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A Comparative Study of Two Models 
for Handling Transportation Cost 
in Combinatorial Auctions
Fu-Shiung Hsieh, Chaoyang University of Technology, Taiwan

ABSTRACT

Althoughcombinatorialauctionshavebeenextensivelystudied,thefactoroftransportationcosthas
notbeenconsideredinmoststudies.Withoutconsideringtransportationcost,theprofitsoftheseller
cannotbedeterminedaccurately.Thegoalsofthisarticlearetoproposemodels,developasolution
methodologyforthewinnerdeterminationproblem(WDP)incombinatorialauctionsandstudythe
effectsoftransportationcostontheseller’sprofits.Twomodelsareproposed:onemodelconsiders
transportationcostinWDPwhereastheotheronedoesnottaketransportationcostintoaccountin
WDPbutcalculatesthetransportationcostbasedonthesolutionobtained.Theauthorformulatesthe
WDPsforthesetwomodelsandproposesasolutionmethod.Theauthorthenanalyzesandcompares
thetwomodelstoillustratetheadvantageoftakingtransportationcostintoaccountincombinatorial
auctions.Finally,theauthorstudiestheinfluenceoftransportationcostoncombinatorialauctions
byexamplesanddemonstrateeffectivenessofourapproach.
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1. INTRoDUCTIoN

Oneoftherecenttrendsinthedevelopmentofauctionmechanismsiscombinatorialauctions.In
combinatorialauctions,bidderscanplacebidsonacombinationofgoodsaccording topersonal
preferencesratherthanjustindividualitems.Itisbeneficialtoadoptcombinatorialauctionmodelif
complementaritiesexistbetweentheitemstobeauctioned.Therearemanywell-knowncombinatorial
auctionexamples,includingtheauctioningofFederalCommunicationsCommission’sradiospectrum
licenses,thesalesofairporttimeslots,allocationofdeliveryroutes,carpoolandtradinggoods(de
Vries&Vohra2003;Rassentietal.1982;Zhang,etal.2019;Hsieh&Guo2019;Hsiehetal.2019).
Forexample,applicationofcombinatorialauctionsincarpoolingsystemscanbefoundin(Hsiehet
al.2019).Combinatorialdoubleauctionsalsoprovideanefficientmechanismtotradegoodsinan
electronicmarketplace(Hsieh&Guo2019).Combinatorialauctionshavebeenextensivelystudied
(Abracheetal.2004;Catalánetal.2009;Harshaetal.2010;Leskeläetal.2007;Meeusetal.2009;
Özer&Özturan2009;Peruginietal.2005;Sandholm,2000;Yangetal.2009).Anexcellentsurvey
oncombinatorialauctionscanbe found in thepapersofdeVries&Vohra (2003)andPekeč&
Rothkopf(2003).

Combinatorial auctions can improve the efficiency of trading goods between buyers and
sellers.However,thewinnerdeterminationproblem(WDP)isnotoriouslydifficulttosolvefroma
computationalpointofview(Rothkopfetal.,1998),(Xiaetal.,2005)duetotheexponentialgrowth
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ofthenumberofcombinations.Thecombinatorialauctionproblemcanbemodelledasasetpacking
problem(SPP)(Anderssonetal.,2000),(Fujishima,1999),(HoosandBoutilier,2000),(Vemuganti,
1998),(Xiaetal.,2005).Sandholmmentionedthatdeterminingthewinnerssoastomaximizerevenue
incombinatorialauctionisNP-complete(Sandholm,1999),(Sandholm,2000),(Sandholm,2002).
Manyalgorithmshavebeendevelopedforcombinatorialauctionproblems.Exactalgorithmshave
beendevelopedfortheSPPproblem,includingiterativedeepeningA*search(Sandholm,2000)and
thedirectapplicationofavailableCPLEXIPsolver(Anderssonetal.,2000).GonenandLehmann
proposedbranchandboundheuristics for findingoptimal solutions formulti-unit combinatorial
auctions(GonenandLehmann,2000).JonesandKoehlerstudiedcombinatorialauctionsusingrule-
basedbids(JonesandKoehler,2002).In(Guoetal.,2005;Hsieh&Lin,2012;Hsieh&Liao,2015a;
Hsieh&Liao,2015b), theauthorsproposedaLagrangianheuristicandaLagrangian relaxation
approach(Fisher,2004)forcombinatorialauctionsandcombinatorialreverseauctions,respectively.

