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Abstract 

In this paper an optimal cost of inventory is considered under the exponential decaying demand 

and constant deterioration .Here we taken time dependent holding cost which is a linear function 

of time. Also the shortages are not allowed. We have so many items in our daily life, have fixed 

life and lost their values with time. For example foods, fruits, fashion apparels, flowers, 

vegetables etc. To demonstrate the model, numerical example is presented. 

Introduction 

In the present study the objective is to develop an inventory model for deteriorating items 

with time dependent holding cost and exponential decaying demand. Deteriorating rating items 

means that the items that become damaged or lost their marginal value through time. There are 

two types of deterioration of items. The first type of items that become spoiled or expired with 

time like, vegetables, foods, fruits, flowers, medicines etc, The second type of  items that loss 

partially  or completely their total values with time because of the of new invention of 

technology like items related to modern  fashion, computer chips and electronic equipments , 

mobile phones etc..The natural life cycle of the first kind of items is low and other kind of items 

has a market of short life.   

The main objective of the our present study is to create an inventory model for 

deteriorating items having time dependent holding cost, exponential declining demand rate and 

constant deterioration. In general the deteriorating items mean the items that become spoiled, 
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damaged, decayed or lost of its marginal value with time. A brief and valuable review on 

deteriorating inventory models given by.Raafat in 1991. A valuable study on deteriorating 

inventory models given by Harris in 2009. Later Wilson extended Harris’ model and obtain a 

result for economic order quantity. An inventory model developed by Chang and Dye in 1999 in 

which a group of customers who want to accept backlogging is the reciprocal of a linear function 

of the waiting time. Recently in 2000, Papachristos and S. Kouri developed an inventory model 

with varying demand, partially backlogged and constant deterioration rate, in which the 

backlogging rate depends exponentially to the waiting time.  

After this many related papers presented related such type of inventory system, such as 

Goyal and Giri in 2001. Abad in 2001, Tenget. al. In 2002 -2003.Wang in 2002.Papachristos and 

Skouri in 2003. In 1990, Datta and Pal developed a model where the rate of demand of an item is 

dependent on the stock inventory until we have given inventory level, after that the demand rate 

becomes constant. In 1995, Goswami and Chaodhary improved the model of Urban developed in 

1992 for deteriorating items. In 1997, Ray and Chaudhuri suited an economic order quantity 

inventory model with stock-dependent demand, inflation and shortages where the time is not 

counting for different costs and prices related to the system. In 2006, Ray, Chaudhuri and 

Goswami presented an inventory model with two levels of storage, a stock-dependent demand, 

rented and own warehouse. In 1998 Giri and Chaudhuri improved a model of Goh (developed in 

1994) to consider an inventory of a deteriorating item and mentioned the case where the holding 

cost depends on both nonlinear time and stock. In 1957, Whitin developed an inventory model 

where the items related to fashion, deteriorate at the end of storage period. After that Ghare and 

Schrader included in a study that the use of the deteriorating items is very nearly relative to a 

negative exponential function of time.  

They developed an economic ordering quantity model with constant deterioration rate 

where shortages are not allowed. In 1998, Dave and Patel presented an inventory model for 

decaying items with linear increasing demand without shortages. In the general study of 

inventory theory both the demand rate and holding cost are assumed to be constant. But in 

reality, it is observed that for physical goods both are time-independent. 
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Assumptions and Limitations  

The following assumptions are made in developing the model.  

1). Single item inventory system is considered only. 

2). Shortages are not allowed 

3).The deterministic demand rate is an exponential decaying linear function of time 

4).The deterioration is constant. 

5). Lead time is considered as zero. 

6). Finite time horizon inventory system.  

Notations 

To develop the model, the following notations have been used. 

Q(t) =  Inventory at time t, 0 t T   

E(t) =  The exponential demand rate where E(t) = M te  , M>0,  >0, M>> , M   

 stands for the constant demand rate and  is the  change rate in demand. 

P =  Fixed ordering cost per order. 

T =  Length of order cycle. 

(t)  = Constant deterioration cost of an item where (t)  ( 0 1  ) and   
 0    .  

g(t) = Time dependent holding cost per unit time where g(t) = g + at, g>0 and a>0. 

