
1 
 

Integratedinventorymodelwithinflationfordeterioratingitems 

 

 
 

Abstract 

The integrated inventory model works like a multi-tier supply chain involving a manufacturer, 

buyer, supplier, and customer. In the proposed article, integrated inventory management for 

perishable items has been developed. It is an essential responsibility of every supply chain 

member to ensure that any inventory can be delivered to the customer smoothly and on time. The 

model of inflation fluctuations takes into account inflation as one of its factors.This model 

considers the movement of inventory from production to supply in real data; Numerical 

examples have been explored to facilitate a practical understanding of this model in real-life 

situations, and the aggregate cost from the entire supply chain has been calculated. The model 

concludes with a sensitivity analysis, revealing the effects on the overall model stemming from 

alterations in key parameters that exert significant influence. 

Keywords: Multi echelon; Inflation; deteriorating items 

 

1. Introduction 

In thecurrentlandscapeofheightenedcompetitionacrossvarious industries, itisundeniably crucial 

forbusinessestoefficientlyreach a maximumnumberofcustomers, providingproductsorservices at 

competitive prices and meeting customerdemandswithinstipulated timelines.Theinvolvementof a 

supplychainsystemwithmultipletiers has beensignificant in variousaspectsbeacausethemulti-

echelonsupplychainmanagementfunctions as anentity, akintoanorganization, whereallitsmembers 

share theresponsibilityof meeting 

customerrequirements.Manyauthorsdiscussedaboutinventorymanagment base don 

economiccondition.Asghar et al. (2020) present an automatedInventory Management (I.M.) 

systembasedonpolicyeconomicproduction, specificallydesignedtoencompasshigh-

technologyitems.Mallick et al. (2020) created an Inventory Management (IM) 

modelthatincludespermissibledelays in payment and accountsfor time-

dependentdemand.Thesupplychainmanagementfunctionsakintoanorganization, and 

itisthecollectiveresponsibilityofallitsmemberstomeetcustomerneeds and 

ensureeachstageofthesupplychainsystemishighlyprofitableMashud et al. (2020) explored a 

sustainableInventory Management (IM) 

approachconsideringcontrollableemissionsforimperfectproducts. Sarkar and Chung (2021) 

formulated a sustainableInventory Management (IM) model, combining a 

versatileproductionsystemwiththeintegrationoftechnologyfocusedonreducingcarbonemissions. 

Mishra et al. (2020) created a sustainableproductionInventory Management (IM) 

modelfocusingon a singular itemtype. In thismodel, allitems are conveyedtoconsumersusing a 

single transportationmode, and considerations are 

madeforshortageswhileconcurrentlyaddressingthereductionofcarbonemissions.In 

thebroadercontext, theSupplyChainInventoryModel (SCIM) has 

traditionallytakenintoaccountvarioussub-systems. However, withrecentadvancements in 

transmission and informationtechnologies, theintegrationofthesefunctions has become a common 

and noticeabletrend.Thesupplychain (SC) has 
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gainedparamountimportanceforresearchersamidsttheevolvingmarketdynamics. 

SupplyChainInventoryModels (SCIM) are instrumental in optimizingvariousscenarios, 

rangingfromtheproducer'sworkflowtoeffectivelymanagingchallengesposedby natural 

disasters.SCIM excelsin accuratelydiagnosingproblems and disruptionswithinorganizations. 

Itplays a pivotal role in swiftly, safely, and efficientlydeliveringgoodstotheirdestination. 

Inventory Management (IM) operates in a unique and unpredictableenvironment, 

providingoptimalsolutionsforeffectivemanagement in 

suchconditionsManyresearchershaveexploredinventorymodelsbyconsideringtheperspectivesofpro

ducers, retailers, and buyers.Chou (2000) formulatedanintegratedInventory Management (IM) 

approachspecificallydesignedfordeterioratingitems. Ontheotherhand, Rani and Kishan (2011) 

presented a Multi-EchelonInventory Management (MEIM) modelfocusedondeterioratingitems, 

accountingfor variable demand in theirformulation. Singh and Singh (2010) created a 

