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Preface



Promotingbusinessprocessimprovementthroughinventorycontroltechniquesisacriticalcomponent
tothesuccessandoverallfinancialwell-beingofanorganization.Throughtheapplicationofinnovative
practicesandtechnology,businessesarenowabletoeffectivelymonitortheiroperationsandmanage
theirinventorybyevaluatingsalespatternsandcustomerpreferences.

Webelievethatthisbookwillbeapioneeringtextbookfocusingontheresearchintheinventory
controlandmanagement.Itfeaturesdiverseperspectivesontheimplementationofvariousoptimiza-
tiontechniques,fuzzysystem,geneticalgorithms,anddataminingconcepts,aswellasresearchonbig
dataapplicationsforinventorymanagement.Thispublicationisacomprehensivereferencesourcefor
practitioners,educators,andresearchersinthefieldsoflogistics,supplychainmanagement,operations
management,andretailmanagement.Itisorganizedinsuchawaythatitisstartingfromdeterministic
inventorymodelsandmovetowardsadvanceinventorymodels.Weareverypleasedtoseethatthis
bookhasgeneratedalotofimportantinsightsandnewresearchresultsontheinventorycontroland
managementrelatedproblems.

Chapter1isformulationofmathematicalformulationsofoptimalreplenishmentpoliciesforitems
withtrapezoidaldemandrate.InChapter2,realisticscenarioisanalyzed.Intoday’scompetitiveand
globalbusinessscenariothereisalwaysaracetoboostdemandofyourproductoverothers.Thiscan
beachievedbydifferentmeansandallowingpermissibledelayinpaymentsisoneofthem.Researchers
haveproposednumberofinventorymodelswithtradecreditthatactuallyhelptounderstandeffectof
tradecreditontotalprofitandoveralldemand.Thismodelcanbeappliedtoahugerangeofproducts
like readymade garments, fashion accessories, electronics, furniture and home furnishing products.
Chapter3dealswithboostingthesale.Forthispurposetheygenerallyallowcreditperiod.Here,an
inventorymodelisformulatedinwhichsuppliergivescreditperiodtoretailerandtoincreasethesale,
retailerpassesittoendcustomers.Thisphenomenonisknownastwoleveltradecredits.Byallowing
creditperiodwemayencounterwiththeissueofdefaultriskwhichhasbeentakencareofwhilecalcu-
latingprofitfunctionforthesystem.Alsoeachandeveryinventoryproductgetsdeterioratedoverthe
timeasperitsnatureandsuchdeterioratingproductshaveitsmaximumlifetimeaswell.InChapter
4,theproblemofdeterminingtheoptimalsellingpriceandlotsizeforaninventorysystemwithnon-
instantaneousdeterioratingitemisconsideredinthischapter.Inordertoprovidegeneralframework,
thepricingandlotsizingproblemismodeledassumingageneralpriceandtimedependentdemand
functionbyallowingshortages.Themodelallowsforbackloggingofdemandwhichischaracterized
bydecreasingfunctionofwaitingtime.Astheprobleminvolvesrevenueandcosts,anaturalobjective
functionforthemodelisprofitperperiod.Chapter5isaboutanintegratedmodelofsupplychainwhere

xxiv



Preface

unitsininventoryaresubjectedtotimedependentdeteriorationanddemandisinverselyproportional
tosellingpriceoftheitem,itisassumedsellingpricedependent.Delayonpaymentsisofferedonlyon
purchaseofacertainamountofquantity.

InChapter6,thepracticalobservationofretailindustrieseveryorderedlotcarrysomefractionof
imperfectqualityitemswhichcanvarydependinguponproductionandhandlingconditions.Thesitu-
ationisevenmoresubtlewhentheitemsarepronetodeterioration.However,aninspectionprocess
canspareus fromsuchacriticalitybybifurcating thedefectives fromthegoodquality lot.Thus,a
screeningprocessismandatory.TheChapter7dealswithoptimaldynamicpricingandorderingfor
itemswithsynchronizeddeteriorationofqualityandphysicalquantity.Qualitativedeteriorationisan
instantaneousprocesswhilephysicaldeterioration-anon-instantaneousprocess.Thedynamicnatureof
theproblem,sellingpriceisassumedtobeatime-dependentfunctionoftheinitialpriceanddiscount
rate.Initiallywithnophysicaldeterioration,theproductissoldatinitialpricevalueinthetimeperiod,
successivelyinordertoenhancecustomer’sdemand,priceisexponentiallydiscounted.InChapter8,
inventorycontrolsystemofnon-instantaneousdeterioratingitemwithmaximumfixedlife-timeand
twotieredpricingpolicyisadopted.Thesellingpricesofproductforthenon-deterioratingperiodand
thedeterioratingperiodaredifferent.Demandisafunctionoftimeandtwotieredsellingpriceswhich
ismoresuitableforfoodindustry.Intheformer,weconsidertheconceptofpreservationtechnology
investmenttopreservetheproductandreducedeteriorationrateintheinventorysystemwhendeteriora-
tionstart.Chapter9dealswithsupplychaininventorymodelisformulatedwithforthedemandwhich
increaseslinearlyforsometimeswhenaproductislaunchedandwhenwithnewsubstituteavailable
demanddecreasesexponentially.Theinventoryofeveryplayerissubjecttodeteriorateafterafixed
lifetime.Chapter10focusesonuncooperativesupplychaininventorymodelswhenasupplieroffersa
creditperiodtotheretailerforafixedperiodoftime.ThemodelsarestudiedwithtradecreditinNash
gameandSupplier-Stackelberggamerespectively.First,theauthorshavepresentedoptimalresultsfor
centralizedanddecentralizeddecisionswithsellingpricedependentdemandandwithouttradecredit.
Second,theauthorshaveobtainedoptimalresultsunderthetwogamesusingclassicaloptimization.

