
DOI: 10.4018/IJISSCM.2021010102

International Journal of Information Systems and Supply Chain Management
Volume 14 • Issue 1 • January-March 2021


Copyright©2021,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



23

An Optimal Policy for Deteriorating 
Items With Generalized Deterioration, 
Trapezoidal-Type Demand, and Shortages
Trailokyanath Singh, C. V. Raman Global University, Odisha, India

 https://orcid.org/0000-0003-3483-791X

Nirakar Niranjan Sethy, Ravenshaw University, India

Ameeya Kumar Nayak, Indian Institute of Technology, Roorkee, India

Hadibandhu Pattnaik, Ravenshaw University, India

ABSTRACT

Thispaperfocusesanoptimalpolicyofaninventorymodelfordeterioratingitemswithtrapezoidal
typedemandrateandthethree-parameterWeibulldistributiondeteriorationrate.Themodelallows
shortageswhicharecompletelybackloggedinordertoachievebetterpreservingamenity.Theauthors
presentsomeoptimalsolutionswhichleadstodeterminethetotalinventorycostinwhichthecollective
behaviorofcustomershingesonthewaitingtime.Aneasy-to-useoptimizationtechniqueisincludedto
findtheshortagetimepointandorderquantitytominimizethetotalsystemcost.Takingintoaccount
theabove-mentionedassumptions,differentkindsofnumericalexamplesareconsideredtoillustrate
thetheoreticalbehavioroftheframedoptimizationmodel.Thesensitivityanalysisismadeforthis
problemwithvariationofparameters.Thestudyshowsthattheoptimalsolutionnotonlyexistsbut
alsoisuniqueandislessexpensivetooperateifthefactorsofthree-phasevariation,representingthe
growth,thesteady,andthedeclinephasesofdemandwithrespecttotimeareconsidered.
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INTRODUCTION

In the recent years, the observation and control of the effect of deterioration on physical items
ontheinventoryhasbeenveryimportantfortheresearchers.Byandlargetheliteratureassumes
thataconstantproportionof itemswilldeteriorateper time-unitwhiletheyareinstorage.From
the beginning of the twentieth century to till date various inventory models are investigated for
controllingthedeterioratingorperishableitems.Thefirstandbasicinventorymodel,whichisknown
aseconomicorderquantity(EOQ)model,wasdevelopedbyHarris(1913) inorder tominimize
thetotalrelevantcost.Inthisclassicalinventorymodel,itisassumedthatthevalueofinventory
itemsisunaffectedbythedurationoftime.TheclassicalHarris’sinventorymodelwasbasedonthe
depletionofinventoryduetoconstantdemandrate.However,thelossofinventoryisnotonlydue
tothedemandbutalsoforthedeletionofitemsinduecourseoftime.Inreallifesituations,items
likevolatileliquids,chemicals,bloodstoredinbloodbanks,medicines,fashiongoodsandelectronic
itemscannotbeheldinstoreindefinitelyforfuturerequirement,theydeterioratesignificantlyduring
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thenormalstorageperiod.Therefore,themarketdemandandtheconsequenceofdeteriorationare
twomajorfactorsforthedevelopmentofinventorymodelsfordeterioratingitems.Thefirstresearch
onoptimumpolicydeterioratingitemswasestablishedbyGhareandSchrader(1963).Theyderived
themathematicalinventorymodelfordeterioratingitemsbyusingbothconstantdemandpatternand
constantdeteriorationrateintheirmodel.Accordingtothem,directspoilage,physicaldepletionand
deteriorationarethethreeimportantcategoriesofthedecayinginventory.Deteriorationisdefinedas
decayordamage,spoilage,evaporation,ordryingoutofproducts.Itemslikefruits,vegetables,films,
pharmaceuticals,electronicsdevicesandradioactivesubstancesaresomesuchproductsinwhich
thedeteriorationmaytakeplaceduringthestandardstorageperiodoftheunitsandasaresultthe
lossmustbejudgedwhileevaluatingthemodel.Therefore,theeffectofdeteriorationisveryidealin
mostoftheinventorysystems,formakingthefuturedecisionofenterprisesandsolvingtheproblem
ofhowtocontrolandmaintaininventoriesofitemswhichisamajorissuefordecisionmakersin
modernorganizations.InthemodelofGhareandSchrader,thedeteriorationratewasconsideredas
constant.Furthermore,severalresearchershavefocusedontimevaryingdemandpatternthatplaysa
majorroleinthedeterminationofoptimalorderquantity.Inthisregard,DaveandPatel(1981)first
consideredtheinventorymodelfordeterioratingitemswithtimeproportionaldemandpattern.They
consideredalinearincreasingdemandrateoverafinitehorizonandaconstantdeteriorationrate.The
ordercancellationeffectintheinventorymodelforperishableitems’waitingtimedependentonthe
customerorderswasrepresentedbyThangamandUthayakumar(2009).Theyadoptedoptimalpricing
strategiesfordeterminingoptimalorderquantityandmaximizingthetotalprofit.TripathiandMisra
(2012)establishedaninventorymodelforaretailertodetermineitsoptimalorderquantityunderthe
constraintsofconstantdeteriorationrateandconstantpatternofdemand.Theyusedcalculustechnique
ofmaximaandminimaforthedeterminationofoptimalorderquantity.Penticoetal.(2014)presented
thetwoheuristicsfortheeconomicorderquantityandeconomicproductionquantity(EPQ)with
shortagesaspartialbackordering.TheydeterminedEOQandEPQbyusingthetimebetweenorders
andtheproportionofdemandandstatedthattheperformanceofbothheuristicswasverywellwhen
thecriticalvalueofthebackloggingrateisatleast0.50.Singhetal.(2017)studiedtheinventory
problemwithstockdependentdemandunderpermissibletradecreditperiod.