SupplyChainInventoryModel (SCIM) 

incorporatingimperfectproductionwithinanenvironmentcharacterizedbyinflation and a 

fuzzysense.Jaggi et al. (2012) innovativelydevelopedanInventory Management (IM) 

systemspecificallydesignedforitemsexperiencingdeterioration in a fuzzyenvironment, 

incorporatingtheinfluenceof time-varyingdemand.Gupta and Singh (2013) devised a 

comprehensive Inventory Management (IM) modelincorporatingfuzzy variables, variable 

holding costs, and three-parameter Weibull deterioration, allwithinthecontextofinflation.Maihami 

et al. (2019) exploredthe Multi-EchelonSupplyChainModel (MESCM) 

focusingondeterioratingitemswithin a probabilisticenvironment. Meanwhile, Sarkar et al. (2019) 

presented a collaborativeInventory Management (IM) modelforan online-to-offline closed-

loopsupplychain.Jiang et al. (2019) devised a sustainableSupplyChainInventoryModel (SCIM) 

takingintoaccountcarbonfootprintconsiderations. In a separatestudy, Sebatjane and Adetunji 

(2020) created a Multi-EchelonInventory Management (MEIM) 

modelincorporatingdemandthatisdependentonprice, 

withintheframeworkofaneconomicgrowthquantitymodel.Sana, S. S. (2020) presented a 

structuralmodelfor Multi-EchelonInventory Management (MEIM). Lu et al. (2020) formulated a 

multistagesustainableproductionmodelincorporatingcarbonreduction and a Stackelberggame, 

wheredemandiscontingentonprice. Additionally, Padiyar et al. (2023) 

delvedintotheadvantagesofpreservation, greenpractices, and qualityimprovementinvestments in a 

fuzzy and learningenvironment. 

 

 

Inflationiscalculated as theyearlypercentagerise.As inflation increases, everypriceyouownbuys a 

littlepercentageof a goodorservice. Jaggiet al. 

(2006)suggestedthebeststrategyforrestockinginventory.ofdamageditemsunderinflationusing a 

discounted cash flowapproachfora  finitehorizon. Kumar et al. (2009) 

exploredaninventorymodelinvolvingquadraticdemandforperishablegoods, 

consideringfactorslikeinflation and tradecredits.Yang and team (2010) examined a 

modelfordeterminingthelotsizeofperishableitems, consideringtheimpactofinflation. Gilding 

(2014) explored a modeladdressinginflation and thescheduleforinventoryreplenishmentwithin a 

limitedplanningtimeframe.Thispaperaimstodiscoverthebestreplenishmentscheduleforaninventory

managementsystem, considering time-dependentdemand and assuming a finite 

planninghorizon.Itisalsoshownthatbytakinginflationintoaccount has a 

profoundeffectonthesolutionoftheproblema. Palanivel and Uthayakumar (2016) introduced a 
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two-warehouseinventorymanagementmodelfor non-instantaneousdeterioratingitems, 

incorporatingcreditperiods, inflation, and partialbacklogging. Singh et al. (2018) developed a 

two-warehouseinventorymanagementmodelfordamageditems, considering variable demand and 

partialbacklogging in thepresenceofinflation. 

Inventory serves as a crucial physicalresourceessentialforthesmoothoperationofanybusiness. In 

themarket, variousproductshavespecificlifespansor safety periods. Once thisperiodends, 

theseproductsexperience a decline and 

fallintothecategoryofdeterioratingitems.Numerousproducts in themarket can be returned in case 

ofdamage, yetsome, likedairyproducts and medicines, cannot be returned after spoilage. 

Severalauthorshavedevisedinventorymodelsspecificallyfordeterioratingproducts. Rau et al. 

(2003)developedthe Multi-EchelonInventoryModel (MEIM) tailoredfor defective goods.Singh 

and Gupta (2016) formulatedan IM with error in qualityinspection. Theyhavealsotakendemand as 

a functionofsellingprice and volumen agility. Mishra (2018) developed a threerateofproduction 

IM fordeteriorating ítems undersellingpricedependentdemand. Panda et al. (2019) 

createdaninventorymanagementmodelfordeterioratingítems withwarehouse. 

Theyhavealsotakendemand as a functionofprice. Rani et al. 

(2020)devisedaninventorymanagementmodel, 

implementinggreensupplychainmanagementfordeterioratingproducts. Theyincorporateddemand 

as a functionofthecreditperiod. Shaikh et al. 

(2020)exploredaninventorymanagementmodelfordeterioratingitems, 

consideringpreservationtechnology and shortages. Theirmodelinvolveddemand as a ramptype 

and incorporated a tradecreditpolicy. Gupta and team (2020) 

presentedaninventorymanagementmodeladdressingstorageissues, partialbacklogging, and 

tradecreditpolicyfordeterioratingitems. Padiyar et al. (2021) 

createdaninventorymanagementmodelincorporatingprice-

dependentconsumptionfordeterioratingitems, consideringshortages in a fuzzyenvironment. 

