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ABSTRACT

Transportationcostsconstituteanimportantpartinprovidingservicesandgoodstocustomers.Howto
reducetransportationcostshasasignificantinfluenceoncompetitiveadvantageofcarriers.Although
alotofvehicleroutingproblems(VRP)andtheirvariantshavebeenextensivelystudiedtoreduce
transportationcostsviaoptimizationofvehicleroutes,littleresearchfocusesonhowtoachievelower
transportationcoststhroughcooperationofcarrierswhilefulfillingcustomerrequests.Thisarticleaims
todevelopadecisionsupportframeworktofacilitatecooperationofcarrierstoreducetransportation
costsfurtherbasedoninformationsharing,clusteringrequests,swarmintelligence,andtheShapley
valuecostallocationscheme.Twodecisionmodelsfortwocarriersarecompared:onereflectingthe
scenariowithoutcooperationbetweenthetwocarriersandtheotheronereflectingthescenariowith
cooperationbetweenthetwocarriers.Thesimulationresultsindicatethattheswarmintelligenceand
Shapleyvaluebasedcooperativedecisionmodeloutperformsthatoftheindependentdecisionmodel.
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1. INTRoDUCTIoN

Transportationisanimportantpartofcarriersasitimposesconsiderablecostonprovidinggoods
and has a significant influence on their competitive advantage. How to reduce transportation
costsisanimportantissueinimprovingtheprofitofcarriers.Vehicleroutingisacriticalfactorin
reducingtransportationcosts.Findingoptimalvehicleroutesoffersgreatpotentialtoefficiently
managefleets,reducecostsandimproveservicequality.Aneffectiveschemetomanagefleets
and determine vehicle routes for delivering goods is important for carriers to survive. In the
existingliterature,avarietyofvehicleroutingproblems(VRP)havebeenstudiedextensively.The
classicalVRPcanbedefinedasthedeterminationofanoptimalsetofroutesforafleetofvehicles
toserveasetofcustomers(Dantzig&Ramser,1959).VRPisNP-hardandthereforeheuristic
algorithmsarerequiredfortacklingreal-lifeinstances(Toth,Vigo,1998).EarliersurveysonVRP
canbefoundin(Laporteetal.2000)and(Christofidesetal.1979).Severalmethodstosolvethe
classical VRP include the constructive heuristics proposed by Clarke and Wright (Clarke and
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Wright,1964),generalizedsavingsapproachproposedbyMoleandJameson(Mole&Jamson,
1976),andthesweepalgorithmproposedbyGillettandMiller(GillettandMiller,1974).Two
earliersurveysforthisveryactiveresearchareaareprovidedbyGendreauetal.(Gendreauetal.
1998)andbyGoldenetal.(Goldenetal.1998).FollowingthedevelopmentoftheclassicalVRP,
severalvariantsofVRPhavebeenstudied(Cascoetal.1988;Gendreauetal.1996;Goetschalckx&
Jacobs-Blecha,1989;Kalantarietal.1985;Vigo&Toth,1997;Thangiahetal.1996;Savelsbergh,
1985;Goksaletal.2013;Chen&Wu,2006;Salhi&Nagy1999).ForarecentsurveyofVRP,
pleasereferto(Adewumi&Adeleke,2016)and(Ritzingeretal.2016).AlthoughVRPhasbeen
extensivelystudied,moststudiesfocusonVRPoritsvariantsforonesinglecarrier.Howtocut
downtransportationcostthroughcooperationofcarrierswhilefulfillingthecustomers’requests
isaninterestingandimportantissue.

There are several studies that address the issue on cooperation of freight carriers. In
(Krajewska&Kopfer,2006),KrajewskaandKopferobservedthat increasedcompetitiveness
throughcost reductioncanbeachieved if freightcarrierscooperate inorder tobalance their
requestportfolios.Theypresentedamodelforcollaborationamongindependentfreightforwarding
entities.Participationinsuchcoalitionscanbenefittheentirecoalitionaswellaseachparticipant
individually.Themodelforcollaborationpresentedin(Krajewska&Kopfer,2006)isbasedon
theoretical foundations in thefieldofcombinatorialauctions,operational researchandgame
theory.Theworkpresentedin(Krajewskaetal.2008)combinesfeaturesofroutingandscheduling
problemsandcooperativegametheory.Akeyquestionishowthetotalcostorsavingsshould
bedistributedamongtheparticipants.Krajewskaetal.analyzetheprofitmarginsresultingfrom
horizontalcooperationamongfreightcarriersanddiscussedthepossibilitiesofsharingthese
profitmarginsfairlyamongthepartners.In(Dahl&Derigs,2011),DahlandDerigsmentioned
that forcooperation, thepartnershave to face twoproblems: (1)anoptimizationproblem to
achievespecificconsolidationpotentialsthroughorderexchange,and(2)theproblemtofinda
faircost/profitallocationschemafororderexchanges.In(Juanetal.2014),(Pérez-Bernabeuet
al.2014),Juanetal.studiedhowtwoormorecompaniescancooperateinhorizontalcooperation
in logistics tominimizeglobaldistributioncosts includingsavings inroutingcostsandCO2
emissionscosts.Thetopicofhorizontalcooperationisgainingmomentuminthetransportand
logisticssectors.Collaborationintransportationbetweentwoormoreagentsisbecomingan
importantapproachtofindefficientsolutionsorplans.Cruijssenetal.presentedabroadreview
ofhorizontalcooperationintransportandlogistics(Cruijssenetal.2007).Paper(Guajardoa
andRonnqvist,2016)providesasurveyoncostallocationmethodsfoundintheliteratureon
collaborativetransportation,includingproblemsonplanning,vehiclerouting,travelingsalesman,
distribution,andinventory.Inpaper(Frisk2010),theauthorsinvestigateanumberofsharing
mechanismsbasedoneconomicmodelsandproposeanewallocationmethodwiththeaimthat
relativeprofitsoftheparticipantsareasequalaspossible.Althoughthestudiesmentionedabove
haveshedlightonseveralresearchissuesrelevanttocooperationofcarriers,therestilllacks
astudytosupportandevaluatethebenefitsofcooperationbasedonthedistributionofdepots
andcustomers’requests.

Motivatedbythedeficiencyofthisresearchdirection,thispaperaimstostudyandevaluatethe
effectivenessofcooperationbetweencarriersbasedoninformationsharing.Thegoalofthispaper
istodevelopaframeworkandasolutionalgorithmtoassessthebenefitsofcooperationbetween
carriers,supporttheirdecisionsandallocatecostreductiontocarriers.

Theremainderofthispaperisorganizedasfollows.Section2brieflyintroducesthebackgroundof
thisstudy.Section3introducesthetwodecisionmodels.Section4describestheproblemformulation
forasinglecarrierandproposeourproblemformulation.Section5presentsthediscreteparticleswarm
optimizationmethod.Section6detailstheclusteringmethodandcostallocationscheme.Section7
presentsexperimentsbasedonnumericalexamples.Section8concludesthispaper.
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