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ABSTRACT

In this article, the single capacitated vehicle routing problem with time windows and uncertain
demandsisstudied.Havingasetofcustomerswhoseactualdemandisnotknowninadvance,needs
tobeserviced.Thegoaloftheproblemistofindasetofrouteswiththelowesttotaltraveldistance
andtardinesstime,subjecttovehiclecapacityandtimewindowconstraints.Twouncertaintytypes
canbedistinguishedintheliterature:randomandepistemicuncertainties.Becauseseveralstudies
focalized upon the random aspect of uncertainty, the article proposes to tackle the problem by
consideringdominancerelationstohandleepistemicuncertaintyintheobjectivefunctions.Further,an
epistemicmulti-objectivelocalsearch-basedapproachisproposedforstudyingthebehaviorofsucha
representationofdemandsonbenchmarkinstancesgeneratedfollowingastandardgeneratoravailable
intheliterature.Finally,theresultsachievedbytheproposedmethodusingepistemicrepresentation
arecomparedtothosereachedbyadeterministicversion.Encouragingresultshavebeenobtained.
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1. INTRODUCTION

Thevehicleroutingproblem(VRP)isoneofthemostimportantproblemsinthefieldofcombinatorial
optimization.Suchaproblemconsistsinservicingasetofcustomers,withknowndemands,bya
numberofvehicles(routes)withlimitedcapacities.Theseroutesstartfromthedepottoserveanumber
ofdispersedcustomersinascatteredarea,thenreturntothedepot.Ontheonehand,theclassical
objectivefunctionistominimizethetotaltraveleddistance,subjecttoanumberofconstraintssuch
asvehiclescapacity(Prins,2004)andtimewindows(Tanetal.,2003).Ontheotherhand,additional
informationscanbeincludedtotheproblem,likethecoordinatesofthedepotandcustomers,the
distancebetweenthemandthevehiclecapacity.

Itiswell-knownthat,inmanyreal-worldapplications,someparameterstendtobeunknownor
uncertaininnature.Makingdecisionsunderuncertaintymaybeencounteredinseveraldomainssuch
astransportation,logistics,telecommunication,reliability,productionmanagement,etc.Moreover,
uncertaintycanbecategorizedintotwodifferenttypes(Oberkampfetal.,2004):randomandepistemic
uncertainties.Generally, therandomuncertainty isobjectiveand itcandirectlyuseavariations’
probabilitydistributionwhiletheepistemicuncertainty,whichissubjective,thereissmallinformation
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onthesevariations.Accordingtotheaforementionedcases,itisdifficulttoobtaintheprobability
distributionsassociatedwithvariationsrelatedtothedemandsusingepistemicuncertainty.Insuch
acase,theuncertaintycanbehandledbyfuzzyorpossibilisticvariables,whereuncertaintycanbe
representedbytheprobabilitytheory(Kolmogorov,1960),fuzzytheory(Zadeh,1965),possibility
theory(Zadeh,1978)orevidencetheory(Dempster,1967andShafer,1976).

Because parameters’ representation varies according to the constraints related to the
applications,avarietyofVRPunderuncertaintyhasbeeninvestigated.Forinstance,(Bansal
etal.,2017)studiedafuzzyVRPwithhardtimeandfuzzyuncertaintydemands.Theproblem
wasformulatedasatwo-stagerecoursemodelwithanobjectiveofminimisingthetotalcostand
maximisingtheobtainedsaleinacompetitiveenvironment.Ithasbeenapproximatelysolved
byanewapproach,wheretherouteisbuiltbyapplyinganantcolonyoptimization.(Chang-
Shietal.,2016)tackledthefuzzyVRPwithuncertaindemands,whereafuzzyconstrained
programmodelwasproposed.Theproposedmodelhasbeensolvedwithahybridantcolony
optimization,wherethetotaltraveltimeisminimized.(Yanetal.,2016)dealtwiththemultiple
timewindowsasfuzzyvariables,whereaparticleswarmoptimizationhasbeenusedtosolve
theproblemwithmultiple fuzzy timewindows. (Yanwenet al., 2016)proposeda solution
methodbaseduponantcolonyoptimizationforsolvingtheVRPwithfuzzyvehicletraveltimes
andservicetimes:suchfuzzydatatimesarerepresentedasfuzzynumbersandinterpretedas
possibilitydistributions.(Yousefietal.,2017)proposedanewmodelforabi-objectiveVRP
withtimewindows,whereuncertaindemandsareconsidered.Theproblemhasbeensolvedby
arevised-multi-choicegoalprogrammingapproach.Apossibilisticprogrammingmethodhas
beenusedtodealwiththeuncertaindata.Finally,(Tavakkoli-Moghaddametal.,2016)tried
tosolvethebi-objectivecapacitatedVRPbyconsideringtwouncertainparameters:retailers’
demandandproducts’ volume.Eachuncertaindemand is expressed as fuzzynumbers and
uncertainvolumeasrobustparameters.

In this paper, each demand is uncertain and may have multiple values. Therefore, each
demandcanbecharacterizedbyan intervalboundedbyboth lower andupper limits (called
beliefandplausibilitymeasures).Infact,aninstanceofthesinglecapacitatedVRPwithtime
windowscontainstwousualobjectivestooptimize:tominimizethetotaltravelcostofallthe
vehiclesandtomaximizethequalityofservice(tardinesswithrespecttotimewindows)related
tothedemands.Herein,themulti-objectivevehicleroutingproblemwithuncertaindemandsis
studied,whereonlythecustomerdemandisuncertainandalltheotherparametersareknown.
Inordertoanalyzetheeffectofsucharepresentation,weproposetoapproximatelysolveitby
usingamulti-objectivelocalsearch-basedapproach,whereappropriatedominancerelationsare
introducedforhandlingepistemicuncertaintyinobjectivefunctions.Sucharepresentationof
thedemandsisalsobasedupontheevidencetheory,wheretheParetodominanceisredefined
overobjectivevectors,asusedin(Limbourg,2005).

Theremainderofpaperisorganizedasfollows.Section2containsseveralparts:Section
2.1describesthemulti-objectivevehicleroutingunderuncertainty;Section2.2discussthe
epistemicuncertaintyusedformodelingtheproblemstudied;Section2.3exposestheformal
multi-objectiveoptimizationmodelwhereasSection2.4 indicates itsadaptation for thebi-
objectiveversionoftheproblemand,Section2.5describestherepresentationofParetosolutions
followingtheepistemicuncertaintyandthedegreeofpertinencethatcanbeusedforcomparing
solutions.Section3presentsafirsttentativemulti-objectivelocalsearch-basedapproachfor
studyingthebehaviorofsuchrepresentationofdemandsonbenchmarkinstancesgenerated
followingastandardgeneratoravailableintheliterature.Section4evaluatesthepertinence
oftheepistemicuncertaintyusedfortheproblemstudied.Finally,Section5summarizesthe
contributionofthepaper.
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