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Abstract 
In the current paper, defective item for pharmaceutical inventory model have been taken into 
consideration with demand as stock dependent and holding cost is linear. The objective of this 
paper is to propose an inventory model which optimizes the total cost associated with the 
model. In prior studies, the models having desire and holding cost been considered a fixed 
value, which is not always true in real life-situations. An illustration and sensitivity analysis 
have been done by taking a numerical example of the model. 
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1. Introduction 
Inventory control is having much concentration on the stock of some business. It is very 

important to handle a business successfully that where is stock, when it is going out or when it 

became excess. Therefore, to run a business smoothly it is very important to control inventory. 

Inventory control maintains the right balance of stock in the warehouses. To control the inventory, 

we need inventory models. In pharmacies inventory control plays a very significant role, because the 

global spending on medicines is in million and trillion U.S. dollars. Every year only 68% of 

expenditure costs of medicines are sold out in an average pharmacy and rest of the drugs get expired 

or we can say deteriorate. Deterioration means a stage of goods where it is no more in the condition 

of using it because it get spoiled, decay or evaporate etc.  

Kumar and Kumar [2014] have developed an inventory model by taking deterministic 

deteriorating. Giri et al. [1996] have developed a more widespread EOQ model for decaying items by 

considering rate of demand, decaying rate, ordering or setup cost, holding cost as linearly 

intensifying functions of time. Lin et al. [2000] have developed the recoupment policies for the time 

dependent demand model by considering decaying rate as linearly intensifying. Aggarwal and 

Jaggi[1995] have presented a paper in which EOQ model is considered and it is often assumed that 

the payment of an order is done after receiving the order. However such a condition is not practical 

in real life.  

Parvathi and Gajalakshmi [2013] present a completely backlogged inventory model with 

allowable shortage. Goyal [1985] developed a paper in which the discussion is about EOQ under 

condition of permissible delay in payments. P. K. Chenniappan et al. [2014] developed a 

predetermined inventory model for decaying products in which the shortages are allowed and 

moderately backlogged. R. Venkateswarlu et al.[2013] present a paper in which a predetermined 

inventory model has been carried out  for decaying product when the demand rate is assumed to 

stock-dependent.  

2. Model Formulation and Solution 

 

2.1   Notation and Assumption 

1. The demand rate is considered as linear and continual on time. 
2. The holding cost is considered as linear and continual on time. 
3. The recoupment rate is infinite having zero lead time. 
4. The insufficiency of goods is not allowed. 
5. The time frame is taken limitless. 
6. The decaying rate is considered fixed on the on hand stock per unit/ time and there is no 

overhaul of the decaying goods in the cycle. 

0,),(.)(  batInmtD , the stock dependent demand; 

,0,,)(   ttH  the time dependent holding/carrying cost per unit per time unit; 

S  = The setup cost or cost per order  

C  = The per unit purchase cost; 

  = The defective rate; )10(   a fraction of the on hand pharmaceutical inventory; 

DC = The total deterioration cost per cycle; 

Q = The economic order quantity ordered at the time at 0t  

)(ty = The inventory level at time t; 

T  = Replenishment cycle time. 
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2.2 Mathematical formulation 

The differential equation governed the inventory level )(tI  at any time t  during the cycle is given by: 

 

TtnmtInmtI
dt

tdI
 0,0,)),(.()(.

)(
      

                                           (1)   

 

With boundary condition QI )0( and 0)( TI .Solution of differential equation is computed as 
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We get the initial level of order quantity by putting 0t  in equation (2) then we get:
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Demand in the whole cycle time [0, T] is computed as 
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Decaying cost in  period [0, T] is computed as 
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Holding cost in cycle [0, T] is 

0 0
( ) ( ) ( ) ( )

T T

HC H t I t dt t I t dt      



Innovations, Number 64 April 2021 
 

 

567 

       

       

     

( )

( ) 2

2 2 2 2

( ) 2

3 3 3 3

( ) 2 2

3 3 3 2

( )

3 3 3

( ) ( ) ( ) ( )

1

2

2

T n

T n

T n

T n

T n

m me

n n

mn mne mnT mT

n n n n

mn mn e mn T

n n n nTC S C
T

mnT m e mn T m

n n n n

mnT m e mT m

n n n











 

 

   

   

   

   

   

  

  











  
 

 
    

    



   
    

   
   

   
    

   

2

2

2 2 2

2 3
2

nT

n

mT mT

n n





 

 

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

 

The objective is to minimize the total cost associated with inventory model. The necessary and 
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Hence, the TC is minimum. 

 

Numerical Illustration: 

 

Consider a pharmaceutical inventory system with the following parameter: a = 25 units,  = 4 units, 

b = 40 units,  = 5 units, S = 500 per order, C = 40 per unit,   = 0.05. The output is carried out by 

using wolfram Mathematica, we have T = 0.1699 year and the minimum average cost is TC = 

3444.65 and from equation (3) we get the EOQ, Q = 561.958 (approx.). 
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Sensitivity analysis:  
 
Table 1: Effect of change in the parameter (m) 
 

m T TC Q 
24 0.17080 3424.26 559.299 
25 0.1699 3444.65 561.958 
26 0.1691 3464.45 565.989 

 
Table 2: Effect of change in the parameter (n) 

 
n T TC Q 
 
39 0.1732 3403.70 553.153 
40 0.1699 3444.65 561.958 

41 0.1670 3525.65 576.900 

 

 

Table 3: Effect of change in the parameter   

 

α T TC Q 
4 0.1699 3444.65 561.958 
3 0.1738 3357.16 657.054 

2 0.1784 3255.96 790.082 
 

Table 4: Effect of change in the parameter 
 

 
β T TC Q 
5 0.1699 3444.65 561.958 

6 0.1698 3446.64 559.709 
7 0.1697 3448.63 557.470 
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On changing the parameter of the model there is corresponding change in TC, T and Q We perceive 

that the parameters involved in the current model  m, n,  and   is more sensitive than the other 

parameters of the model. By changing the parameter values we are getting the optimum production 
quantity by the pharmaceutical company. Fig 1 - 4 shows the different quantity and associated  
 

3.Conclusion: 

 

In the present paper a pharmaceutical model is discussed in which we have taken demand as stock 
dependent and holding cost as linear function and the model is solved in such a way that the total 
cost is get minimized. We have also shown the sensitivity of the model that how the total cost and 
other quantities get change on changing the parameters of the model. 
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