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ABSTRACT

Thispaperpresentsanapplicationofwatercyclealgorithm(WCA)insolvingstochasticprogramming
problems.Inparticular,linearstochasticfractionalprogrammingproblemsareconsideredwhichare
solvedbyWCA,andsolutionsarecomparedwithparticleswarmoptimization,differentialevolution,
andwhaleoptimizationalgorithmandtheresultsfromliterature.Theconstraintsarehandledby
converting constrained optimization problem into an unconstrained optimization problem using
augmentedLagrangemethod.Further,afractionalstochastictransportationproblemisexaminedas
anapplicationofthestochasticfractionalprogrammingproblem.Intermsofefficiencyofalgorithms
andtheabilitytofindoptimalsolutions,WCAgiveshighlysignificantresultsincomparisonwith
theothermetaheuristicalgorithmsandthequotedresultsintheliterature,whichdemonstratesthat
WCAalgorithmhas100%convergenceinalltheproblems.Moreover,non-parametrichypothesis
testsareperformedandindicatethatWCApresentsbetterresultsascomparedtotheotheralgorithms.
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1. INTRodUCTIoN

Stochasticprogrammingdealswiththeconditionwheretheparametersoftheproblemareuncertain
orrandome.g.,futuredemandsofgoodsdependonthemarketconditions;thetransportationcost
dependsontheuncertainpriceoffuel,andcropyieldstypicallydependontheweatherconditions
(BirgeandLouveaux2011).Theuncertainparametersof theproblemareconsideredas random
variables that follows probability distribution (Rao 2019). To solve the stochastic programming
problem,theideaistoconvertaprobabilisticproblemintoitsequivalentdeterministicform,and
then the solutions are obtained by classical/ numerical techniques. Stochastic programming has
beenwidelyusedinvariousareasofscienceandengineering.Ithasbeenappliedtodifferentreal-
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timeproblemssuchastransportation(YangandFeng2007),finance(Carinoetal.1994),electrical
generationcapacityplanning(Murphyetal.1982),portfoliooptimization(Abdelazizetal.2007),
medicalfield(BenandMasmoudi2012,Punnakitikashem2008),supplychainmanagement(Fisher
etal.1997),socialnetwork(WuandKüçükyavuz2018),RiskCriterion(RiisandSchultz2003).In
thispaper,stochasticfractionalprogramming(SFP)problemisconsidered,whichoptimizestheratio
oftwofunctionswithsomeconstraints.Atleastoneoftheparametersmustbeuncertain(orrandom)
innature,orsomeoftheconstraintscanbeindeterministicform.SFPproblemshavebeenappliedto
thebusinesssectorindifferentscenarios(e.g.,costv/stime,costv/sprofit,costv/svolume).There
areseveralclassicalandnumericaltechniquestosolvetheSFPproblems(CharlesandDutta2001,
2004,2005,Charlesetal.2001).Mohamed(2017)proposedenhanceadaptivedifferentialevolution
algorithmandHadietal.(2019)proposedLSHADE-SPAtosolvehighdimensionalandcomplex
optimizationproblems.Inthelastthreedecades,metaheuristicalgorithmsdevelopedtosolvethe
complex-computational,high-dimensional,non-differentiability,non-convexityproblems.Basically,
metaheuristic algorithms depend on the natural evolution and the algorithms are started with a
randomlygeneratedpopulation.ThemostpopularalgorithmsareGeneticAlgorithm(GA)(Holland
1992),ParticleSwarmOptimization(PSO)(EberhartandKennedy1995),DifferentialEvolution(DE)
(DasandSuganthan2010),AntColonyOptimization(ACO)(DorigoandBirattari2010),Teaching
LearningBasedOptimization(TLBO)(Rao2016)etc.Thereareotherseveralmetaheuristicalgorithms
whichareusedtosolvereal-worldapplicationssuchasenergyefficiencyintheIoTnetworks(Iwendi
etal.2020),earlydetectionofdiabeticretinopathy(Gadekalluetal.2020),XGBoostclassification
modelforintrusiondetection(Bhattacharya,2020),globaloptimizationproblems(Wuetal.,2020)
etc.Tosolvethestochasticprogramming,Thangarajetal.(2011)andMohamed(2017)usedDE
algorithmandfoundtheoptimalsolution.

WaterCycleAlgorithm(WCA)wasproposedbyEskandaretal.(2012),whichisinspiredby
thenaturalwatercycleandconsiderstheflowofstreamsandriverstowardsasea.Theycompared
theobtainedresultsofWCAwithotherwell-knownmetaheuristicalgorithms(GA,Harmonysearch
(HS),PSO,andDE).TheobtainedresultsmanifestedthatWCAisanefficientandsuitablealgorithm
tosolveconstrainedoptimizationproblems.WCAhasbeenappliedtodifferenttypesofproblems
andpresentedsignificantresults.Haddadetal.(2014)usedWCAtosolvethereservoiroperation
problemandstatedthatWCAhashighreliabilityandefficiency.Sadollahetal.(2015)modified
WCAintheevaporationrateforstreamsandrivers.Manyresearchers(Deihimietal.2016,Elkholy
andAbd-Elkader2019,Heidarietal.2017)appliedWCAtoreal-timeproblemsandfoundtobethe
mostefficientalgorithm,duetoitshighcapabilityoffindingtheoptimalsolutions.

Tothebestofourknowledge,WCAhasnotbeenappliedtostochasticprogrammingproblems.
Hence,inthisstudy,theauthorsimplementedWCAforsolvingSFPproblems,asitusesalowernumber
ofuser-definedparametersandalsopresentedacasestudybasedonstochasticfractionalprogramming
problem.Tohandleconstraints,severaltechniqueshavebeendevelopedwithmetaheuristicalgorithms
(Coello2002,Mezura2009).WCAhandlestheconstraintswithaugmentedLagrangianmethodin
which,constrainedoptimizationproblemisconvertedintoanunconstrainedoptimizationproblem
withsomepenaltytotheobjectivefunction(Bahreininejad2019).TheresultsofWCAcompared
withtheresultsofDE,PSO,WOA,andresultsfromtheliterature(CharlesandDutta2005).Also,a
stochasticfractionaltransportationproblemisconsideredwiththereal-worldproblemasanapplication
oftheSFPproblem.Balaprakashetal.(2015)consideredavehicleroutingproblemwithstochastic
demandsandcustomersandsolvedusinganempiricalestimation-basedmetaheuristicalgorithm.
AgrawalandGanesh(2020)solvedfuzzyfractionalstochastictransportationprobleminwhichthe
parametersareconsideredasfuzzyrandomvariableswhichfollowfuzzyexponentialdistribution.
Theyalsoconsideredstochastictransportationprobleminwhichtherandomnessandmultichoiceof
parametersaretakensimultaneouslythataresolvedbyclassicalapproach(AgrawalandGanesh2020).

The organization of this research paper is as follows: section 2 describes definition of SFP
problemwithmathematicalmodel,section3presentsmethodologyforsolvingtheSFPproblems.In
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