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 

Abstract: Inventory models are effectively used as control tool 

in most of the inventory control tools. The current study deals 

with the inventory production model for non momentary 

deteriorating items. To developed the mathematical model 

holding cost is considered as time and demand  dependent. The 

items does not start to deteriorate as soon as it enters into the 

stock. During stock buildup time demand is assumed to be 

inventory dependent. Optimum solution has been find out by 

using differential calculus. Results indicate that total inventory 

has a major influence of inventory consumption parameter. 

KEYWORDS:  EPQ, holding cost , Inventory and time 

dependent consumption rate.  

I. INTRODUCTION 

InventoryT systemsT hasT beenT studiedT byT manyT ofT 

theT researchersT byT consideringT differentT 

assumptions.T BuyingT capacityT ofT customerT increasesT 

byT theT largeT stockT presentT inT theT store.T 

DeteriorationT isT commonT inT perishableT itemsT likeT 

food,T milk,T meatT andT flowers.T ToT maintainT theT 

qualityT ofT suchT itemsT needT specialT storingT 

arrangementT whichT causeT riseT inT holdingT cost.T 

AsT suchT itemsT deterioratesT withT timeT inT suchT 

conditionT holdingT costT varyT withT time.T ArdakT et.T 

al.T (2017)T developedT EPQT modelT forT perishableT 

itemsT whichT requiredT specialT storingT 

arrangements.[1,2&3]T ItemsT withT defectT hasT beenT 

analysedT withoutT consideringT inventoryT carryingT 

costT ofT imperfectT itemsT toT developedT anT EPQT 

model.T [4].T InT actualT productionT processT theT 

qualityT ofT theT productT dependsT uponT variousT 

factors.T ThisT canT affectT theT qualityT ofT theT 

productT henceT itT isT notT possibleT thatT alwaysT 

goodT qualityT itemsT willT getT produced[5].T InT 
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perishableT itemsT deteriorationT startT withT time.T TheT 

inventoryT modelT withT partialT backlogingT hasT beenT 

studiedT forT constantT demand.[6].T RosenblattT andT 

LeeT studiedT inventoryT modelT forT imperfectT 

productionT process.[7].T TheT itemsT deteriorateT atT 

higherT rateT whenT processT changeT itsT state.,T [8].T 

TheT totalT costT isT effectedT byT theT demandT andT 

qualityT lossT functionT [9].T TheT optimalT productionT 

runT timeT getT affectedT byT costT ofT rework,T scrapT 

andT rateT ofT defectiveT items[10].T DemandT wasT 

dependentT onT stock,T cusomerT andT creditT policyT 

[11,12].T GedeT consideredT stochasticT machineT 

unavailabilityT andT price-T dependentT demandT toT 

analysedT productionT inventoryT model[13].T TheT 

influenceT ofT demandT andT costT onT EPQT hasT beenT 

analysedT byT Jinn[14].T SetT upT costT andT processT 

qualityT hadT aT importantT roleT inT productionT 

inventoryT modelT [15].T  

WithT timeT perishableT itemsT deteriorates,T henceT inT 

theT presentT studyT holdingT costT isT consideredT asT 

timeT dependent.T DuringT stockT buildupT timeT 

demandT isT assumedT toT beT inventoryT dependent.T 

SeveralT sectionsT ofT theT paperT isT dividedT asT 

followingT .T MathematicalT modelT formulationT isT inT 

thirdT section..T TheT numericalT andT sensitivityT 

analysisT hadT beenT discussedT inT last. 

 

The Present model has been developed by considering 

following Assumptions:-   

1. Constant production rate wich is assumed to be 

greater than Demand. 

2. During stock buildup time demand is inventory 

dependent  
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3. Deterioration is non instantaneous and kept 

constant. 

4. As perishable items deteriorates with time. 

5. No Shortage. 

6. Inspection of all produced items . 

 

NOMENCLATURE  

1. I1 – Inventory with no deterioration  

2. I2 – Inventory with deterioration. 

3. I3 – Inventory where demand is considered constant 

4. T1–No deterioration period 

5. T2 – Inventory build up time in which deterioration 

start.  

6. T3 – No Inventory build up time. 

7. Q – Constant production rate. 

8. R  –Demand rate. 

9. θ –Constant Deterioration rate 

10.  – consumption rate of Inventory. 

11. HC – Holding cost  

12. Ci –  Cost of Inspection per unit 

13.  T – Production time for each cycle.  

14. C – Cost of Total production 

15. IC – Cost of  Inspection for all items. 

16. TC – Per unit time total cost . 

17. A– Cost of set up. 

II. DEVELOPMENT OF MATHEMATICAL 

MODEL  

Present work develop production inventory model for 

perishable items with special holding arrangement. Figure 1 

shows, the production will start at t = 0, upto time T1  the 

inventory I1 builds up with no deterioration. Deterioration 

start from T1production stops at time  T2. Differential 

equations to describe the inventory are as follows. 

  

Fig. 1. Inventory Level 

Change in inventory from time t = 0 to t = T1 is governed by 

following equation. Here no deterioration. 

 
 

dI t
1 = Q - R - αI t

1dt                 0 ≤ t ≤ T1                     

     1.  

Equation 2 shows the change in inventory from t =T1  to t = 

T2. Here deterioration starts. 

