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Integratedinventorymodelwithinflationfordeterioratingitems 

 

 

 
 

AbstractTheintegratedinventorymodelworkslike a multi-tiersupplychain, involving a 

manufacturer, buyer, supplier, and a customer. In theproposedarticle, 

integratedinventorymanagementforperishableitems has beendeveloped. 

Itisanimportantresponsibilityofeverymemberofthesupplychaintoensurethatanyinventory can be 

deliveredtothecustomersmoothly and on time. 

Inflationisalsofactoredintothemodelofinflationfluctuations. 

Thismodelisconsideringthemovementofinventoryfromproductiontosupply in real data, 

numericalexample has beendiscussedtounderstandthismodel in real life and the total 

costfromthesupplychain has beenderived. Sensitivityanalysisisalsoshown at 

theendofthemodeltofindouttheimpactonthemodelduetochanges in 

someparametersthatstronglyinfluencethemodel. 

Keywords: Multi echelon; Inflation; Deterioratingitems 

 

1. Introduction 

Thecompetitionthat has arisen in everytradeat present, onethingiscertainitbecomes more 

importantforeverybusinesstoreachitscustomers in maximumquantity at reasonableprices and at 

the time requiredbythecustomer. Themulti-echelonsupplychainsystem has 

beenplayinganimportant role inallthesethingsbecausethemulti-

echelonsupplychainmanagementitselfactslikeanorganization and 

itistheresponsibilityofallthemembersworking in 

thisorganizationtofulfillalltheneedsofthecustomer.Manyauthorsdiscussedaboutinventorymanagm

ent base don economiccondition.Asghar et al. (2020) developed a smartautomaticinventorymodel 

(IM) basedoneconomicproductionpolicythatcovershightechnologyitemslikemobilephones, 

computers, electronicdevices, etc. Mallick et al. (2020) formulatedan IM withpermissiabledelay 

in payment and time dependentdemand. Thesupplychainmanagementitselfactslikeanorganization 

and itistheresponsibilityofallthememberswho are working in 

theorganization,tofulfilalltheneedsofthecustomers and tomakeevery step 

ofthesupplychainsystemhighlyprofitable. Mashud et al. (2020) investigated a sustainable IM 

under controlable emissionforproductswhich are imperfect. Sarkar and Chung (2021) developed 

asustainableIMwith flexible productionsystemunder carbón reductiontechenology. Mishra et al. 

(2020) formulated a sustainableproduction IM with single typeof ítems,wherealltheítems are 

transportedtoconsumerbyonlyonetransporationmodewithshortageunderthereductionofcarbonemis

sions. In general, thesupplychaininventorymodel (SCIM) considereddifferentsub-systems. 

Recentlyduetothechanges in transmission and informationtechnologies, 

theconsolidationsofthesefunctions are in normal appearance. Thesupplychain (SC) has 

becomeveryimportantforresearchers in changingmarketscenario. SCIM 

streamlineeverysituationfromproducer’sflowto natural disasters. SCIM 

isabletocorrectlydiagnoseproblem and disruptionsfromorganization. Itplaysanimportant role in 

deliveringgoodstotheirdestinationveryquickly, safely and efficiently. Inventorymanagement (IM) 
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worked in such a queer and unpredictableatmosphere and expoundstheoptimalsolutionof IM. 

Mostoftheresearchershavediscussedtheinventorymodelwiththehelpofproducer, retailer and buyer. 

Chou (2000) developedtheintegrated IM fordeterioratingitem. Rani and Kishan (2011) described 

a MEIM fordeterioratingitems. Demandis variable in hismodel. Singh and Singh (2010) 

developedan SCIM withimperfectproduction in theenvironmentofinflation and fuzzysense. 

Jaggiet al. (2012) developedthe IM fordeterioratingitems in fuzzysensebyusing time 

varyingdemand. Gupta and Singh (2013) formulatedanintegrated IM withfuzzy variables, 

variable holding cost and three-parameter Weibull deteriorationunderinflation. Maihamiet al. 

(2019) discussedthe MESCM withdeterioratingitemsunderprobabilisticenvironment. Sarkar et al. 