Chapter11considersasupplychainforasinglesuppliertotworetailers.Chapter12isaboutthe
formulationofaninventorymodelofsupplierandretailer.Inpractice,suppliersandretailersdonotopt
tohavecollaborationandtheytrytooptimizetheirowndecisionsowedevelopaStackelbergGame
model.Twomodelsaredevelopedwhereinthefirstmodelsupplieractsastheleaderandinthesecond
model,theretaileractsaleader.Sincethemodelsarecomplex,ahybridGeneticAlgorithm(GA)and
ParticleSwarmOptimization(PSO)isdevelopedtosolvethemodel.TheresultsshowthataStackelberg
Gamemodelforprogressivepermissibledelayofpaymentissensitiveinvariesvaluesofthefirstand
seconddelayinterestrateifsupplieractsasaleader.Theretailergetslessinventorycostwhenheacts
asaleadercomparedtowhenvendoractsaleaderathighinterestrateofthefirstandseconddelay
period.Chapter13considerssupplychainmodelforimperfectqualityitemsinwhichretailpriceofthe
buyerinfluencethedemandoftheproduct.Theselleroffersfixcreditperiodtothebuyertostimulate
hissales.Inspectionprocessatthebuyer’sendisassumed.Afterinspectionprocess,itemsaresepa-
ratedintwoparts,perfectitemsandimperfectitems.Theperfectqualityitemsaresoldatsellingprice
andtheimperfectitemsaresoldatadiscountedpriceimmediatelyaftertheinspectionprocess.The
creditperiodofferedbythesellerandsellingpricebothareconsideredasadecisionvariable.Relation-
shipbetween seller andbuyer is derivedby thenon-cooperative sellerStackelberggameapproach.
Chapter14assumesfuzzydemandrate,deteriorationrateandinspectionparameterofnon-defective
parameterbasedonastriangularfuzzynumberstofittherealword.Thetotalfuzzycostfunctionhas
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beendefuzzifiedusingsigneddistanceandcentroidmethod.Chapter15isaboutacoordinatedsingle-
manufacturerandmultipleheterogeneousbuyersinventorymodelunderfuzzydemandisdeveloped.
Here two cases are considered: (1) ex-site delivery case considers manufacturer dominance where
manufacturerproduceitemsanddeliverstothegroupofheterogeneousbuyersatcommonreplenishment
timethroughcommonshipment,(2)ex-factorydeliverycaseconsidersbuyer’sdominance.Fuzzyset
theoryisusedtohandletheuncertaintyinthedemandvariable.Themodelisanalyzedusingtriangular
membershipfunction.InChapter16,thebasicassumptionofanEOQmodelisthat100%ofitemsin
anorderedlotareperfectisrelaxed.Thisassumptionisnotalwayspertinentforproductionprocesses
becauseofprocessdeteriorationorotherfactors.Dataminingisatechniquetoidentifyvalidnovel,
potentiallyuseful,andunderstandablecorrelationsandpatternsinexistingdata.Dataminingtechniques,
suchasclustering,associationrulemining,classification,andsequentialpatternmining,haveattracted
agreatdealofattentionintheinformationindustryandinsocietyasawholeinrecentyears.Some
researchstudieshavealsoextendedtheusageofthisconceptininventorymanagement.Yet,notmany
researchstudieshaveconsideredtheapplicationofdataminingapproachondeterminingbothoptimal
orderquantityandlossprofitoffrequentitems.Thishelpsinventorymanagertodetermineoptimum
orderquantityoffrequentitemstogetherwiththemostprofitableitemforoptimalinventorycontrol.In
Chapter17,twodifferentcasesfordeterminingorderingpolicyandinventoryclassificationbasedon
lossrulearepresented.Anexampleisillustratedtovalidatetheresults.InChapter19,theintegrated
marketing-productionplanningproblemandproposeanoptimalcontrolapproachtoderivetheoptimal
solution.Thestatevariablesaretheinventorylevelandthestockofgoodwillandthecontrolvariables
aretheproductionrateandtheadvertisingrate.Bothcaseswherethefirmadoptsacontinuous-review
andaperiodic-reviewpolicyareconsidered.Theoptimalstatesandcontrolsareobtainedexplicitly.In
everyproductionsystem,malfunctioningorbreakdownduringrun timecan incurheavy loss to the
organization,toovercomesuchasituationitiscrucialtousemaintenanceactionswhichcanbeeither
correctiveorpreventivedependingupontheconditionofthesystem.Also,warrantypolicyisexten-
sivelyusedworld-widetoincreasecustomerconfidenceintheproductandtoupliftsales.Onaccount
ofthis,Chapter20presentsaproblemofamanufacturerdealingwithanimperfectproductionsystem
consideringmaintenanceactionsandwarrantypolicybytradingoffthereworkcost,holdingcost,war-
rantycostandcorrective/preventivemaintenancecostsoastominimizethemanufacturer’stotalcost.
Customer’saimistoobtaingoodqualityproductswithlesseffort.Thepreferenceofonlinesellingis
veryhighcomparetoofflineselling.Adualchannelsupplychainmodelisintroducedtocontrolthe
qualityofproductswithmoreprofitusingbuybackcontractbyreducinglostsalecosts.Manufacturer
sellsproductthroughretailande-tailchannel,i.e.,bydualchannel.Demandofproductsdependson
e-tailprice,retailprice,demandsensitivity,advertisementofretailchannel,servicelevelofe-tailchan-
nel,anddeliverycoste-tailchannel.Thisdeliverycosthasinverseimpactondemandofe-tailchain.
Chapter21findsthemaximumprofitforeachcaseandcomparesresultswhenadvertisementandservice
levelarenotpresentinsupplychain.ThemodelissolvedforcentralizedanddecentralizedwaysforRC
(retailchannel)usingStackelberggamepolicy,EC(e-tailchannel),andDC(dualchannel).Companies
thathavebeenfollowingtheinnovationmantrahavealsounderstoodtheimportanceofcomingupwith
successivegenerationsfortheirofferings.Continuousenhancementofexistingtechnologiesoremergence
ofnewtechnologieshasmadethisimprovementpossible.Intoday’snecktoneckcompetitiveenviron-
mentfirmsintroducetheirproductsinmorethanonemarketsoastowidentheirspectrumofvisibility
andavailability.Thishasallowedcustomerstoavailthefacilityfrommorethanoneplace(segment)
simultaneously.Chapter22dealswithmathematicalframeworktocapturetheimpactofmulti-generations
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on multiple markets and vice-versa. Further, consideration of cross-generation shifting makes our
analysismorecomprehensive.Thepresenceandmanagementofinventoriesintheindustrialfieldcan
beseenfromdifferentperspectives,startingfromtheinformationthatcanbesharedalongthesupply
chaintotheenvironmentaleffectandcostsofcarbonemissionsandevenincorporating,inadditionto
environmentalaspects,thequalityandpassingbythebullwhipeffectandtheanalysisofmultiplelevels
inthesupplychain.Orbytheeffectofthefourseasonsandthedeteriorationoftheproducts,bythe
impactoftherestrictionsofthecarbonfootprintintheinventorymanagement,bythetimeofleadtime
andabettercustomerservice.Butingeneral,whenthereappeartheseproblemscausedbyregulations
ofthestate,isunderuncertainscenarios,forwhichthedecisionmakingisusuallyunderriskandeven
worse,underuncertainty.Amodelthatcanhelpsolveproblemsofdecisionmakingunderuncertainty
isTheAmplitudeModel(TAM[EMA]).Therefore,withrespecttothiswork,itwillalsousetheMoLo-
BaC,butnotthroughindependentpositions,butthatwillbeuseoneoftheirareas,Inventories.Andon
theotherhandthealternativeswillbeanalyzedfromthepointofviewoftheproblemsofdecisionmak-
ingunderuncertainty.SpecificallybeusedTAM.FromtheabovethegeneralobjectiveoftheChapter
23:MakeuseoftheInventoriesarea,oftheLogisticsModelBasedonPositionsandwithTheAmplitude
Model,toanalyzethepossibleactionstotake,toconfronttheconsequencesoftherestrictionsimposed
bythestate,whichaffecttheinventorycontrol.Fromthisgeneralobjectivethreespecificobjectives
arise:ItshowsinwhichtheMoLoBaCInventoryareaconsists,withemphasisononeofthepositions
thatintegrateit,theSpareandEquipmentmanager(SEM).ExplainTheAmplitudeModelthroughits
parametersandcharacteristics.ApplyTAMtoguidethedecisionstobetaken,whenanorganizationis
affectedbyitscontrolofinventories,asaproductofmeasurestakenbythestate.Chapter24exhibits
reviewarticle.Inventoryandsupplychainmanagementisarealconcernforbusinesscommunityin
today’sgloballycompetitivescenario.Variousinventorymodelsareproposed,significantparameters
areanalysedandfinallyoptimizedbyresearchersinordertogivemanagersaninsightforthedifferent
parameters.Mathematicalandlogicalanalysisofdifferent inventoryandsupplychainmodelshelps
mangers in overall cost reduction and further higher revenue generation. Members often encounter
conflictinginterestandunforeseenscenario.So,allthismakesupplychainverycomplexanddynamic
process.Complexanduncertainnatureofinventoryandsupplychain,manytimeseitheritisnotfea-
sibletosolvetheissuewithtraditionalmethodsoritisnotcosteffective.Thusmanyresearchersare
usingartificialintelligenceapproachforinvestigation.Geneticalgorithmisoneamongthemthatworks
efficientlywithcomplexnatureoftheinventoryandsupplychainmanagement.Thischapterprovides
anuptodatereviewabouttheroleofGAinoverallinventoryandsupplychainmanagement.Fuzzy
systemwasalteredfroma‘buzzword’toanimportanttechnologicalarea,withvariouspublicationsin
internationalconferencesandtransactions.SeveralJapaneseproductsapplyingfuzzylogicconcepts,
suchashouseholdappliancesandelectronicequipment,powerengineering,robotics,andoptimization
havebeenmanufactured.Thissystemiscapabletoprocessandlearnmathematicaldataaswellaslin-
guisticdata.Fuzzysystemuseslinguisticexplanationsforthevariablesandlinguisticproceduresforthe
I/P-O/Pbehavior.Inthischapter,presenttheapplicationoffuzzysystemwithdatamining,neuralnet-
works,fuzzyautomata,andgeneticalgorithms.ItalsopresentsthefoundationoffuzzydataMining,
with the fuzzification inference procedure and defuzzification procedure, fuzzy systems and neural
networkswithfeedforwardneuralnetwork,FNNwithitfeaturesgeneralizationofFuzzyAutomata,and
sixthfuzzysystemsandgeneticalgorithms.TheChapter25exploresapopularfuzzysystemmodelto
showcomplexsystemsandanapplicationoffuzzysystem.Apragmaticinnovationdiffusionmodelis
proposed in the present Chapter 26 that interpolates stochasticity in the logistic formulation of the
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widely-acknowledgedBassmodelwithdynamicmarketsize.Theseirregularchangesarecauseddueto
uncertaintyattachedtothesocioeconomicandpoliticalenvironmentinwhichaninnovationispositioned
thataffectstheactionofpotentialadoptersleadingtotheirnon-uniformbehavior.Theaimofthecurrent
studyistofindtheanalyticalsolutionforthetwodynamicmarketexpansionstructures,namely,linear
andexponentialunder the influenceof irregular fluctuationswhoseclosed-formsolutionswerenot
possibleintheexistingliterature.Inadditiontothechangeablemarketsize,theproposedinnovation
diffusionalsoincorporatestheconceptofrepeatpurchase.Theanticipatedstochasticdifferentialequa-
tionbasednewproductdiffusionmodelisthenexpoundedmethodicallyusingtheItôprocessandItô’s
integralequation.Further,themodelhasbeenusedtostudythegrowthpatternofdifferentconsumer
durableproducts.Dataminingdiscoverstheknowledgeandpatternswhicharepotentiallyusefuland
previouslyunknown.Utilityminingisoneoftherecentemergingfieldsindatamining.Itincorporates
usefulnessoftheknowledgeorpatternretrieved.Suchusefulnessoftheknowledgeretrievedistermed
asutility.Inretailindustry,utilityminingcanbeusedtoretrievehighlyprofitableproductinamarket.
Identifyingsuchprofitableproductshelpsinbetterdecisionininventorymanagement.Chapter27dis-
cusseshowutilityminingconceptscanbeimplementedininventorycontrol.

