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ABSTRACT

Amulti-agentoptimizationmethodisproposedtosolvethepreemptiveresource-constrainedproject
schedulingprobleminwhichactivitiesareallowedtobepreemptednomorethanonce.Theproposed
methodinvolvesamulti-agentsystem,anegotiationprocess,andtwotypesofagents(activityagents
andscheduleagent).Theactivityagentsandthescheduleagentnegotiatewitheachothertoallocate
resourcesandoptimizetheprojectschedule.Computationalexperimentswereconductedusingthe
standardprojectschedulingproblemsets.Comparedwithpriorstudies,resultsoftheproposedmethod
arecompetitive in termsofprojectmakespan.Themethodcanbeextended tootherpreemptive
resource-constrainedprojectschedulingproblems.
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1. INTROdUCTION

Thepreemptiveresource-constrainedprojectschedulingproblem(PRCPSP)isanimportantsub-
problemoftheresource-constrainedprojectschedulingproblem(RCPSP).TheclassicRCPSPis
basedonsomeassumptions,oneofwhichisthatactivitiesarenon-preemptive(Moukrim,Quilliot,&
Toussaint,2015;Cheng,Fowler,Kempf,&Mason,2015).However,inprojectmanagementpractices,
someactivitiesmaybepreemptedforthereasonthatresourcesarenotinplaceintimeorhaveto
bere-allocatedforotherhigh-priorityactivities.Therefore,thePRCPSPhasbeenproposedtorelax
thenon-preemptionassumption(Zhu,Li,&Shen,2011).ThePRCPSPallowstemporaryreleaseof
resourcesintheongoingprocess,i.e.,anactivitycanbesuspendedinordertoreleaseitsresources
forotheractivities,whichmakesprojectschedulingmoreflexible.Inthispaper,wemainlyfocuson
thesocalled1_PRCPSP,inwhichactivitiescannotbeinterruptedmorethanonce(Ballestín,Valls,
&Quintanilla,2008).
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ThePRCPSPisatypicalNP-hardproblem.Exactmethods(e.g.,branch-and-boundprocedureand
linearprogramming-basedalgorithms)canachievetheoptimalsolutionsoftheproblembutarenot
efficientinsolvinglargescaleproblems(Buddhakulsomsiri&Kim,2006).Hence,swarmintelligent
optimization(SIO)methods(e.g.,particleswarmoptimizationandantcolonyoptimization)havebeen
adoptedtosolvethePRCPSP(Demeulemeester&Herroelen,1996;Damay,Quilliot,&Sanlaville,
2007; Shou, Li, & Lai, 2015). Swarm intelligent optimization methods find the best solutions
throughinteractionandevolutionofapopulationofsimpleagents.Tosomeextent,swarmintelligent
optimizationmethodscanberegardedasagent-basedmethods,andhavebeendemonstratedtobe
effectiveforprojectscheduling(Ballestín,Valls,&Quintanilla,2009;VanPeteghem&Vanhoucke,
2010;Fink&Homberger,2013;Hanetal.,2013;Shouetal.,2015).Anagentinthesemethods
representsaself-containedproblem-solvingentity,andischaracterizedwithautonomy,socialability,
responsiveness,self-learningandproactiveness(Shou,Xiang,Li,&Yao,2014).Theinteractionssuch
ascooperation,coordinationandnegotiationamongtheseagentscontributetothesolutiondiversity
andrapidconvergence(Jennings,Sycara,&Wooldridge,1998;Xie&Liu,2009).

Weproposeamulti-agentoptimization(MAO)methodtosolvethe1_PRCPSP.Amulti-agent
systemisestablishedtoprovideaframeworkwhichincludesanagentinteractionsystemandabasic
serviceplatform.Inthemulti-agentsystem,theMAOmethodconsistsoftwotypesofagents:activity
agents thatareresponsiblefor theresourcerequestsandactivity implementation,andaschedule
agentthatisresponsiblefortheresourceallocationandprojectscheduling.Activityagentsandthe
scheduleagentnegotiatewitheachothertodoresourceallocationandprojectscheduling,andconduct
schedulingoptimizationthroughaniterativeimprovementprocess.

Theremainderofthispaperisorganizedasfollows.InSection2,wepresentthepreemptive
resource-constrainedprojectschedulingproblemanditsmathematicalmodel.Section3develops
amulti-agentoptimizationmethodforthe1_PRCPSP.Computationalexperimentsandresultsare
giveninSection4.Section5concludesthispaper.

2. PROBLeM deSCRIPTIONS

Aprojectcanbedescribedasanactivity-on-node(AON)networkG=(V,A),whereVisthenode
setrepresentingasetofactivitiesandAisthesetofarcsdescribingtheprecedencerelationsbetween
activities.Theprecedencerelationsbetweenactivitiesareof“start-finish”type(Kolisch&Hartmann,
2006),whichmeansthatforactivitiesj1andj2where(j1,j2)∈A,activityj2cannotstartuntilactivity
j1finishes.Theprojectconsistsofn+2activitieswithactivityindexj=0,1,…,n,n+1.Activityj=
0andactivityj=n+1aredummysourceanddummysinkactivitiesrespectively.Thestarttimeof
activityjissj.Thedurationofactivityjisanon-negativeintegerdj,andd0=dn+1=0.Thecapacity
ofresourcekisdenotedbyRk,k=1,2,…,m.Thedemandofresourcekbyactivityjisrjk,wherej=
0,1,2,…,n,n+1,k=1,2,…,m,andrjkisanon-negativeinteger.Resourcesoftheprojectareassumed
toberenewable.

Activitiesinprogresscanbepreemptedonlyonce,andthepreemptionhappensatanintegertime
instant.Theactivitythatispreemptedwillrestartafteraperiodoftimewithnoadditionalcost(Afshar-
Nadjafi&Majlesi,2014).Itwillnotberecognizedaspreemptionifpreemptionhappensexactlyat
thebeginningortheendofanactivityorifanactivityrestartsimmediatelyafteritspreemption.The
start,preemption,restart,andfinishofactivitiesdonotconsumeadditionaltime(Vanhoucke,2008;
Afshar-Nadjafi,Yazdani,&Majlesi,2017).

The goal of the 1_PRCPSP is to minimize the project makespan under the conditions of
precedencerelationsandresourceconstraints.Therefore,itshouldbedecidedwhetheranactivity
ispreemptedornot,whenthecorrespondingpreemptionoccurs,andwhentherestpartof the
preemptedactivityrestarts.
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