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ABSTRACT

Businesscollaborationshavegainedprominenceinmanydomainsmediatedbyinformationtechnology
platforms.Thesecollaborations,normallyreferredtoasvirtualenterprises(VEs)considervarying
corecompetenciesofparticipants.TheVEs’dynamicnaturerequiresparticipantstobedynamically
selectedandengaged.Thisrequiresaflexiblesystematicapproach, lackinginexistingliterature,
tohandlevaryingformsofVEs.ThisstudyaimstoconsideraVEfromanenterpriseintegration
viewpointandtodevelopanagent-basedmodelthatsupportstheVE’sformationandoperationphases.
Thismodelwillprovidesupporttobusinessmanagersinmakingdecisionsefficientlybydelegating
partoftheprocessestosoftwareagents.Anagent-basedVE(ABVE)modelprototypeisdeveloped.
Casestudiesfromvariousdomainsareusedinthedemonstrationofthemodel’sapplicabilityand
possiblegeneralization.Afterevaluationitisshownthatusersaremotivatedtousethemodelasan
effectivetoolforVEformationandcollaborationsindiversedomainswithan88.86%acceptancerate.
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1. INTRODUCTION

1.1. Background
Itisbecomingatrendforenterprisestoteamupwithaviewofenhancingtheircompetitiveedgeover
theirpeersinthemarketplaceandtoadapttothetechnologicalinnovationsthatarerapidlychanging
thebusinesslandscape.Inthesemarketplaces,theconsortiumoftheseenterprisescaneffectively
handlenewbusinessopportunities.Avirtualenterprise(VE)isanallianceofautonomousentities
(individuals,businesses),thathaveacommongoalandworktogether,inacollaborativeway.To
achievethegoal,theycollaborativelyemploytheirvariedcompetencesandresources.Itisofcritical
importancethatbusinesstobusiness(B2B)relationshipsareeffectiveastheyenabletheorganizations
to enhance their own ability to be more competitive. This research focuses on supporting B2B
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collaborationsbyusingsoftwareagents.AcrucialcompetitivefactorofaVEisitsabilitytoform
analliancethatiscustomerfocused.

Inslightlyoveradecade,therehavebeenanumberofVEimplementationmodelsbeingproposed
as highlighted in (Camarinha-Matos, Afsarmanesh, & Ollus, 2005; Romero & Vernadat, 2016).
IndustrialapplicationsofVEshavebeendevelopedforthefollowingindustries:automotiveindustry,
electronicsandtelecommunications,IT,buildingconstruction,transportation,chemical,food,textile,
mouldsamongothers.ManufacturingandsupplychainaretypicalproblemssolvedbyVEs.

The lifecycle of a VE is divided into three phases (Pego-Guerra, 2006): 1) formation, 2)
managementand3)dissolution.Theformationphaseestablishesthegoalandtheobjectivesofthe
VE,accordingtotheproductdemand.Italsoidentifiesthefunctionalrequirementsthatorganization
needstofulfil.Afterthefunctionalrequirementsareknown,thecorecapabilitiesneededbyVEare
determined.Severalenterprisesmayhavethesecorecapabilities,butonlyfewofthemareselected
asmembersoftheVE.Thisprocessisdefinedasthepartnerevaluationandselectionprocess.Once
thepartnerevaluationandselectionprocessisfinished,theVEentersitsmanagementphase.The
managementphasefocusesonhowtoachievethegoalsandobjectivesoftheVE.Inthemanagement
phase,memberscollaborateandintegratetheircorecompetenciestosatisfythefunctionalrequirements,
identifiedintheformationphase.Theperformanceofpartnersisalsoevaluatedinthisphase.Finally,
oncetheproductdemandismet,theVEdissolves,anditsmembersfindothervalue-addingchains,
wheretheircorecapabilitiescanbeused.Thedissolutionphasedealswithendingtherelationship
amongpartnersandeventuallytheevaluationoftheresultsofthecollaborativework.

OneoftheapproachesappliedinmodellingVEsistheuseofmulti-agentsystemsapproach
(Musumba & Wamuyu, 2016). There are many past works focusing on agent-based approaches
andsystems.However,theydonotaddressaVEmodelholistically.Theysimplifytheconceptofa
VEandfocusonasingleaspectorasinglephaseinthelifecycleofaVE.Existingworksalsolack
solutionsthatareflexibleandapplicableacrossdiversesectors.Existingmodelslackdynamismand
areincapableofhandlingvariedVErequirementsindiversedomains.Variouspartnerselections
andcollaborationprocessesexistbutarenon-adaptive todiversedomains.Theyarealsohuman
resourceintensiveandcostly.IntegrationofhumannegotiationcapabilitiesintheVEs,whichare
keyinformingpracticalconsortiaisseldom.

ThisworkproposesasystematicapproachtomodellingVEssothatvariousformsofVEscanbe
realizedthusallowingflexibility.Thisisdemonstratedbytheuseofcasestudiesfromvarieddomains.
Thisstudyspanssoftwareagents’technologyandvirtualenterprises.Softwareagents’technology
isconsideredtobeaspecialbranchofdistributedartificialintelligence(DAI).Thisstudyusescase
scenariostodemonstratetheapplicabilityandpossibleevaluationofthemodel.

1.2. Problem Formulation
TheVirtualEnterpriseformationandcollaborationproblemcanbeformulatedusing‘theswitching
principle’(Mowshowitz,1999),whichseparatestheabstractrequirementsofthetasksfromtheir
satisfiers.Switchingisthedynamicassignmentofsatisfierstotheabstractrequirementsinsucha
waythatthestrategicgoalsoftheVEaremet.Theabstractrequirementsaretheneedsofthetasks
andthesatisfiersaretheresourcesrequiredtomeetthoseneeds.Inthisproblem,thetasksidentified
duringproblemanalysisaretheabstractrequirements,andthepartnersarethesatisfiersofthose
tasks.Inprinciple,theproblemcanbeinterpretedasanassignmentproblemandrepresentedusing
abipartitegraph,asshowninFigure1asadaptedfromMusumbaandWamuyu(2016).

AsdescribedinMusumba(2017),abipartitegraphisagraphwhoseverticescanbedivided
intotwoindependentsets,forexample,UforenterprisesandVforactivities,suchthateveryedge
(u,v)connectsavertexfromUtoVand(v,u)fromVtoU.Thereisnoedgethatconnectsvertices
ofsameset.InFigure1,theactivitiesarerepresentedontherightandtheenterprisesontheleft.It
representsapoolofpotentialpartnerenterprisesandtheprojecttasks.Thatis,manyenterprisescan
havethecompetenciesneededforseveraltasksandonetaskcanbeimplementedbymorethanone
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