(2019) introducedanjoint IM for online to offline closedloopsupplychain. Jiang et al. (2019) 

formulated a sustainable SCIM undercarbonfootprintconsideration. Sebatjane and Adetunji 

(2020) developed a MEIM withpricedependentdemandforeconomicgrowingquantitymodel. Sana, 

S. S. (2020) introduced a structuralmodelon MEIM. Lu et al. (2020) developed a 

multistagesustainableproductionmodelforundercarbonreduction and stackelberggame. In 

thismodeldemanddependsonprice. Padiyar et. al. (2023) discussedthebenifitsofpreservation 

Green and qualityimprovementinvestment in fuzzy and learning envirnoment. 

Inflation ismeasured as anannualpercentageincrease. As inflation increases, 

everypriceyouownbuys a littlepercentageof a goodorservice. Jaggiet al. (2006) 

proposedtheoptimalinventoryreplenishmentpolicyofdamageditemsunderinflationusing a 

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

withquadraticdemandfordeterioratinggoodswithinflation and tradecredits. Yang et at. (2010) 

discussed a modelforlotsizefordeteriorationitemswhichisstudiedunderinflationGilding (2014) 

investigated a modeloninflation and theinventoryreplenishmentschedulewithin a finite 

planninghorizon.Thesubjectofthispaperistofindouttheoptimalreplenishmentscheduleforan IM, 

heredemandis time-dependent and finite time planninghorizonisassumed. 

Itisalsoshownthatbytakinginflationintoaccount has a profoundeffectonthesolutionoftheproblem. 

Palanivel and Uthayakumar (2016) proposed a two-warehouse IM for non–

instantaneousdeterioratingitemswiththecreditperiod, inflation and partialbacklogging. Singh et al. 

(2018) formulated a two-warehouse IM fordamageitemswith variable demand and 

partialbackloggingunder inflation.  

Inventory is a form of physical resource that keeps any business running efficiently. There are 

many types of products in the market, which have their own time period to survive or be safe, 

after this all these products are seen to decline, and all these products are called deteriorating 

items. There are manyproducts in themarketthat can be returned in theeventofdamage. Butthere 

are lotsofproductsthat are notreturned after spoilagesuch as dairyproducts and medicines etc. 

ManyauthorshavedevelopedseveralIMsfordeterioratingproducts. Rau et al. (2003) 

formulatedthemulti-echeloninventorymodel (MEIM) forbadgoods. 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) developedan IM 

fordeterioratingitemswithwarehouse. Theyhavealsotakendemand as a functionofprice. Raniet al. 

(2020) formulatedan IM bymakinggreen SCM forthedeterioratingproducts. 

Theyhavetakendemand as a functionofcreditperiod. Shaikh et al. (2020) discussedan IM 

fordeterioratingitemsunderpreservationtechnology and shortage. Theyhaveuseddemand as a 

ramptype and policyoftradecredit. Gupta et al. (2020) introduce an IM 

withthehelpofstorageproblem and partialbackloggingforthedeteriorating ítems and 
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policyoftradecredit. Padiyar et al. (2021) developedan IM 

withpricedependentcunsumptionfordeterioratingitemswithshortagesunderfuzzyenvironment. 

 

2. Assumptions and notation 

2.1Thefollowingassumptions are mainlymadetodevelopthe IM. 

 Supplychain has beenusedtodevelopthismodel, in which 2membershavebeenkept in themain 

role, whichisproducer,  andbuyer, in whichtheproducerworkslike a company and 

manufactures theinventory and deliversittoeachbuyer. 

 Shortage are notallowed 

 Productionrateisconstant 

 Inflationisconsidered 

 

2.2 In thisentiremodel, themodelisdevelopedusingthefollowingnotation. 

P       Productionrateforproducer 

D      Demand rate forproducer 

𝜃1     Deterioration rate for producer 

ℎ𝑝     Holding costforproducer 

𝑑𝑝Deteriorationcostforproducer 

𝑇𝑝      Fixed transport cost for producer 

𝑡𝛼      Variable transportationcost in transportinginventoryfromproducerto α
th

buyers 

𝐿𝛼Demandratefor α
th

buyer 

𝜃2     Deteriorating rate for each buyers 

J       Total numberofshipmenttothebuyerfromproducer 

R      Total numbershipmenttosupplierfrombuyer 

ℎ𝛼      Holding costof α
th

buyer 

𝑑𝛼Deterioratingcostof α
th

buyer 

𝐴𝛼Orderingcostof α
th

buyer 

 