 

2. Assumptions and notation 

2.1Theinventorymanagementmodelisdevelopedbasedonthefollowingkeyassumptions: 

 Thedevelopmentofthismodelincorporates a supplychainframework, with a 

focusontwoprimary roles: theproducer and thebuyer. Theproduceroperatesakinto a 

company, overseeingthemanufacturingofinventory and itsdistributiontoeachbuyer. 

 Shortage are notallowed 

 Productionrateisconstant 

 Inflationisconsidered 

 

2.2 In developingthismodel, thefollowing symbols are utilized: 

 

P: Productionrateattributedtotheproducer 

D: Rateofdemandfromtheproducer 

θ₁ : Deteriorationratefortheproducer 

hₚ: Holding costincurredbytheproducer 

dₚ: Deteriorationcostfortheproducer 

Tₚ: Fixedtransportcostfortheproducer 

tₐ: Variable transportationcostassociatedwithtransferringinventoryfromtheproducertothe αthbuyer 

Lₐ: Demandrateforthe αthbuyer 
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θ₂ : Deterioratingrateapplicabletoeachbuyer 

J: Total numberofshipmentstothebuyerfromtheproducer 

R: Overallcountofshipmentstothesupplierfromthebuyer 

hₐ: Holding costforthe αthbuyer 

dₐ: Deteriorationcostforthe αthbuyer 

Aₐ: Orderingcostforthe αthbuyer 

 

3 Mathematicalmodel 
Theprimaryaim in formulatingthismodelwastoensuretheprompt and 

securedeliveryofproductsfromtheproductionhousetotheendconsumer. Consequently, a multi-

echelonsupplychainmodelwasdevised.In whichtheproducer prepares theinventory in 

theproductionhouse and fulfillsthedemand as per therequirementofthebuyer, 

Thissupplychainoperatesontwolevels, withthecompanyserving as themanufacturer, and 

thebuyersorganizedintodistinctgroups. Eachbuyer places 

ordersforinventorybasedontheirspecificdemandfromthecompany. 

 

3.1. Modelforproducers 

In thepresentedinventorymodel, a sole produceristaskedwithmanufacturinginventorytailoredtothe 

individual requirementsofeachbuyer.The complete inventorycycleiscategorizedintotwosegments, 

delineating time intervals [0, T₁ ] and [T₁ , T].Duringthe time interval [0, T₁ ], 

thequantityisinfluencedby a combinedimpactofproduction, deterioration, and demand. In 

thesubsequent time interval [T₁ , T], theinventoryissolelyaffectedbydemand and 

deterioration.Producer inventorymodel can be representedbythefollowingfirstorder linear 

differentialequations; 
𝑑𝐼𝑃1(𝑡)

𝑑𝑡
= 𝑃 − 𝐷 - 𝜃1𝐼𝑃1(𝑡),              0≤ 𝑡 ≤ 𝑇1      (1) 

𝑑𝐼𝑃2(𝑡)

𝑑𝑡
= −𝐷 - 𝜃1𝐼𝑃2(𝑡),                   𝑇1 ≤ 𝑡 ≤ 𝑇      (2) 

Utilizingtheboundaryconditions𝐼𝑃1(0)=0, 𝐼𝑃2(T)=0,  

Solutionofequation (1) and (2) are 

𝐼𝑃1(t)=
 𝑃−𝐷 

𝜃1
 1 − 𝑒−𝜃1𝑡  (3) 

𝐼𝑃2(t)=
𝐷

𝜃1
 𝑒𝜃1 𝑇−𝑡 − 1  (4) 

 

(a) Holding cost: The holding costinvolvesthe expenses associatedwiththemeticulousstorage and 

upkeepofinventory, covering hardware and material handlingequipment, as well as IT software 

applications. Furthermore, the holding costfortheproduceris 

𝐻𝑃=ℎ𝑝   𝐼𝑃1𝑖(𝑡)𝑒−𝑟𝑡𝑑𝑡
𝑇1

0
+  𝐼𝑃2𝑖(𝑡)𝑒−𝑟𝑡𝑑𝑡

𝑇

𝑇1
  

𝐻𝑃=ℎ𝑝  
 
𝑃−𝐷

𝜃1
   

1−𝑒−𝑟𝑇1

𝑟
 +  

𝑒− 𝜃1+𝑟 𝑇1−1

𝜃1+𝑟
  +

𝐷

𝜃1
 𝑒𝜃1𝑇  

𝑒− 𝜃1+𝑟 𝑇1−𝑒− 𝜃1+𝑟 𝑇

𝜃1+𝑟
 +  

𝑒−𝑟𝑇 −𝑒−𝑟𝑇1

𝑟
  

 (5) 

(b) Deteriorationcost: Deterioration cost arises from the loss of usability in items, rendering them 

useless. Therefore, the deteriorating cost for the producer is... 