0Q  =  Economic order quantity. 

C =  Cost of each deteriorated items. 

TC =  Total cost per unit time. 

TC* = Minimum total cost per unit time 

 T* = Optimal length of cycle. 

0Q * = Optimal economic order quantity. 
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Formulation of the Model 

Since the inventory reduces due to both demand and deterioration during the cycle [0,T], 
therefore, the generated differential equation for the presented model 

dQ(t)
(t)Q(t) E(t),   0 t T

dt
           (1) 

Where (t)   and E(t) = M te  , 

After solving (1) with boundary condition Q(t) = 0, we have 

( )T t tM
Q(t) = [e -e  ],  0 t T

( )
   

 
    


                 (2) 

Now use the boundary condition Q(0) = 0Q , we have 

( )T
0

M
Q  = [e -1]

( )
 

 



        (3) 

Here 0Q  is initial order quantity. 

Now we calculate the different inventory costs. 

(1). Ordering Cost = P 

(2).Deterioration Cost 

The total demand during the period [0,T] is 

T T
t T]

0 0

M
E(t)dt Me dt [1 e 


      

The number of deterioration unit = 
T

( )T T
0

0

M M
Q E(t)dt [e 1] [e 1]

( )
  

  
      

  

Now the deterioration cost for the interval [0,T] = C x ( the number of deteriorated items) 

= ( )T TM M
C [e 1] [e 1]

( )
  

  
  

    
 = T T T T1 1

CMe [e e ] [1 e ]
( )

   

  
  

    
 (4) 

(3). Total Holding Cost  

The total inventory holding cost for the interval [0,T] is = 
T

0

(g at)Q(t)dt  



MIJMRD, Vol. I, Issue IV, May 2017ONLINE ISSN-2456-2831 

Study of an Inventory Model with Time Varying ….. 81 | P a g e  
   

=
T

( )T t t

0

M
(g at) [e -e  ] dt

( )
   

 
   

   
  

=
T

T T) 2 2 2 T 2 t )Me a
(g at)( ) g( e e [( ) ( e e ]

( )


          

   

            
  (5) 

Now, we find the total variable cost per unit time 

= ordering cost + deterioration cost + inventory holding cost 

=
P

T
+

T
T T TCMe 1 1

[e e ] [1 e ]
T ( )


  

  


 

    
+ 

T
T T) 2 2 2 T 2 t)Me a

(g at)( ) g( e e [( ) ( e e ]
( )T


          

   

            
  (6) 

To minimize the total cost (TC), the conditions are
TC(T)

0
T





and 

2

2

TC(T)
0

T





. 

Now 
TC(T)

0
T





gives the following equation in T: 
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Provided it satisfies the condition 
2

2

TC(T)
0

T




  

Now, 

2 T
2 2 2 T T T T

2 2
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   Now,  we can see for  the optimal value of  T obtained from 7 ,  it  means that 6  has a 

uniq

2T

ue

C(T)
0

2T
 solution






Numerical Example 

Following numerical example will illustrate the model 

The values of the various parameters in proper units can be taken as follows: 

P= 550, M = 300, λ = 0.02, ,θ = 0.6, a = 0.25 and C = 1 

Put the values of these parameters in equation (6) and solve, we have T* = 1.23328. Now put this 
value in equation (6) and (3) , we obtain the minimum total cost per unit time TC*= 711. 42 and 
the economic order quantity 0Q   = 512. 385. 

Conclusion 

In the present study an inventory model is presented, which locates the optimal ordering 

quantity of inventory system due to an exponential decaying demand rate and linear time 

dependent holding cost. The deteriorating items (like foods, flowers fashion items, computer 

chips, etc.) have fixed life which is lost with time during the end of season. Also the storage 

period for which the demand, deterioration, and holding cost depend on the time where the 

shortages are not allowed. This model is solved so that the total inventory cost is to be 

minimized. A numerical example is given to illustrate the model. In the future study, the model 

can be extended for deteriorating items in many situations such as for items having linear and 

quadratic increasing demand, stock-in and stock-out dependent demand, price dependent demand 

or power demand. 