Practically, thedeteriorationrate isnotalwaysconstant indeveloping the inventorymodels.
Sometimesitisneglectedfortheitemslikeglassware,hardware,steelandtoysastheirdeterioration
rate isveryslow.However,with thepassageof timeor the longer the itemsremainunused, the
outflowfailureofdrybatteriesandlifeperiodofdecentdrugscanbeexpressedintermsofWeibull
distribution.Thisexperimentalinspectionhasgivenconfidencetoresearcherstosymbolizethetime
ofdeteriorationofanitembyaprobabilitydistributionlikeWeibull.Takingsuchconsiderationinto
account,CovertandPhilip(1973)modifiedGhareandSchrader’sinventorymodelfordeteriorating
items by replacing deterioration rate from constant to the two-parameter Weibull distribution
deteriorationtorepresentthedeteriorationrate.Inpractice,someitemsdonotstartdeterioratingas
soonastheyarekeptinthestock,butaftersometime,theystartdeteriorating.Forsuchcasesthe
three-parameterWeibulldistributiondeteriorationratecanbeusedfor therepresentationof time
of deterioration while developing the mathematical model. Mathematically, the three-parameter
Weibulldistributiondeteriorationisthegeneralisationofthetwo-parameterWeibulldistributionand
theexponentialformwhenthelocationparameteriszeroandtheshapeparameteris1,respectively.
Sincethebeginningofintroductionofthethree-parameterWeibulldistributionininventorymodelin
inventorycontrolresearch,withthehelpofthethree-parameterWeibulldistributiondeteriorationrate,
theinventorymodelofCovertandPhilipisextendedbyPhilip(1974).Theeconomicorderquantity
modelwithramp-typedemand,shortagesandathree-parameterWeibulldistributiondeterioration
isdevelopedbyGirietal.(2003).Butshortagesarenotappropriateinbusinesscompetition,which
israrelyseen.Nametal.(2010)usedthestochasticoptimaltheoryfordeterminingoptimalsolution
forpriceandorderquantitybasedondifferentlevelsofcoordinationundertheuncertaintyindemand
andsupplier’swholesaleprice.Jaggietal.(2013)describedanoptimalpolicyonthetwo-warehouse
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