Chapter29focusesonincorporatingdependencyfactortooptimalsparepartsgrouping,spareparts
groupprediction,determiningoptimalstocklevels,andjointreplenishmentofspareparts.Wedescribe
differentareasofavailableliteratureindifferentsectionssuchasdataminingstudiesrelatedtoitem
dependency,sparepartsclassificationandgrouping,maintenanceintervalpredictionstudies,spareparts
inventorycontrol,jointreplenishmentstudiesandinventorycontrolstudieswithcorrelateddemand.To
definehugedatasets,thetermofbigdataisused.Theconsidered“4V”datasetsimplyvolume,variety,
velocityandvalueformanyareasespeciallyinmedicalimages,electronicmedicalrecords(EMR)and
biometricsdata.Toprocessandmanagesuchdatasetsatstorage,analysisandvisualizationstatesare
challengingprocesses.Recentimprovementsincommunicationandtransmissiontechnologiesprovide
efficientsolutions.Bigdatasolutionsshouldbemultithreadedanddataaccessapproachesshouldbe
tailoredtobigamountsofsemi-structured/unstructureddata.Softwareprogrammingframeworkswith
adistributedfilesystem(DFS)thatownsmoreunitscomparedwiththediskblocksinanoperating
systemtomultithreadcomputingtaskareutilizedtocopewiththesedifficulties.Hugedatasetsindata
storageandanalysisofhealthcareindustryneednewsolutionsbecauseoldfashionedandtraditional
analytictoolsbecomeuseless.