   

 
   2

2 2

dI t
= Q - R -αI t -θI t

dt             0 ≤ t ≤ T2       

    2. 

Equation 3 represents the inventory with constant demand 

and deterioration. 

 
 3

3

dI t
= - R -θI t

dt            0 ≤ t ≤ T3       

 3. 

The solution to above equations are found out by using Initial 

boundary conditions Inventory I1 will be zero at the start of 

production system and Maximum at time T2. 

 
Q - R -αt

I t = 1- e
1 α

 
 

        0 ≤ t ≤ T1                              

4. 

 
 
 

 
 

α+θ T -tQ-R Q-R 2I t = + Q - e
2 1α+θ α+θ

  
     

 
 
       0 ≤ t ≤ T2       

       5. 

 
 θ T -t

3I t = e -1
3 θ

R  
 
                       0 ≤ t ≤ T3               

     6. 

Total Inventory holding cost is given by  

     
31 2 TT T

1 2 3

0 0 0

(a bt)I t dt (a bt)I t dt (a bt)I t dt       
                                         

      7. 

Cost for inspection is given by, 

     3

3
T T T
1 2

IC = C I t dt + I t dt + I t dt +
1 2i

0 0 0
  

 
 
 
              

                 8. 

Cost for total production is given by 

C = A + HC + IC
              9. 

 Cycle time for Production is given by :-  
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 
 

Q - RQ - R 2
T = T + T 1 + + T +

1 2 2R R
 

  
   
   

               

                   10. 

C
TC =

T  

    

 
 

A + HC +IC
TC =

Q - RQ - R 2
T + T 1 + + T α + θ
1 2 2R R

  
   
                                                                             

11 

          

+TC

T K
4

2 3
K + T K T K

1 2 2 2 3=
T + T
1 2                      

                  12. 

Equation for  optimum production up time 

        

2

dTCT
0

dT


                                13. 

 

Fig. 2. T2 V/s TC 

III.  NUMERICAL & SENSITIVITY ANALYSIS.  

UsingT numericalT illustrationsT SensitiviteT analysisT 

wasT performedT andT validatedT withT numericalT dataT 

ofT ArdakT etT alT [1].T Let,T setT upT costT =T Rs.30T 

perT cycle,T QT =T 2500T itemsT inT unitT time,T RT =T 

1200T itemsT inT unitT time,T T =T 0.5,T θT =T 0.1,T 

a=T 2T bT =T 1.5.T TheT optimumT valueT ofT T2T canT 

beT found,T asT theT totalT costT functionT isT convexT 

(Fig.T 2).T TheT optimumT valueT ofT T2T isT 0.00395.T 

TheT optimumT totalT costT perT unitT timeT isT TCT =T 

Rs.6506.44.T AnalysisT isT carriedT outT byT varyingT 

timeT aT timeT andT keepingT othersT constant. 

 

 

 
T Fig.3.T T2T V/ST ParameterT ChangeT 

 
Fig.4T TCTT v/sT ParameterT change 

InventoryT buildupT timeT isT muchT sensitiveT toT rateT 

ofT production.T Fig.T 3T showsT thatT inventoryT 

carryingT costT andT demandT parameterT hasT 

moderateT effectT onT inventoryT buildupT time.T 

DeteriorationT hasT veryT linearT effect.T AsT theT rateT 

ofT productionT increasesT fromT -40%T toT -20%,T 

increasesT theT inventoryT andT henceT demandT asT 

demandT isT inventoryT dependent.T InspectionT costT isT 

aT decreasingT functionT ofT buildupT time.T  

FromT figT 4T itT canT beT commentedT that,T totalT 

costT perT unitT timeT isT mostT significantT toT 

productionT rateT inventoryT dependentT consumptionT 

andT demand.T IncreaseT inT InspectionT costT andT 

holdingT costT increasesT theT totalT cost 

 

TABLE III Sensitivity analysis of T3 

Changes in Parameters 

Parameters 
-40% -20% 20% 40% 

T3 T3 T3 T3 

Q 0.003 0.004 0.006 0.007 

R 0.012 0.007 0.004 0.003 

 0.007 0.005 0.0041 0.004 

Θ 0.005 0.005 0.005 0.0047 

a 0.007 0.006 0.004 0.0038 

b 0.004 0.004 0.005 0.0053 

Ci 0.007 0.006 0.004 0.0033 
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TABLE IV Values of holding cost  for consumption rate 

parameter 

 IH 

0.3 1951 

0.4 1545 

0.5 1301 

0.6 1138 

0.7 1022 

 

 

Fig.5 T3 v/s change in parameter 

 

Fig 6. Demand v/s Holding cost 

Fig 5 shows that increase in demand , decreases the down 

time. While less effect of production rate and holding cost on 

down time. Down time increases by increase in holding cost. 

It means if proper holding arrangement is not available then 

perishable items deteriorates and lost its quality, which 

decreases the demand. Fig. 6 shows that proper selection of 

inventory consumption rate decreases the holding cost.  

IV. CONCLUSIONS 

Theoratical inventory control model was  developed,   

considering holding cost as time dependent and demand as 

inventory dependent. Holding cost can be controlled by 

proper selection of inventory dependent consumption rate 

parameter.  This indicates that buying capacity of customer 

can be increased. Inventary managers can use this model 

effetively for perishable items.  
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