devising searchingmechanisms
for locatingit. We addresstheproblemof finding expertsaswell asthepaths
to reachthem.Wedevisedanagent-basedsystemthatworksonbehalfof each
expertin thecommunityandbuildsandmaintainshisnetworkof closeexperts
andrecover thewholenetworkof acommunity. It providesaneffectivemeans
for mappingandlocatingexpertswithin a community.

Expertsarerecognizedassuchthanksto their activity within a community
that,in responseto theirperformance,grantthemthe”expert” level. In orderto
locateanexpertweneedto combinetwooperations:findinghim,andknowing
how to reachhim. Theproblemcanbebrokendown, then,into two parts:

Theproblemof findingwhohasthenecessaryknowledgeaboutthecen-
tral topic of theproblem(Contractoret al., 1998)amountsto answering
thequestionWhoknowswhat?

The problemof knowing how we cansucceedin reachingthe expert.
Knowing i.e. Whoknowswhoknowswhat?

Both problemshave to do with the issueof trustingthe resultof a finding
operation. Expertsappearingin the resultsof a finding operationshouldbe
recognizedas suchby the community. Trust andreputationare established
throughdifferentandsubtlemechanisms(Wenger, 1999). However, onesim-
plewayto establishtrustaboutapreviouslyunknownexpertis to rely onhisor
herrelationshipwith expertsthatarealreadyknown to usandwhoseexpertise
hasbeentestedin previoussituations.Theproblemof trustcanbereducedto
theproblemof findingrelationshipswith expertsknownto thepersonwhois in
needof anexpert.Thisrelationshipcanbeinducedby peer-to-peerassessment
or throughan analysisof the differentpersonalnetworksof eachmemberof
thecommunity. Two typesof networksin acommunityarerelevantfor this:

The Knowledge Network: representspeoplewho shareknowledge.If
two peoplethatareconnectedit meansthatthey havesimilarknowledge
aboutagivensetof topics.Thesenetworkshavebeenused,for example,
in IKNOW (Contractoretal., 1998).

The Social Network: relatespeoplewhoknow eachother. Two people
areconnectedif they areacquainted.Thesenetworkshave beenused,
for example,in ReferralWeb(Kautzetal., 1997).
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Any personhasonly a partialandbiasedawarenessof thesocialstructures
aroundhim or her. He or sheonly knows his or herown KnowledgeandSo-
cial Networks. Peoplerelating to othermembersof a communityby means
of computersystemshave a reducedknowledgeof otherpeople’s networks.
Conversely, thenumberof peoplethatrelatethroughnew communicationtech-
nologiesis evengreaterthanin previouscooperative situations.Both aspects
diminish the perceptionof other social and cognitive networks. In the fol-
lowing sectionswe describeNetExpert, an agent-basedsystemfor locating
expertisewithin a communitywhich relieson the dynamicconstructionand
managementof suchnetworks.
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NetExpertisamultiagentsystemthatlocatesexpertsin avirtual community.
It wasoriginallydevisedfor acommunityformedbyresearchers.Its useisnow
being extendedto othercommunities. NetExpertdiscoverswhich members
in a communityareexpertsandhow they canbe reachedthroughchainsof
intermediateexperts. It builds andexploits socialandknowledgenetworks.
We describeNetExpertfrom the outsidein, startingfrom the view a typical
userhasof it.
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NetExpertoffersthefollowing functionalities.

1 Searching: NetExpertsearchesan expert usingkeywords. Thereare
four possibletypesof searchby: name,knowledgeprofile, web, re-
sources.

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

3 Exploring Knowledge and Social Networks: NetExpertallowsexplor-
ing theKnowledgeandSocialNetworksexisting aroundany expertby
showing which peopleshareknowledgeor areacquaintedwith the se-
lectedexpert.