Wewouldlikethankalltheauthorswhohavecontributedtheirinterestingresearcharticlestothisbook.
Weareindebtedtotheanonymousreviewerswhoreviewedthemanuscriptsandprovideduswithvery
constructiveandtimelyreviewcomments.Lastbutnotleast,wearegratefultoourfamily,colleagues,
andstudents,whohavebeensupportingusduringthedevelopmentofthisimportantresearchbook.
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ABSTRACT

Supplier has many schemes to motivate retailer to buy more and of them one is a progressive permissible 
delay of payment. Instead of analyst from the retailer side alone, in this chapter, we develop the inven-
tory model of supplier and retailer. In reality, some suppliers and retailers cannot have collaboration 
and they try to optimize their own decision so we develop a Stackelberg Game model. Two models are 
developed wherein the first model supplier acts as the leader and in the second model, the retailer acts a 
leader. Since the models are complex, a hybrid Genetic Algorithm (GA) and Particle Swarm Optimization 
(PSO) is developed to solve the model. A numerical analysis and sensitivity analysis are conducted to 
get management insights of the model. The results show that a Stackelberg Game model for progressive 
permissible delay of payment is sensitive in varies values of the first and second delay interest rate if 
supplier acts as a leader. The retailer gets less inventory cost when he acts as a leader compared to 
when vendor acts a leader at high interest rate of the first and second delay period.
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INTRODUCTION

In order to motivate customers to buy more from supplier, supplier apply some scheme such as dynamic 
pricing, quantity discount gift on purchase and permissible delay of payments. Trade credit in the form of 
permissible delay of payment affects the conduct of business significantly (Jaggi et al., 2013). In permis-
sible delay of payment buyer does not have to pay the supplier immediately after receiving the goods but 
can delay the payment until the allowable time period. Buyer can get benefit from interest earn form goods 
that have been sold. Many research have been conducted by considering permissible delay of payment 
in inventory. Huang (2005) developed a buyer’s inventory model by considering delay of payment and 
cash discount. Inventory model with collaboration between supplier and retailer by considering permis-
sible delay of payment was developed by Jaber and Osman (2006). They concluded that coordination 
with permissible delay in payment is better than no-coordination system. Similar research of inventory 
model with permissible delay of payment under collaboration between single-vendor and single-buyer 
for deteriorating items was developed by Yang and Wee (2006). They found that permissible delay of 
payment is a win-win strategy when implemented under collaboration system. Liao (2007) developed 
deteriorating economic production quantity model by considering permissible delay in payments. Tsao 
and Sheen (2008) did not consider permissible delay of payment for deteriorating inventory model but 
they also include other schemes which are dynamic pricing and promotion. Instead only collaboration 
between supplier and retailer, Jaggi et al. (2008) developed an inventory model with two levels of credit 
policy. In their model supplier gives a fixed credit period to the retailer and retailer offer credit period 
to customers. Inventory model with permissible delay of payment by considering allowable shortage 
was introduced by Chung and Huang (2009). Huang et al. (2010) developed single-vendor single buyer 
integrated inventory model considering permissible delay of payments and order time reduction that can 
be attained through procedural changes, worker training and specialized equipment acquisition. Sarkar 
(2012) developed an EOQ model by considering stock dependent demand, production defective items 
and delay of payment scheme.

Soni and Shah (2008) develop an inventory model with stock dependent demand and progressive 
payment scheme. Progressive scheme is a variant of permissible delay of payment. In progressive pay-
ments scheme, there is more than one payment period. The supplier does not charge any interest if the 
buyer pays before the first payment period but interest will be charged after the first payment period 
and become higher for the next payment period. Similar payment scheme model using two-levels of 
credit policy was developed by Jaggi et al. (2012). This chapter tries to extend the work of Soni and 
Shah (2008) by considering not only retailers but supplier and retailer decisions simultaneously in just 
in time inventory model. Since supplier and the retailer try to optimize their own decision, the model 
is developed as a non-cooperative model. Single vendor-single buyer non-cooperative models with 
permissible delay in payments are developed using Stackelberg equilibrium (Chern et al., 2013) and 
under Nash equilibrium (Chern et al.,2014). Teng et al. (2012) studied vendor-buyer inventory model 
with credit financing for both integrated and non-cooperative environment. They concluded that vendor 
should offer short permissible delay payment to reduce its cost. Li et al. (2014) introduced an inventory 
model with a transferable utility game under permissible delay of payment scheme. Supplier sells the 
same commodities and gives the retailers delay of payments.

