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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.



 

 

21 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/a-comparative-study-of-two-models-for-

handling-transportation-cost-in-combinatorial-

auctions/258563

Related Content

An Imperfect Inventory Model for Multi-Warehouses Under Different Discount

Policies With Shortages
Aastha Panwar, Sarla Pareek, Vinti Dhakaand Mandeep Mittal (2022). International

Journal of Decision Support System Technology (pp. 1-15).

www.irma-international.org/article/an-imperfect-inventory-model-for-multi-warehouses-under-

different-discount-policies-with-shortages/302646

Corporate Social Responsibility as an Organizational Tool for Competitive

Advantage
Edwin Agwu (2021). International Journal of Strategic Decision Sciences (pp. 37-51).

www.irma-international.org/article/corporate-social-responsibility-as-an-organizational-tool-for-

competitive-advantage/294008

From Human Decision Making to DMSS Architecture
Jean-Charles Pomeroland Frederic Adam (2003). Decision-Making Support Systems:

Achievements and Challenges for the New Decade  (pp. 40-70).

www.irma-international.org/chapter/human-decision-making-dmss-architecture/8061

Critical Factors in the Development of Executive Systems-Leveraging the

Dashboard Approach
Frederic Adamand Jean-Charles Pomeral (2003). Decision-Making Support Systems:

Achievements and Challenges for the New Decade  (pp. 305-330).

www.irma-international.org/chapter/critical-factors-development-executive-systems/8076

Quantitative Approaches to Representing the Value of Information within the

Intelligence Cycle
Christopher M. Smith, William T. Scherer, Andrew Toddand Daniel T. Maxwell (2015).

International Journal of Strategic Decision Sciences (pp. 1-21).

www.irma-international.org/article/quantitative-approaches-to-representing-the-value-of-

information-within-the-intelligence-cycle/143199

http://www.igi-global.com/article/a-comparative-study-of-two-models-for-handling-transportation-cost-in-combinatorial-auctions/258563
http://www.igi-global.com/article/a-comparative-study-of-two-models-for-handling-transportation-cost-in-combinatorial-auctions/258563
http://www.igi-global.com/article/a-comparative-study-of-two-models-for-handling-transportation-cost-in-combinatorial-auctions/258563
http://www.igi-global.com/article/a-comparative-study-of-two-models-for-handling-transportation-cost-in-combinatorial-auctions/258563
http://www.irma-international.org/article/an-imperfect-inventory-model-for-multi-warehouses-under-different-discount-policies-with-shortages/302646
http://www.irma-international.org/article/an-imperfect-inventory-model-for-multi-warehouses-under-different-discount-policies-with-shortages/302646
http://www.irma-international.org/article/corporate-social-responsibility-as-an-organizational-tool-for-competitive-advantage/294008
http://www.irma-international.org/article/corporate-social-responsibility-as-an-organizational-tool-for-competitive-advantage/294008
http://www.irma-international.org/chapter/human-decision-making-dmss-architecture/8061
http://www.irma-international.org/chapter/critical-factors-development-executive-systems/8076
http://www.irma-international.org/article/quantitative-approaches-to-representing-the-value-of-information-within-the-intelligence-cycle/143199
http://www.irma-international.org/article/quantitative-approaches-to-representing-the-value-of-information-within-the-intelligence-cycle/143199