4 Finding the optimal path to an expert: Theoptimalpathto anexpert
is the bestreferral chain (Kautzet al., 1997)thatgoesfrom onemem-
berof the communityto anotherthroughtheir sharedSocialNetwork.
An expert A, would like to meetC but A doesnot know who C is. If
A usestheSocialNetwork,hecandiscover theacquaintancesof C. Let
us supposethat oneof theseacquaintancesof C is B who happensto
know A andC. A couldusehis acquaintanceto meetC. The”shortest”
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pathis calculatedby usinga heuristicthat takesinto accountthe num-
berof edgesin thegraphbetweentwo peopleandthe strengthof their
relationship.
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NetExpertusesa lot of information to generateits knowledgeincluding
knowledgegeneratedby therestof alargersystem,theCollaboratory(Vázquez
etal., 2001;Sang̈uesaet al., 2000).We describeherethispossibleinteraction,
althoughNetExpertcanalsowork in independentfashion.Usersareexpected
to contributeandconsultdocuments,URLs,andmessages.WhattheCollab-
oratoryoffersthemis a recommendersystemthatissuesrecommendationson
new contributionsto thecommondocumentbase.Userscanratetheserecom-
mendationsfollowing a collaborative filtering schema(Resnickand Varian,
1997;ShardanandandMaes,1995;Terveenetal., 1997).Informationthathas
somerelationshipto a user’s competenceandinterestscanbeextractedfrom
the contentsof thesedocumentsandfrom documentratingsaswell asother
sources.

=?>�c SVdfehgji�k!elk�m�nOo!p�qXrBdtsupwvxk�rGd�y\z{m�y+d.p�e|o!n�z�dtm

Anotherway for the systemto representthe knowledgeand the interests
of a memberis throughthe analysisof his or her personalwebpage.In per-
sonalpages,informationthatis not representativeof therealknowledgeof the
authorcouldexist. This could introducenoisein the processof building the
correspondingknowledgemodel. However, the knowledgemodelextracted
from a personalwebpageis crudebut alsowide. This is an excellentqual-
ity in orderto searchfor anexpert afterwards.The actualKnowledgeprofile
built by NetExpertcontainsa descriptionof his expertiseareasdescribedin
termsof themostimportanttermsappearingin thedocumentscontributedby
the user. Thesedocumentsaretreatedasif they hadreceiveda positive vote
from the user. A contribution is an implicit positive vote. The creationand
maintenanceof this profile is doneautomatically. A knowledgemodelis built
for eachpageor resource,usinganelaborationof TFIDF (SaltonandMcGill,
1983). Personalwebpagesusuallyreflect the knowledgeand interestsof its
authors.Expertstendto includein their personalpagespublicationsandother
sourcesdirectly relatedto theknowledgethey generate.To analyzewebpages
NetExpertusesWebMining(Pujol,2000),anindependentsystemthatanalyzes
thewebandcreatesgenericcontentmodels.
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Socialandknowledgenetworkscanbebuilt from theprofilesdescribedpre-
viously. In orderto build thisnetworkwehavedevisedsomeheuristicsthatas-
sessthedegreeof acquaintancebetweentwo membersof acommunity. These
heuristicsusethefollowing data:

Documents published within the community: All authorsof a pub-
lisheddocumentareassumedto know eachother. Themorequantityof
publisheddocumentsin commonthey have,thestrongertherelationship
betweentheir authorsis.

Relations among personal webpages: Personalwebpagesareasource
of usefulinformationin orderto know moreabouttheir authorandhis
relationwith othermembersof the community. In a personalwebpage
we canfind referencessuchasemailaddressesof othermembersof the
community, links towardsthemainpageof personalwebs,links towards
resources,thatareincludedin otherpersonalwebpages.In this lastcase,
thedepthof theresourcereferencedby bothpersonalhomepagesis taken
into accountto fine tunethedegreeof mutualrelationship.
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NetExpertis built asa distributedmultiagentarchitecture.Eachagentand
eachnon-agentsoftwarecomponentcould be locatedin heterogeneousplat-
forms.Figure14.1showstheinternalarchitectureof NetExpert. Two kindsof
userscanexist in NetExpert.

Human users: they accesNetExpert, either via WWW or via WAP
pages.Bothuselightweightclients,a webbrowseror amobilephone.