𝐷𝑃=𝜃1𝑑𝑝   𝐼𝑃1𝑖(𝑡)𝑒−𝑟𝑡𝑑𝑡
𝑇1

0
+  𝐼𝑃2𝑖(𝑡)𝑒−𝑟𝑡𝑑𝑡

𝑇

𝑇1
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𝐷𝑃=𝜃1𝑑𝑝  
 
𝑃−𝐷

𝜃1
   

1−𝑒−𝑟𝑇1

𝑟
 +  

𝑒− 𝜃1+𝑟 𝑇1−1

𝜃1+𝑟
  +

𝐷

𝜃1
 𝑒𝜃1𝑇  

𝑒− 𝜃1+𝑟 𝑇1−𝑒− 𝜃1+𝑟 𝑇

𝜃1+𝑟
 +  

𝑒−𝑟𝑇 −𝑒−𝑟𝑇1

𝑟
  

 (6) 

 

(c) Transportationcost: 

 

𝑇𝑃𝐶𝑃=𝑇𝑃+  𝐼𝐵𝛼 𝑡𝛼
𝑚
𝛼=1  

1−𝑒−𝑟𝑗 𝑇2

1−𝑒−𝑟𝑇2
 (7) 

 

Theoverallprofitcostfortheproduceriscontingentonalltheaforementionedcosts. Thus, the total 

profitcostfortheproduceris: 

TCP=
1

𝑇
 𝐻𝑃 + 𝐷𝑃 + 𝑇𝑃𝐶𝑃    (8) 

 

3.2 ModelforBuyers 

Thereis a total of m buyers, and eachbuyeroperateswithinitsdistinctsupplychain, 

whereinvaryingnumbersofsuppliers are involved.At theinitiationofthecycle, the 

αthbuyerreceivesunitinventorybythe multi producers, whichittransportto a total of R 

shipmentstotheirdesignatedgroupofsuppliers.Therepresentationofthebuyer'sinventorymodeliscapt

uredbythefollowingequation: 
𝑑𝐼𝐵𝛼 (𝑡)

𝑑𝑡
=−𝐿𝛼 − 𝜃2𝐼𝐵𝛼 (𝑡),  0≤ 𝑡 ≤ 𝑇2 (9) 

Where𝛼=1,2,3…m, and 𝐼𝐵𝛼  𝑇2 = 0, 

 

Solutionofequation (9) is 

𝐼𝐵𝛼 (𝑡)=
𝐿𝛼

𝜃2
 𝑒𝜃2 𝑇2−𝑡 − 1 ,                                                                                                     (10) 

 

Buyer’s totalcostdependsonfollowingfactors; 

 

(a) Holding cost:  

𝐻𝐵=   ℎ𝛼   𝐼𝐵𝛼 (𝑡)𝑒−𝑟𝑡𝑑𝑡
𝜒𝑇2

 𝜒−1 𝑇2
 

𝑗
𝜒=1

𝑚
𝛼=1  

𝐻𝐵=  ℎ𝛼
𝐿𝛼

𝜃2
 
𝑒𝜃2𝑇2  

𝑒− 𝜃2+𝑟  𝜒−1 𝑇2−𝑒− 𝜃2+𝑟 𝜒𝑇2

𝜃2+𝑟
 

+  
𝑒−𝑟𝜒 𝑇2−𝑒−𝑟 𝜒−1 𝑇2

𝑟
 

 
𝑗
𝜒=1

𝑚
𝛼=1  (11) 

 

(b) Deteriorationcost: deterioratingcostarises as a 

resultofitemsdeterioratingtothepointofbecomingunusable. Consequently, 

thedeterioratingcostforthebuyeris 

 

𝐷𝐵=  𝑑𝛼𝜃2   𝐼𝐵𝛼 (𝑡)𝑒−𝑟𝑡𝑑𝑡
𝜒𝑇2

 𝜒−1 𝑇2
 

𝑗
𝜒=1

𝑚
𝛼=1  

𝐷𝐵=  𝑑𝛼𝐿𝛼  
𝑒𝜃2𝑇2  

𝑒− 𝜃2+𝑟  𝜒−1 𝑇2−𝑒− 𝜃2+𝑟 𝜒𝑇2

𝜃2+𝑟
 

+  
𝑒−𝑟𝜒 𝑇2−𝑒−𝑟 𝜒−1 𝑇2

𝑟
 

 
𝑗
𝜒=1

𝑚
𝛼=1   (12) 
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(d) Orderingcost: Orderingcostencompassesthe total expenses incurred in 

theprocessoforderingitems, includingthecostsassociatedwithlocatingtheproducer and 

inspectingtheinventory. Thus, the total orderingcostforthebuyeris 

𝑂𝐵= 𝐴𝛼
𝑚
𝛼=1  (13) 