Althoughcombinatorialauctionshavebeenextensivelystudied,thefactoroftransportationcost
fordeliveringgoodsfromthesellertothewinners(buyers)islargelyignoredinmostexistingliterature
withtheexceptionof(Hsieh&Wu,2014)and(Hsieh&Wu,2015),whichconsiderthefactorof
transportationcostincombinatorialauctions.Thefactthattransportationcostmayhaveimpacton
thedeterminationofwinnersincombinatorialauctionscanbeillustratedbyasimpleexample.For
example,supposeinacombinatorialauctionwithtwobuyers,B1andB2andoneseller,S1.Suppose
buyersB1andB2andplacetwobidsonallthebundleofitemssuppliedbyS1withdifferentbid
price,sayp1andp2.Supposethetransportationcostfordeliveringtheitemstob1andb2ist1andt2,
respectively.Supposep1>p2andp1-t1<p2-t2.Iftransportationcostisnottakenintoconsideration,
thewinnerwillbeB1.Iftransportationcostistakenintoconsideration,thewinnerswillbeB2.This
simpleexampleindicatesthattransportationcostmayinfluencethedecision.

In(HsiehandWu,2015),HsiehandWustudiedtheeffectsontransportationcostonthesurplus
ofthesellerbyproposingtwomodels:(1)Model1,whichconsiderstransportationcostindetermining
thewinners;(2)Model2,whichdoesnottaketransportationcostintoaccountindeterminingwinners
butcalculatesthetransportationcostbasedonthesolutionobtained.ForbothModel1andModel
2,itisconsideredthatthereareanumberofbuyersandasellerinacombinatorialauction.Each
buyerplacesbidsbasedontherequireditems(goods)tobepurchased.Goodsarenon-dividable.It
isassumedthatalltheparticipantstelltruth.Thetransportationfeefordeliveringgoodsfromthe
sellertothewinner(s)ispaidbytheseller.ThesurplusofModel1asthedifferencebetweenbuyers’
totalpaymentandthetransportationcost.FortheWDPofModel1,theobjectiveistomaximize
totalsurpluswhiledeterminingwinners.For theWDPofModel2, theobjectiveis tomaximize
totalpaymentofthewinnerswhiledeterminingwinners.In(HsiehandWu,2015),HsiehandWu
compared the performance of Model 1 and Model 2 by an example. However, no property and
theoreticalanalysis/proofhavebeengivenin(HsiehandWu,2015)tocharacterizetheinfluenceof
transportationoncombinatorialauctionsbyshowingthatModel1ismoreeffectivethanModel2.

Motivatedbythediscussionabove,thispaperaimstoproposeadecisionsupportmodelthat
considerstransportationcostincombinatorialauctionsanddevelopamethodologytocharacterize
theinfluenceoftransportationcostoncombinatorialauctionsbyextendingandanalyzingModel1
andModel2proposedin(Hsieh&Wu,2015).TheModel1andModel2proposedinthispaperare
extendedbyconsideringtransactionfee,whichisnotconsideredintheworksof(Hsieh&Wu,2014)
and(Hsieh&Wu,2015).Inthispaper,twoimportantpropertieswillbeestablishedtocharacterizethe
influenceoftransportationoncombinatorialauctionsbasedontheoreticalanalysistocompareModel
1andModel2.Thesetwopropertiesdifferentiatethispaperfromtheresultspresentedin(Hsieh&
Wu,2014)and(Hsieh&Wu,2015).Inaddition,thispapersignificantlyextendsthestudyof(Hsieh
&Wu,2014)byacomparativestudyofModel1andModel2basedontheoreticalanalysisand
numericalresultstoillustratethebenefitsofconsideringtransportationcostincombinatorialauctions.
Thispaperisalsodifferentfromthepreviousresultsreportedin(Hsieh&Lin,2012;Hsieh&Liao,
2015a;HsiehandLiao,2015b)oncombinatorialreverseauctionsandcombinatorialdoubleauctions.
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