3 Mathematicalmodel 
Themainobjectiveofdevelopingthismodelwastoensurethatanyproductisdeliveredtimely and 

safelyfromtheproductionhousetothe final consumer, hencethemulti-

echelonsupplychainmodelwascreated. In whichtheproducer prepares theinventory in 

theproductionhouse and fulfillsthedemand as per therequirementofthebuyer, 

Thissupplychainiscreated at twolevels, in whichthecompanyisplayingthe role of a manufacturer 

and thebuyerisdividedintodifferentgroups. Here eachbuyerorderstheinventory as per 

thedemandrequirementfromthecompany 

3.1. Modelforproducers 

In thisproposedinventorymodel, wehaveoneproducer, they produce 

inventoryaccordingtotheneedsofeachbuyer. 

Classificationoftheentireinventorycycleintotwodifferentpartswhichgives time intervals [0, 𝑇1] 
and [𝑇1, 𝑇]. In the time interval [0, 𝑇1] there is mixed impact of production, deterioration and 

demand on the quantity, while during the time interval [𝑇1, 𝑇] the inventory is only affected by 

the demand and deterioration.Producer inventorymodel can be 

representedbythefollowingfirstorder linear differentialequations; 
𝑑𝐼𝑃1(𝑡)

𝑑𝑡
= 𝑃 − 𝐷 - 𝜃1𝐼𝑃1(𝑡),              0≤ 𝑡 ≤ 𝑇1      (1) 
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𝑑𝐼𝑃2(𝑡)

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

Withthehelpofboundaryconditions𝐼𝑃1(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: Holding cost involved in careful storage and maintenance of inventory 

including hardware equipment, material handling equipment, IT software applications and the 

holding cost for producer is 

 

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 involves due to the deterioration of items that become 

useless so the deteriorating cost for producer is 

 

𝐷𝑃=𝜃1𝑑𝑝   𝐼𝑃1𝑖(𝑡)𝑒−𝑟𝑡𝑑𝑡
𝑇1

0
+  𝐼𝑃2𝑖(𝑡)𝑒−𝑟𝑡𝑑𝑡

𝑇

𝑇1
  

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) 

 

Totalprofitcostforproducerisdependsonallabovecost so the total profitcostforproduceris: 

TCP=
1

𝑇
 𝐻𝑃 + 𝐷𝑃 + 𝑇𝑃𝐶𝑃    (8) 

3.2 ModelforBuyers 

There are total m buyersbuteachbuyer has itsownseparatesupplychain, underwhichthere are 

differentnumberofsuppliers. At thebeginningofthecycle𝛼𝑡ℎ  buyer receives 𝑄𝐵𝛼  unit inventory by 

the multi producers, which it transport to a total of R shipments to own group of suppliers. 

Buyer’sinventorymodel can be representedbythefollowingequation. 
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; 
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(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: deteriorating cost involves due to the deterioration of items that become 

useless so the deteriorating cost for buyer is 

 

 

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) 

 

(d) Orderingcost: Orderingcostis the total cost involved in ordering the items including the cost 

of finding producer and inspection of the inventory so total ordering cost for the buyer is 

 

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 

The stability and viability of the proposed models are illustrated in this section using a 

continuous review inventory system. Numerical values for the parameters with appropriate units 

can be used to illustrate the mathematical model developed 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. 
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Fig .1stability and viabilityoftheproposedmodels 

5. Sensitivityanalysis 

 

 

Table1. Sensitivity analysis with respect to various parameters 

 

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 
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 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 

 

Thisstudydeveloped a supplychainmodelthroughwhichtheinventory can be 

deliveredtoeverybuyer at theearliest as possible. Here, thereis a producer and multiplebuyers. 

Inflationisalsoaddedtothemodelforinflationaryfluctuations. Tounderstandthismodel in real life, 

numericalexampleisdiscussed and the total costfromthesupplychain has beenextracted. 

Throughthisstudy, itisconcludedthatthe total costisfoundto be 

mínimumwhentheproductionrateincreases 

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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