 

Total costforbuyersisdependon, orderingcost,  holdingcost, and deterioratingcostso total 

costforbuyeris: 

TCB=
1

𝑇
 𝐻𝐵 + 𝐷𝐵 + 𝑂𝐵 (14) 

 

 

Total cost in thissupplychainis 

TPC=𝑇𝐶𝑃 + 𝑇𝐶𝐵 (16) 

 

 

4. Numericalexample 

This section demonstrates the stability and effectiveness of the proposed models through the 

implementation of a continuous review inventory system. Utilizing numerical values for the 

parameters, along with appropriate units, the mathematical model developed is illustrated as 

follows: 

 

Here T and 𝑇1 are decision variable and 𝑇2 =
𝑇

𝐽
, J=2, r = 0.15, Using190the software 

Mathematica -12.0 forsolvingtheproblem. 

P= 100, D =95, θ1= 0.5, , hp = 0.2$/unit, dp = 0.15$/unit, t1 =0.5$/unit, t2 = 0.6$/unit, Tp= 1.8$, 

θ2=0.35, L1= 65, L2= 40, h1= 0.4$/unit, h2 = 0.5$/unit, d1 = 0.2$/unit,d2 = 0.15$/unit, A1 = 0.7$, 

A2 = 0.5$,  We get   TC =190 $, T=30, 𝑇1 = 16, 𝑇2 = 8. 

 

 

 

 
5. Sensitivityanalysis 

 

 

Table1. Sensitivity analysis with respect to diverse parameters 
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Parameters % Change (Time)T1 (Time)T Total cost(TC) 

P=100 -20 13.65 31 192.675 

 -10 14.932 30.87 192.543 

 10 16.55 30.01 189.51 

 20 16.90 30.0025 188.57 

 

Parameters % Change (Time)T1 (Time)T Total cost(TC) 

D=95 -20 14.152 30.515 184.56 

 -10 14.27 30.515 185.432 

 10 15.9 30.515 192.90 

 20 15.93 30.515 191.959 

Parameters % Change (Time)T1 (Time)T Total cost(TC) 

𝜃1=0.5 -20 15 32.12 190.187 

 -10 15 32.679 190.146 

 10 15 30.675 190.135 

 20 15 28.567 190.134 

Parameters % Change (Time)T1 (Time)T Total cost(TC) 

𝜃2=0.35 -20 15.988 30.95 190.865 

 -10 15.95 30.5 190.756 

 10 15.07 30.565 190.189 

 20 15.05 32.567 190.156 

 

6. Observation: 

 Iftheproductionrateincreases, thenitisseenthattheproductionperiodisincreasing and at 

thesame time the total costisdecreasing. 

 Throughsensitivity, itwasfoundthatifthedemandrateincreases, thentheproduction time 

periodisdecreasing and at thesame time the total costisincreasingbutthereis no 

effectonthecyclelength T. 

 After slightlyincreasingtheDeteriorationRateacceptabletotheproducer, 

itwasfoundthattheproduction lead time wasdecreasing and the total cost and cyclelength T 

werealsocontinuouslydecreasing. 

 After slightlyincreasingtheDeteriorationrateacceptabletothebuyer, 

itwasfoundthattheproduction time periodisdecreasing and the total 

costisalsodecreasingbutthecyclelength T iscontinuouslyincreasing. 

7. Conclusion 

 

Thisstudy has formulated a 

supplychainmodeltofacilitatethepromptdeliveryofinventorytoeachbuyer. Themodelinvolves a 

producer and multiplebuyers, 
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withtheinclusionofinflationtoaccountforinflationaryfluctuationsTograspthepracticalimplicationso

fthismodel, a numericalexampleispresented, and the total costfromthesupplychainisderived. 

Thestudyconcludesthatthe total costisminimizedwhentheproductionrateincreases.The model can 

be extended by incorporating sustainability factors into the supply chain model, including 

inflation in a fuzzy environment along with the environmental impact of production and 

distribution decisions.and using machine learning to improve decision making and incorporating 

advanced analytics techniques such as artificial intelligence for inventory optimization 
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