Stackelberg Game can be described as follows: a leader of this game, for example a supplier, who 
knows the decision process of his buyers will react to maximize his own profit. The buyer, as a follower, 
answers the supplier’s decision by setting new decision to improve his profit. On the other side, buyer 
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can act as a leader and supplier acts of the follower depend on the bargaining power of the buyer and 
the supplier. Even though collaboration system is better than the competitive system, Stackelberg game 
theory has attracted many researchers’ attention for practical reason. Esmaeili et al. (2008) developed 
Stackelberg game and cooperative game between several buyers and several sellers where marketing 
expenditure and unit price charged by the buyer influence the demand of the product being sold. Yu et 
al. (2009) discussed a Stackelberg Game theory in a Vendor Manage Inventory (VMI) system. They 
concluded that vendor can get benefit from his leadership in Stackelberg game model. In this chapter, 
Stackelberg game model between the supplier and the buyer is developed. Supplier produces an item 
continuously and then sends it to the buyer using just in time concept.

From our extensive literature research there are few papers discussing about inventory models with 
progressive delay of payment scheme and no research that consider two players in progressive delay 
of payment scheme using Stackelberg game approach. In this chapter, supplier will give two period 
permissible delay of payment to the buyer and the buyer decides replenishment period and delivery 
frequency at each replenishment time. The item will send to the buyer in discrete frequency and buyer 
can sell it directly to customer with constant demand rate. Buyer can pay the supplier at the first delay 
period, between first and second delay period and after the second delay period. In this chapter, we will 
show the effect of progressive delay in payment when supplier acts a leader and buyer acts as a leader. 
Since the model is complex, a hybrid of Genetic Algorithm (GA) and Simulate Annealing (SA) is used 
to solve the problem. This chapter is divided into five sections. The first section discusses the research 
gap and literature study. Inventory model development is shown in section two and the method to solve 
the model is described in section three. Section four shows a numerical example and sensitivity analysis 
to give management insights of the model and section five concluded the results.

MATHEMATICAL MODEL

The entire of this chapter using assumptions, parameters and decision variables as follows:

Assumptions

1.  Demand rate is constant and deterministic.
2.  Shortage is not allowed
3.  Production rate is higher than demand rate
4.  Delivery lead time is zero
5.  Supplier does not charge any interest if buyer pay before delay period (M1). Supplier charges buyer 

with interest Ic1 if buyer pay between first delay period (M1) and second delay period (M2) and 
interest (Ic2) if the buyer pay after second delay period (M2), where (Ic2 > Ic1).

6.  Planning horizon is infinite.

Parameters

I: Product quantity
Q: Order quantity
q: Delivery quantity
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K: Delivery frequency
w: Delivery frequency during production up time
P: Supplier’s production rate (unit/unit time)
D: Buyer’s demand rate (unit/unit time)
A: Buyer’s ordering cost
Av: Supplier’s setup cost
Ct: Transportation cost
h: Buyer’s inventory cost
ho: Buyer’s opportunity cost
hv: Supplier’s inventory cost
hvo: Supplier’s opportunity cost
IP: Supplier average inventory
Ic1: Supplier’s interest rate for buyer when the buyer pay between M1 and M2 Period
Ic2: Supplier’s interest rate for buyer when the buyer pay after M2 period
Ie: Bank’s interest rate
c: product unit cost
pr: product price
TIev: Total supplier’s opportunity cost
TIeb: Total buyer’s interest profit
TIc1: Total interest paid by the buyer if buyer pays between M1 and M2 period
TIc2: Total interest paid by the buyer if buyer pays after M2 period
TBUC: Buyer’s total cost
TVUC: Supplier’s total cost

Decision Variables

T: Replenishment period
K: Delivery quantity during replenishment period
M1: The first period of delay of payment
M2: The second period of delay of payment

This chapter discusses an inventory model with progressive payment between single supplier and single 
buyer. Supplier has a specific production rate and delivers the buyer’s order in a specific quantity (q) to 
the buyer in a discrete delivery frequency (K) as seen in Figure 1. Buyer receives items from the sup-
plier in a specific T/K period and then sells the items with a constant demand rate. Figure 2 show the 
inventory rate at the buyer’s side. The buyer does not have to pay directly when the items are delivered. 
The supplier gives delay of payment to the buyer to give opportunity for buyer to buy in higher volume. 
Supplier has two deadline payment period which are M1 and M2. When the buyer pay before M1 period, 
there is no interest charged by supplier to the buyer. If the buyer pays after M1 and before M2, supplier 
charges a certain interest rate to the buyer. If the buyer pays after M2 period then the supplier charges 
the buyer with higher interest rate. The buyer can sell the items directly and can get cash payment from 
his customer. The buyer can save his income to banks and get extra interest.
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There are three cases in this model. In the first model, the total order quantity (Q) in replenishment 
time (T) has shorter time than the first delay period (M1). The second case where replenishment time in 
between the first delay period and second delay period and the last case where replenishment period is 
longer than the second delay period.

Using Figure 1, the supplier has production rate P and has production period as long as (wT/K) 
period. Supplier delivers m unit/delivery every T/K period for K deliveries. Average supplier inventory 
can be modeled as:

IP
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Figure 1. Supplier’s inventory model

Figure 2. Buyer inventory level
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and the buyer average inventory as seen in Figure 2, can be modeled as

IB
q

=
2

 (2)

Case 1

(T≤M1) 

In the first case replenishment time (T) is shorter than the first delay time (M1). Buyer can has payment 
at last in the first delay time (M1). When buyer pay at M1, buyer can have opportunity cost as shown in 
Figure 3.

When vendor does not apply for delay of payment, supplier can receive payment directly after the 
products are sold to buyer. Since supplier applied delay of payment, supplier has opportunity cost as below.
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In the other side, buyer receives payment directly from his buyer and delay payment to supplier until 
the first delay period (M1). With bank interest rate (Ie), buyer can get total interest gain as:
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The total supplier cost consists of setup cost, inventory cost and opportunity lost cost, and one has:
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Figure 3. Buyer opportunity cost for case 1
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The buyer cost consists of setup cost, transportation cost, inventory cost and buyer’s opportunity 
gain as modeled below.
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Case 2

(M1 ≤ T ≤ M2) 

In the case 2, there are two possibilities of buyer opportunity cost as shown in Figure 4. The first case 
occurs when the vendor production uptime longer than the first delay of payment period and the second 
case when the vendor production uptime is shorter than the first delay of payment period.

