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ABSTRACT

Thestudentprojectallocationproblemisawell-knownconstraintsatisfactionproblemthatinvolves
assigningstudentstoprojectsorsupervisorsbasedonanumberofcriteria.Thisstudyinvestigatesthe
useofpopulation-basedstrategiesinspiredfromphysicalphenomena(gravitationalsearchalgorithm),
evolutionarystrategies(geneticalgorithm),andswarmintelligence(antcolonyoptimization)tosolve
theStudentProjectAllocationproblemforacasestudyfromarealuniversity.Apopulationofsolutions
totheStudentProjectAllocationproblemisrepresentedaslistsofintegers,andtheindividualsin
thepopulationshareinformationthroughpopulation-basedheuristicstofindmoreoptimalsolutions.
Allthreetechniquesproducedsatisfactoryresultsandtheadaptedgravitationalsearchalgorithmfor
discretevariableswillbeusefulforotherconstraintsatisfactionproblems.However,theantcolony
optimization algorithmoutperformed thegenetic andgravitational search algorithms for finding
optimalsolutionstothestudentprojectallocationprobleminthisstudy.
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INTRodUCTIoN

InthemajorityofHigherEducationInstitutions(HEI),studentscarryoutfinalyearprojectsinthe
lastyearoftheirstudy.Insomecases,thereisanavailablelistofpossibleprojects,wherestudents
ranktheirchoicesinorderofpreferenceandfacultymembersalsohavetheirpreferenceforstudents
theymaywishtosupervise.ThisclassicproblemisknownastheStudentProjectAllocation(SPA)
problem,andtechniquestosolvingthisproblemhavebeenresearchedextensively(Abraham,Irving,
&Manlove,2003,2007;Anwar&Bahaj,2003;Iwama,Miyazaki,&Yanagisawa,2012;Kwanashie,
Irving,Manlove,&Sng,2015;Teo&Ho,1998).Mathematically,ithasbeenproventhatifapreference
listforstudentstosupervisorsandsupervisorstostudentsexist,thenastablematchingissuchthatno
lecturerorstudentcangetabettermatchthantheautomaticallygeneratedmatchingsolution,which
iswhytheclassicSPAproblemisalsoseenasageneralisationoftheHospital/Residency(Roth,
1984)problem(El-Atta&Moussa,2009).

Ithasbeenshownthattheclassicstudentprojectallocationproblemwithstudentorlecturer
optimal stability could be solved in polynomial time (Abraham et al., 2003, 2007) by integer
programming(Anwar&Bahaj,2003;Chiarandini,Fagerberg,&Gualandi,2018),simulatedannealing
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(Chown, Cook, & Wilding, 2018; Ghazali & Abdul-Rahman, 2015) and other techniques. The
methodsusedinsolvingtheclassicSPAproblemcanalsobetransferredtootherdomainssuchas
telecommunicationsthatrequireresourcesharing(Guetal.,2015).However,avariantofthestudent
projectallocationproblemwithadditionalfactorssuchassupervisorloadbalancingorsomeother
customconstraintscouldbeseenasamultiobjectiveconstraintsatisfactionproblem(Srinivasan&
Rachmawati,2008).SrinivasanandRachmawati(2008)haveusedanevolutionaryalgorithmtofind
anoptimalsolutiontoamultiobjectiveconstraintSPAproblemfortheUniversityDepartmentin
theircasestudy.

Eventhoughthenofreelunchtheorem(Wolpert&Macready,1997)suggeststhatnoalgorithm
isguaranteedtoperformwellacrossallproblems,anevolutionarystrategywillarguablyperformas
wellastheresultsachievedin(Rachmawati&Srinivasan,2005;Srinivasan&Rachmawati,2008)
foradifferentsetofconstraints.Assuch,thisstudyinvestigatesthesuitabilityofpopulation-based
approachesforsolvingthemultiobjectiveconstraintsatisfactionSPAproblem,withconstraintsfrom
arealuniversity.

Threeapproaches,namely,gravitationalsearch(Rashedi,Nezamabadi-pour,&Saryazdi,2009)
basedonthephysicalphenomenonofgravitation,theantscolonyoptimisation(Dorigo,Maniezzo,
&Colorni,1996)basedonswarmintelligence,andthegeneticalgorithm(Deb,Agrawal,Pratap,&
Meyarivan,2000)basedonnaturalevolutionareinvestigated,andtheresultsreportedinsubsequent
sections.Thegeneticalgorithmhaspreviouslybeenused to solve theSPAproblem(Harper,de
Senna,Vieira,&Shahani,2005;Srinivasan&Rachmawati,2008),however,basedonthereview
ofliterature,thereisadearthofresearchthatreportontheuseoftheantscolonyoptimisationor
thegravitationalsearchstrategiesforthisproblem.Thisresearchfillsthisgap,anddemonstratesa
methodthatadaptsthegravitationalsearchalgorithmfordiscretevariables.Thegravitationalsearch
algorithmworkswithcontinuousvariables(Rashedietal.,2009)andhasbeenadaptedforbinary
variables(Rashedi,Nezamabadi-Pour,&Saryazdi,2010).

STUdeNT PRoJeCT ALLoCATIoN PRoBLeM

ThedatasetfortheSPAproblemfromthecasestudydepartmentcontained:

1. Astudentlistwithfive(5)preferredresearchareasforafinalprojectinorderofpreference;
2. Alecturerlistwithspecificresearchareaswherethelecturercansupervisestudents;
3. AstudentlistwiththeircurrentCumulativeGradePointAverage(CGPA).

TheSPAproblem is thus tocreateaproject allocation solution,where thepenalty for total
constraintviolationsareminimised.Theconstraintviolationsareasfollows:

C1.Student preference:Studentsareassignedtoaprojectinoneoftheirmostpreferredresearcharea.
C2.Staff load balance:Lecturersshouldhaveequalsupervisionload(numberofstudents).
C3.Academic strength balance:TheaverageofCGPAofstudentsallocatedtoeachlecturershould

bethesame.

data
Table1reportsthestatisticsoftheSPAdatasetthatissolvedinthisstudy.Thisdataisdownloadable
fromhttps://doi.org/10.6084/m9.figshare.6490451.

The distribution of student project preferences per supervisor is illustrated in https://doi.
org/10.6084/m9.figshare.6490451.Notethatinthisdataset,ifasolutionisformedbyassigninga
studenttohis/hermostpreferredproject,thesolutionwillhaveapenaltyof81.84,withconstraint
violationsfromstaffloadbalanceandacademicstrengthbalance.Eventhoughthispenaltymaybe
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