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ABSTRACT

Portfolioselectionandoptimizationdealwiththeselectionofthemostsuitableprojectsinaportfolio.
Theexpectedgoalscanbeachievedwhileconsideringthebalanceamongselectedprojectstoensure
thatallselectedprojectsconsumeresourceseffectively.Thisstudyproposesandcomparesmulti-
objectiveportfolioinvestmentoptimizationalgorithmsunderuncertainconditions.Theinvestment
return(intermsofthefuzzynetpresentvalueoftheportfolio)andinvestmentrisk(intermsofthe
credibilisticriskindex)havesimultaneouslybeenconsidered.Inaddition,fuzzychance-constrained
programmingisintroducedasanoptimizationconstrainttohandlesuchuncertaintybyspecifying
adesiredconfidencelevelofthedecisionmakers.Theoutcomeofthisstudycanthenhelpdecision
makerstodecidewhatprojectsandwhentoinvest.Decisionmakerscandealwithalimitedbudget
withlogicalrelationshipsandwithintheirdesiredfinancialandriskrequirements.
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1. INTROdUCTION

ProjectPortfolioManagement(PPM)isasetofprocedures,usedtoassistanorganizationinhandling
acombinationofprojectsthatbestfittheorganization’svariousneeds(Archeretal.,1999).Toobtain
efficientportfolios,investorsarefacedwithatrade-offbetweenahigherriskandahigherexpected
returnbytakingonmorerisk.Asaresult, thefinancialreturn,andinvestmentriskare themost
importantcriteriaforinvestorstomakeafinancialdecisiononinvestmentsunderuncertainty.The
financialproblemrelatedtoprojectportfolioselectionishowtomaximizeprofitswhendistributing
theavailable investmentcapital to the selectedcombinationofprojects. Investmentcriteria, like
cashinflowsandoutflowsandavailableinvestmentcapital,areregardedasdefiniterealnumbers.
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Nevertheless,thesevariablesareperceivedtobefuzzyandimprecise(inreality),andhence,account
forriskininvestments.

Beaujonetal.(2001)identifiedriskasamajorproblemunderlyingthechoiceofmethodology
forevaluatingthevalueofaproject(oraportfolioofprojects).Inmostcases,ifthevalueofeach
projectisindependentofthevalueofanyotherproject,themajorissueistocorrectlyidentifythe
riskofeachproject in theselectionofaportfolio.Furthermore, thereareanumberofproposed
methodologiesforvaluingprojects, includingsomethatexplicitlyaccountforrisk.Accordingto
GhoshandRoy(2021),decisionmakersaimedtogetahighprofitwithlowriskascommondesires,
somulti-objectiveoptimizationtechniquessuchasFuzzyProgramming(FP),GlobalCriteriaMethod
(GCM),andNeutrosophicLinearProgramming(NLP),wererequiredtobalancebetweenthetwo
desires.Yuetal. (2019)alsodevelopedamethod tosolvehybridmulti-attributeMulti-Attribute
DecisionMaking(MADM)problemsbyapplyingcompromise-typedfunctionswithvariableweights.

Thisstudypresentsanoptimalchoiceofportfolio investmentunderuncertainenvironments
thatsatisfiesallfinancialandriskconstraints.Themaincontributionofthisstudyistoproposean
integratedmulti-objectiveportfolioinvestmentoptimizationalgorithmunderuncertainconditions.
Theproposedapproachattemptstocoverallaspectsofsuchinvestmentswherefinancialandriskare
takenintoaccount.Thefinancialaspectisrepresentedbythefinancialreturn,andtheriskaspectis
evaluatedbyboththecredibilisticriskindextoevaluatethedeviationoftheresultfromtheexpected
most likelyoutcomeand thecredibility index that is evaluatedby thepossibility tooccur.Both
objectivesareclearlyconflictingintheirnatureThen,duetoanumberofprojectsthatareevaluated
inaportfolioaswellasanumberofconstraintsandtheircomplexitysuchasprecedenceofsome
projectsandthepairofprojectstogainsynergyeffectareimposedintheevaluation,thisfuzzymulti
objectiveportfolioinvestmentoptimizationproblemwouldbequitedifficulttobeevaluated.Asa
result,fuzzygoalprogrammingandmultipleobjectivefuzzylinearprogramming(i.e.,Zimmermann’s
methodandWeightedAdditiveMethod)wereintroducedinthisstudytobeamethodtooptimize
theportfolioinvestment.Withtheseapproaches,thedecisionmakerscanevaluatethereturnand
theriskoftheprojectssimultaneously.Then,thefuzzygoalprogrammingmodelandfuzzylinear
programmingmodelwithawiderangeofpercentagedeviationsandweightingscenariosareused
andcomparedtoidentifyfavorableresultsandtheiradvantages.Toourknowledge,applyingbothrisk
termsinthemulti-objectiveprojectselectionandsequencingproblemandoptimizingboththerisk
andthefinancialreturnsimultaneouslyintheinvestmentportfoliooptimizationunderanuncertain
environmenthasnotbeenperformedinthepastresearch.Mostofthepastresearchhastreatedthem
separatelyorstudiedtheminacertainenvironment.Asaresult,theessenceofthisstudycanhelp
decision makers to evaluate and optimize their multi-objective portfolios. Decision makers can
thendecidewhatprojectsandwhentoinvestunderalimitedbudgetandimposedfinancialandrisk
constraintswiththeoptimallogicalrelationshipsunderuncertainty.

Therestofthispaperisorganizedasfollows.Section2isaliteraturereviewthatincludesrelevant
researchinthefieldofportfoliooptimizationandoptimizationunderuncertainty.Section3explains
theproblemformulationofintegratingtheobjectivefunctionsbyminimizingthecredibilisticrisk
indexoftheprojectportfoliowhilemaximizingtheexpectedfinancialreturn.Inaddition,Section
3alsopresentsanapplicationexampleofprojectportfoliooptimization.Then,Section4showsand
compares theresults.Finally,Section5concludes thefindingsanddescribes the limitationsand
suggestionsforfutureresearch.

2. LITeRATURe ReVIew

2.1 Portfolio Optimization
Portfolio optimization is a Project Portfolio Management (PPM) process, which deals with the
coordinationofmultipleprojectsinaspecifictimeframetoachievestrategicbenefitsbysharing
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