Case 2.1.

prDM1 + prIeDM1
2/2 ≥ cDT 

In this case, the buyer can pay with full payment at M1. For this case, there are two cases of the vendor 
opportunity cost. In the first cases, the vendor’s production up time period is less than the first permis-
sible time and in the second case, the vendor’s production period is longer than the first permissible 
payment. For the first case, the vendor opportunity cost is same as equation (3). For the second case, 
the vendor opportunity cost is:
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Since the buyer pays all cost at M1, so the vendor does not get interest earned. The buyer interest 
earned is equal to:

Figure 4. Buyer opportunity cost for case 2
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Buyer does not have interest cost, since buyer pays all payment at M1.

Case 2.1.a.

wT/K < M1 

The buyer‘s total inventory cost consists of setup cost, transportation cost, interest cost, opportunity cost 
minus interest earned. The total inventory cost per unit can be modeled as:
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The vendor total cost consists of setup cost, physical inventory holding cost, interest cost minus 
interest earned. The vendor total cost is
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Case 2.1.b.

wT/K > M1 

The buyer‘s total inventory cost consists of setup cost, transportation cost, interest cost, opportunity 
cost minus interest earned. The total inventory cost is same as TBUC21a. The vendor total cost consists 
of setup cost, physical inventory holding cost, interest cost minus interest earned. The vendor total cost 
can be formulated as:
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qK

h q K w h P M
b

v v v

21

0 1

2

1

2 2
= +

− +
+

( )( )
 (11)

Case 2.2.

prDM1 + prIeDM1
2/2 < cDT 

In this case, the vendor opportunity cost is equal with the vendor opportunity cost in case 2.1. The vendor 
interest earned can be modeled as:
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The buyer interest cost is equal to the vendor interest earned and the buyer interest earned is equal 
to case 2.1.

Case 2.2.a.

wT/K < M1 

The buyer‘s total inventory cost consists of setup cost, transportation cost, interest cost, opportunity cost 
minus interest earned. The total inventory cost per unit can be modeled as:
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The vendor total cost consists of setup cost, inventory holding cost, interest cost minus interest earned. 
The vendor total cost can be formulated as:
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Case 2.2.b.

wT/K > M1 

The buyer‘s total inventory cost consists of setup cost, transportation cost, inventory cost, interest cost, 
opportunity cost minus interest earned. The total inventory cost is same as TBUC22a. The vendor total 
cost consists of setup cost, inventory holding cost, interest cost minus interest earned. The vendor total 
cost can be formulated as:
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Case 3

(M2 ≤ T) 
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There are some possibilities when the replenishment time (T) is longer than the second delay of pay-
ment period (M2). The buyer opportunity cost for case 3 has same trend as case 2 as shown in Figure 4.

Case 3.1.

p DM p I DM cDT
r r e1 1

2 2+ ≥/  

In this case the vendor opportunity cost is equal with the vendor opportunity cost in case 2, the vendor 
interest earned is zero since all payment is paid at M1, The buyer interest cost is zero since all payment 
is paid at M1 and the buyer interest earned is equal to case 2.1. There are two possibilities where produc-
tion period is shorter than the first delay of payment and the production period is longer than the first 
delay of payment.

Case 3.1.a.

wT K M/ <
1
 

The buyer‘s total inventory cost consists of setup cost, transportation cost, inventory cost, minus interest 
earned. The total inventory is same as TBUC21a. The vendor total cost consists of setup cost, inventory 
holding cost, interest cost minus interest earned. The vendor total cost is same as TBUC21a.

Case 3.1.b.

wT/K > M1 

The buyer‘s total inventory cost consists of setup cost, transportation cost, inventory cost minus interest 
earned. The total buyer inventory cost per unit is same as TBUC21a. The vendor total cost consists of setup 
cost, inventory holding cost, and interest cost. The vendor total cost per unit time is same as TVUC21a.

Case 3.2.

p DM p I DM cDTbut
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cDTp DM p I DM
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2 2 /  

The vendor opportunity cost is equal with the vendor opportunity cost in case 2. The vendor interest 
earned, the buyer interest cost and the buyer interest earned is equal to case 2.2.
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Case 3.2.a.

wT/K < M1 

The buyer‘s total inventory cost consists of setup cost, transportation cost, inventory cost, opportunity 
cost minus interest earned. The total inventory cost per unit is same as TBUC22a.

The vendor total cost consists of setup cost, inventory holding cost, interest cost minus interest earned. 
The vendor total cost per unit time is same as TVUC22a.

Case 3.2.b.

wT K M/ >
1
 

The buyer‘s total inventory cost consists of setup cost, transportation cost, inventory cost, opportunity 
cost minus interest earned. The total inventory cost per unit is same as TBUC22a. The vendor total cost 
consists of setup cost, physical inventory holding cost, interest cost minus interest earned. The vendor 
total cost per unit time is same as TVUC22b.

Case 3.3.
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r r e r r1 1

2
2 1 2 1

2
2 2+ < −( )+ −( )







</ /and
ccDT p DM

p I DM
r

r e

−

−

















1

1
2 2/

 

The vendor opportunity cost is equal with the vendor opportunity cost in case 2. The vendor interest 
earned is:
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The buyer interest cost is equal with the vendor interest earned and the buyer interest earned is equal 
with case 2.2.