Agent users: artificial agentsroamingthe web thatcanobtainknowl-
edgeand information from NetExpertby interactingwith the Graph
Agent. This is the basisfor expandingthe expertiselocationutilities
acrossseveralcommunities.

Grey componentsin the diagramarchitectureareagents.Here is the de-
scriptionof eachoneof them.

Interface Agent: it is anadaptorbetweenUI andGraphAgent. Each
userwithin thesystemusesa UI, andeachUI needsanInterfaceAgent
to communicatewith theGraphAgent. Eachsimultaneoususerof Net-
Experthasa UI andInterfaceAgentthatarein theclientside.

Graph Agent: it is theonethatencapsulatesall NetExpert’sknowledge
andinformation.To obtaininformationfrom thesystema requestmust
beaddressedto theGraphAgent.
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Internalarchitectureof NetExpert

Spy Agent: it is in chargeof monitoringany changein theCommunity
repository.

RelationshipMaker Agent: it buildsandkeepstherelationshipsamong
communitymembers.

WebSnooper Agent: This agentanalyzesthewebpagesof community
members.It usestheWebMiningsystem(Pujol,2000).

Agentshave beendevelopedwith JATLite (JATLite, 2001)with FIPA ACL
(FIPA, 2001)asacommunicationlanguage.
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NetExperthasbeentestedwith a usergroupformedby the faculty of the
SoftwareDepartmentatUniversitatPolitècnicadeCatalunya(UPC).This test
only intendedto assessthe constructionof Social Networksas Knowledge
networksneededinformationcreatedin theCollaboratoryandat themoment
of testingnotenoughpeoplehadcontributeddocumentsto ensureasignificant
sample.TheUPCSoftwareDepartmenthas170members,104of whomhave
a personalwebpage.Thesamplewasthen104individuals.
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NetExpertfound190relationshipsamongthe104membersof theSoftware
Department.Relationshipsbetweenpeoplehave a weight between0 and1,
[0..1]. On the left sideof figure 14.2 the weight of the relationshipscanbe
seen.Most of themare low-mediumones,between0.25and0.50. The per-
centagesof weakrelationshipsandhigh-mediumrelationshipsarealmostthe
same.Theright sideof Figure14.2showsthenumberof relationshipsperindi-
vidual. Mostpeople,69percent,areclassifiedassomewhatrelated. They have
between1 and3 relationshipswith othermembersof theDepartment.Only 3
percentof the individualshave no relationat all, and5 percentof individuals
canbeconsideredto have many relationships.NetExpertfoundrelationships
that correspondto real relationshipsamong92 percentof membersof Soft-
wareDepartment.Informationaboutpublisheddocumentsin thecommunity
wasnot usedin this test.

Severalpersonalinterviews werecarriedout with usersin this community
andin thewidercommunityusingtheCollaboratory in orderto assesstheva-
lidity of the recoverednetworks. In general,peopleagreedon the structure
of their personalnetworksandtheir relationshipto otherclosemembers’net-
works.Furtherwork is on theway to quantifythedegreeof correctnessof the
recoverednetworksandthe rankingof experts. Initial resultsseemto point
thattheinformationusedby NetExpertis a goodstartingbasisto mapa com-
munity knowledgeaswell asstablishingits userslevel of competence(Pujol
andSang̈uesa,2001).

The SoftwareDepartmentnetwork is a small world (Watts and Strogatz,
1998)asit hasbeenfoundwhenanalysingothervirtual communities(Adamic,
1999).Weareexploringtheimplicationsof this for theimprovementof Social
andKnowledgeNetworkbuilding andsearching.