Case 3.3.a.

wT K M/ <
1
 

The buyer‘s total inventory cost consists of setup cost, transportation cost, inventory, opportunity cost 
minus interest earned. The total inventory cost per unit can be modeled as:
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The vendor total cost consists of setup cost, inventory holding cost, interest cost minus interest earned. 
The vendor total cost can be formulated as:
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where
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Case 3.3.b.

wT K M/ >
1
 

The buyer‘s total inventory cost consists of setup cost, transportation cost, inventory cost, opportunity 
cost minus interest earned. The total inventory cost per unit is same as TBUC33a. The vendor total cost 
consists of setup cost, physical inventory holding cost, interest cost minus interest earned. The vendor 
total cost can be formulated as:
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THE STACKELBERG GAME SOLUTION

In the Stackelberg game model, the buyer decision variables are replenishment period (T) and delivery 
frequency (K). The vendor offers the first and second delay of the payment period (M1 and M2). Since 
the model is complex, hybrid of Genetic Algorithm (GA) and Particle Swarm Optimization (PSO) is 
applied. The GA method is used to solve leader optimization problem and PSO is applied to solve the 
follower optimization problem. In the solution we use a simple GA and PSO method. The GA method 
algorithm as below:

GA Algorithm

Chromosome

The chromosome (allele) is a binary The chromosome structure for 2 products is shown in Figure 5.
As example, the T in Figure 4 can be represented as:

T = 0x20+1x21+1x22+0x23 / 15 = 5/15 = 0.333 

and

Figure 5. Chromosome structure



207

Stackcelberg Game Inventory Model With Progressive Permissible Delay of Payment Scheme
 

K = 0x20+1x21+0x22+1x23 = 9. 

Initial Population

The initial chromosome population is generated randomly and the population size is equal to 20.

Evaluation of Fitness

A fitness function is calculated using the total vendor unit cost if vendor act as the leader and the total 
buyer unit cost if the buyer act as the leader.

The Parent Selection

This model uses the roulette wheel method and a solution with a less fitness value has greater probability 
to be selected.

Genetic Operators

Genetic operators are used to derive a better solution for each generation. Genetic operators consist of 
elitism, crossover and mutation. In this study, the population size is set at a constant through successive 
generation. In each generation, elitism is set and crossover and mutation are used to generate new chil-
dren. Two point crossover function with crossover is used with probability is equal to 0.8. The mutation 
scheme is uniform with mutation probability is equal to 0.03.

Stopping Criterion

The stopping criterion for Genetic Algorithm depends on the number of generations. If the number of 
generations is greater than the value previously determined, then stop. We used 100 number of generations.

PSO Framework

Particle swarm optimization is a population-based computation technique where each particle moves 
according to its own best position and the best position of the other particle. It is like a flock of birds 
collectively foraging for food, where the food location is represented by the fitness function.

1.  Initialize particle by setting number of particles (pr), number of iterations (α) and some initial 

parameters. Set v
0

0
��
= , personal best (pbest) xl x

ps ps

� ��� � ��
=  and iteration i=1.

2.  For i=1,..., p decode x
ps

� ��
 to a set of decision variable.

3.  For i= 1..., p.calculate the performance measurement of Ri as Zi, where Zi is calculated using total 
vendor unit cost or total buyer unit cost depend on who acts as the follower. Update pbest by setting 
xl x
ps ps

� ��� � ��
=  if Z Z

x xlps ps
< .
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4.  Update gbest by setting xl x
ps ps

� ��� � ��
=  if Z Z

xl xgps s
<  Z Z

xl xgps s
< .

5.  Update the velocity and the position of each particle

v i w i v i u c i xg x i
ps ps s ps

� �� � �� � �� � ��
+( )= ( )× ( )+ 



× ( )× −1 0 1 1, (( )( )+ 



× ( )× − ( )( )u c i xl x i

ps ps
0 1 2,
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 (20)

Update of the moment inertia using fitness distance ratio (FDR), and it can be can be shown as

w i w F
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−









 ( )− ( )( )

1
1  (21)

Calculate the new position using (20)

x i x i v i
ps ps ps

� �� � �� � ��
+( )= ( )+ +( )1 1  (22)

6.  If the generation meet the stopping criteria, stop. Otherwise add generation by one and return to 
step 2.

7.  Set gbest of the last solution as the best solution for multi route inventory routing problem for 
deteriorating items.

A NUMERICAL EXAMPLE

A numerical example is used to show how the model work and a sensitivity analysis is conducted to 
get management insights of the model. The numerical example use similar data as Goyal et al.(2007). 
The set of data that is used in this numerical example is [A,Av,Ie,c,pr,] = [200,150,4%,25,35,] and [P, D, 
Ct, hvo, h, hv] = [4000,1000,100,110,4,4]. In the first case, vendor acts as a leader and buyer acts as the 
follower. The decision variables have lower bound and upper bound as shown in Table 1.

The algorithm is run ten times to get a solution that near to the global optimal solution. The best solu-
tion with different values of Ic1 and Ic2 when vendor acts as a leader is shown in Table 2. Table 2 shows 
that the buyer cost tends to increase when the second period interest increase. Buyer tries to reduce her 
cost by reducing replenishment period and delivery frequency. In the other side, vendor tries to reduce 
as small as possible the first and second delay of payment to get more profit and reduce her total cost. 
Buyer’s and vendor’s total cost tend to be stable in varies the interest of the first delay of the payment 
period. The buyer’s and vendor’s decisions are not significantly different in varies interest of the first 
delay of payment.

In the second sensitivity analysis, buyer acts as a leader and vendor acts as a follower. The lower 
bound and upper bound of each decision are set as shown in Table 3.
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The calculation results with varies of interest rate at the first delay of the payment period (Ic1) and the 
second delay of the payment period (Ic2) are shown in Table 4. Table 4 shows the buyer’s and vendor’s 
decision is not sensitive in different Ic1 and Ic2. Since the buyer is the leader, vendor tries to minimize 
the inventory cost by set the first delay of payment to be 0 but the second delay of payment period have 
to be set as long as possible. When the buyer acts as a leader, the progressive payment scheme becomes 
a single delay of payment scheme.

Figure 6 shows the vendor and buyer total cost for varies of percentage interest rate of the first and 
second delay of payment. When vendor acts as a leader, total vendor cost (TVUC VL) decreases as 
the percentage rate of a second delay of payment increase and as a consequence, the buyer total cost 
increase. The condition is different when the buyer acts as a leader. The vendor total cost and the buyer 
total cost are not significantly different in value of the percentage rate of the second delay of payment. 
This condition shows that the total cost is more sensitive when the vendor acts as leader than the buyer 
acts as a leader. The comparison of the vendor total cost in varies of Ic1 and Ic2 can be seen in Figure 7.