3�4�4 5�6�7�8�9;:�<�=�:?>�@�6�@�=�:�A�:�6�BC@�6�<EDCF =�@�6�G2H�@�B G�7�6I@,9J>�:�A�7�F	G�:LK

M�N OQP(R�SUTVR�RWPYX[Z \]ZVO ^_TQ`badcfeg` `]ehR?ei\]`jSUc

NetExpertis anagent-basedexpertiselocationsystem.It exploitssocialand
knowledgenetworksto facilitatefindingexpertswithin acommunity. Thedif-
ferencebetweenNetExpertandsystemslike IKNOW (Contractoret al., 1998)
or ReferralWeb (Kautz et al., 1997) is that it mergesanduseseachtype of
networkthat thesesystemsuse(in the first caseonly socialnetworksandin
the secondoneonly knowledgenetworks). IKNOW andReferralWeb resort
to webpagesto createprofilesbut NetExpertusesalsodocumentsthat each
expert publishesandconsultswithin thecommunity. Moreover, in analyzing
webpagesNetExpertnot only usestheactualcontentsof pagesbut alsoinfor-
mationaboutlinks, which representsanadditionalenhancementwith respect
to othersystems.

Othersystemshave beendevisedfor expertiselocation. ExpertFinder (Vi-
vacqua,1999)locatesexpertsin Java Programming)from thecodewritten by
eachprogrammerandhis contributionsto discussionlists. Althoughthesys-
temseemsto givegoodresultsit is argueablethatit couldbeextendedto other
domains. AckermanAnswerGarden(AckermanandMcDonald,1996;Mc-
DonaldandAckerman,1998)usesFAQ in to answeruserquestions.An ex-
pertisefindingfunctionality(ExpertRecommender(McDonaldandAckerman,
2000))hasbeenbuilt uponthis system.In contrastto NetExpert, ExpertRec-
ommenderusesa socialnetworkthat hasbeenbuilt manuallyafter personal
interviews. Someauthors(Liao etal., 1999)claimthatprofilesbuilt only with
theaid of significantwordsmaybetoo shallow for describingadequatelythe
expertiseof a memberof the community. Onealternative solutionis to have
a fully developedontologydescribingcompetencesin a communityanduse
it to build andanalyzeusermodels. Up to now, theseontologieshave to be
built manuallythrougha tiresomeprocess.Although going throughsucha
processmayresultin amoreprecisesearchresults,thepresentperformanceof
NetExpertseemsto indicatethatour approachhassufficient retrieval quality.
Nevertheless,we arepresentlyinvestigatingwaysto createontologiessemi-
automaticallyfrom theanalysisof webpagesanddocuments(Fava,2001).

Anotherdifficulty of our presentapproachlies in assessingthelevel of ex-
pertiseof eachmemberof thecommunitysolelyfrom thecurrentinformation
sources.This involvestrust,confidenceandreputationissues.In orderto as-
sesstheseaspectssomefeedbackfrom the peoplethathave usedanexpert’s
informationmay be needed.Rankingexpertson the basisof the quality of
their responseslies in thebasisof somesystems,evencommercialonessuch
ashttp://www.ask.me. We arecurrently trying to connectan expert ranking
systembasedonuserfeedback(Garcia,2001)with NetExpertin orderto com-
plementthe currentavaluationof the expertisemembersin the community.
With no feedback,analternative way of measuringquality or reputationis to
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usemetricsabouthis positionin the networkandof the network’s topology.
We have performedsomeexperimentsusingasa testgroupa researchcom-
munity andcomparedthe obtainedrankingsagainsta publicationimpact in-
dex, which is arecognizedwayof establishingreputationandexpertisewithin
thescientificcommunityandrequieresno feedback.Theresultsshow a good
correlationbetweenNodeRanking, which is therankingmethodusedby Net-
Expert’s, andtheestablishedscientificpublicationranking. For detailsabout
techniquesfor reputationextractionusingsocialnetworktopologysee(Pujol
andSang̈uesa,2001).

Thefact thatNetExperthasbeenimplementedasa multiagentsystemim-
pliesthatreconfigurationsandimprovementsastheonesthathave beenmen-
tionedin the lastparagraphcanbedonein a stepwisefashionwith ease.The
currentimplementationis FIPA-compliant(FIPA, 2001)which meansthat it
cancooperatewith otheragentsdevelopedunderthis framework. This could
allow thefederationof severalexpertlocationsystemsservingsimilarcommu-
nities.
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