Table 1. The decision variables bound

Decision Variables Upper Bound Lower Bound

M1 1,2 year 0 year

M2 1,2 year 0 year

K 20 times 1 times

T 1,3 year 0 year

Table 2. Sensitivity analysis with varies of Ic1 and Ic2 (vendor as a leader)

Ic1 Ic2 T* K* M1* M2* TVUC TBUC

3,5%

8% 0,5976 3 0,0025 0,1045 $1.355,20 $1.427,00

9% 0,4762 2 0,0007 0,0007 $1.324,20 $1.497,60

10% 0,4617 2 0,0002 0,0002 $1.294,30 $1.518,10

11% 0,4589 2 0,0003 0,0009 $1.268,20 $1.536,50

4%

8% 0,5983 3 0,0010 0,1230 $1.355,40 $1.426,40

9% 0,4764 2 0,0014 0,0015 $1.325,60 $1.496,80

10% 0,467 2 0,0001 0,0002 $1.294,20 $1.518,10

11% 0,4591 2 0,0011 0,0014 $1.269,30 $1.535,70

4,5%

8% 0,5974 3 0,0010 0,1340 $1.350,80 $1.430,10

9% 0,4761 2 0,0002 0,0002 $1.323,30 $1.498,20

10% 0,4672 2 0,0002 0,0009 $1.294,90 $1.517,50

11% 0,4588 2 0,0003 0,0004 $1.267,70 $1.536,90

5%

8% 0,5975 3 0,0030 0,1530 $1.351,50 $1.431,20

9% 0,4764 2 0,0012 0,0012 $1.325,00 $1.497,10

10% 0,4671 2 0,0004 0,0004 $1.294,60 $1.517,80

11% 0,4588 2 0,0005 0,0005 $1.267,80 $1.536,80
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Figure 7 shows that the vendor total cost is higher when vendor acts as a leader at small values of 
Ic1 and Ic2, but mostly the vendor total cost when vendor acts as a leader smaller than the buyer acts as 
a leader. Similar as previous research, vendor has bigger advantage when he acts as a leader than buyer 
acts as a leader. The difference of vendor total cost when vendor acts a leader and buyer acts a leader 
becomes wider as the percentage interest rate of the first delay of payment (Ic1) and percentage interest 
of the second delay of payment (Ic2) increase.

Figure 8 shows a comparison of buyer total cost when vendor acts as leader and buyer acts as a leader. 
In small first delay of payment interest rate (Ic1), the buyer total cost when buyer acts as a leader higher 
than vendor acts as a leader. The buyer total cost moves faster when vendor acts as leader and starts to 
become higher when Ic1 = 4% and Ic2 = 10% and 11%. The trends continue and the buyer total cost when 
vendor acts as a leader is higher than buyer acts as a leader in high first delay of payment interest rate 
(Ic1 = 5%). This situation shows that buyer has benefited even vendor acts as a leader when the vendor 
set small value of the first and second delay of payment interest rates.

Table 3. Lower bound and upper bound variables when buyer acts as a leader

Decision Variables Upper Bound Lower Bound

K 20 times 1 times

T 1,3 year 0 year

M1 1,2 year 0 year

M2 1,2 year 0 year

Table 4. Sensitivity analysis when buyer acts as a leader

Ic2 Ic1 T* K* M1* M2* TBUC TVUC

8%

3,50% 0,6956 3 0 1,2 $ 1.333,74 $ 1.571,60

4% 0,6638 3 0 1,2 $ 1.353,10 $ 1.506,80

4,50% 0,6464 3 0 1,2 $ 1.372,30 $ 1.464,70

5% 0,5995 3 0 1,2 $ 1.394,10 $ 1.388,70

9%

3,50% 0,6724 3 0 1,2 $ 1.333,20 $ 1.538,70

4% 0,6648 3 0 1,2 $ 1.353,10 $ 1.508,20

4,50% 0,6441 3 0 1,2 $ 1.372,40 $ 1.461,70

5% 0,5899 3 0 1,2 $ 1.396,20 $ 1.377,00

10%

3,50% 0,694 3 0 1,2 $ 1.333,60 $ 1.569,30

4% 0,6523 3 0 1,2 $ 1.353,30 $ 1.491,30

4,50% 0,643 3 0 1,2 $ 1372,40 $ 1460,30

5% 0,5997 3 0 1,2 $ 1394,10 $ 1388,90

11%

3,50% 0,7734 4 0 1,2 $ 1.349,40 $ 1.553,80

4% 0,665 3 0 1,2 $ 1.353,20 $ 1.508,50

4,50% 0,6472 3 0 1,2 $ 1.372,30 $ 1.465,70

5% 0,5962 3 0 1,2 $ 1.394,80 $ 1.384,70
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Figure 6. Sensitivity analysis in varies of Ic1 and Ic2

Figure 7. Vendor total cost when vendor and buyer act as a leader
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The sensitivity analysis shows that the progressive payment scheme works as a single delay of pay-
ment when buyer acts as a leader and the decision variables and total cost are more stable. On the other 
side, when the vendor acts as leader, the decision variables and the total cost are sensitive in varies values 
of the first and second delay of payment interest rate. The sensitivity analysis shows that the progres-
sive payment scheme can be applied in the Stackelberg game model when vendor acts as the leader and 
vendor set small values of the first and second delay of payment interest rate.

CONCLUSION

In this chapter, a Stackelberg game model for the progressive payment scheme is developed. The vendor 
offers to the buyer two delay of the payment period. When the buyer pays before the first delay of pay-
ment period, there is no interest charged by the vendor to the buyer. Interest is charged when a buyer 
pays after the first delay of the payment period and higher interest is charged when a buyer pays after the 
second delay of payments period. The model is solved using a hybrid of GA and PSO since the model is 
a nonlinear model. A numerical analysis and sensitivity analysis are conducted to show how the model 
works and gets some management insights. The sensitivity analysis shows that the progressive payment 
scheme is similar as a single payment scheme when the buyer acts as a leader. The vendor can get benefit 
when he acts as a leader, and the buyer can get benefit when he acts as a leader only when the first and 
second delay of payment interest rate offer by the vendor are high. The Stackelberg game model can 
work better when vendor acts as a leader and set small values of interest rates.

Figure 8. Buyer total cost when vendor act as a leader and buyer act as a leader
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