References  

1. F. W. Harris, “Operations and Cost,” A. W. Shaw Company, Chicago, 1915, pp. 48-54. 

2. R. H. Wilson, “A Scientific Routine for Stock Control,” Harvard Business Review, Vol. 

13, No. 1, 1934, pp. 116-128. 

3. T. M. Whitin, “Theory of Inventory Management,” Princeton University Press, Princeton, 

1957, pp. 62-72. 

4. F. Raafat, “Survey of Literature on Continuously Deteriorating Inventory Model,” 

Journal of the Operational Research Society, Vol. 42, No. 1, 1991, pp. 27-37. 



MIJMRD, Vol. I, Issue IV, May 2017ONLINE ISSN-2456-2831 

Study of an Inventory Model with Time Varying ….. 83 | P a g e  
   

5. T. L. Urban, An inventory model with an inventory-level-dependent demand rate and 

relaxed terminal condition, Opl. Res. Soc. 43 (1992) 721-724 

6. K. J. Chung and P. S. Ting, “A Heuristic for Replenishment for Deteriorating Items with 

a Linear Trend in Demand,” Journal of the Operational Research Society, Vol. 44, 1993, 

pp. 1235-1241. 

7. H. M. Wee, “Economic Production Lot Size Model for Deteriorating Items with Partial 

Back Ordering,” Computers and Indus- trial Engineering, Vol. 24, No. 3, 1993, pp. 449-

458.  

8. Wee HM (1995) a deterministic lot-size inventory model for deteriorating items with 

shortages and a declining market. Computers &Operations Research - Journal 22:345-

356 Publisher Full Text 

9. H. M. Wee, “A deterministic Lot-Size Inventory Model for Deteriorating Items with 

Shortages and a Declining Market,” Computers and Operations Research, Vol. 22, No. 3, 

1995, pp. 345-356. http://dx.doi.org/10.1016/0305-0548 (94)E0005-R 

10. P. L. Abad, “Optimal Pricing and Lot-Sizing under Conditions of Perishability and 

Partial Backordering,” Management Science, Vol. 42, No. 8, 1996, pp. 1093-1104.  

11. Ray, J., Chaudhuri, K.S., 1997. An EOQ model with stock dependent demand, shortage, 

inflation and time discounting. International Journal of Production Economics 53 (2), 

171-180  

12. J. Roy and K. S. Chaudhuri, An EOQ model with stock-dependent demand, shortages, 

inflation and time discounting, Int. J. Prod. Eco. 53 (1997) 171-180. 

13. J. Roy, A. Goswami and K. S. Chaudhuri, on an inventory model with two levels of 

storage and stock-dependent demand rate, Int. J.Systems. Sci.29 (1998) 249-254. 

14. N. H. Shah and Y. K. Shah, “Literature Survey on Inventory Model For Deteriorating 

Items,” Economics Annals, Vol. 44, 2000, pp. 221-237. 

15. Hwang, H., Hahn, K.H., 2000. An optimal procurement policy for items with an 

inventory level dependent demand rate and fixed life time. European Journal of 

Operation  

16. Goyal SK, Giri BC (2001) recent trends in modelling of deteriorating inventory. 

European Journal of Operational Research 134:1-16Publisher Full Text International 

Journal of Production Economics 113:852-861 Publisher Full Text 



MIJMRD, Vol. I, Issue IV, May 2017ONLINE ISSN-2456-2831 

Study of an Inventory Model with Time Varying ….. 84 | P a g e  
   

17. W. Ouyang and X. Cheng, “An Inventory Model for Deteriorating Items with 

Exponential Declining Demand and Partial Backlogging,” Yugoslav Journal of Operation 

Research, Vol. 19, No. 2, 2005, pp. 277-288.  

18. Alamri AA, Balkhi ZT (2007).Tithe effects of learning and forgetting on the optimal 

production lot size for deteriorating items with time varying demand and deterioration 

rates. International Journal of Production Economics 107:125-138 Publisher Full Text 

19. Dye CY, Ouyang LY, and Hsieh TP (2007) Deterministic inventory model for 

deteriorating items with capacity constraint and time proportional Backlogging rate. . 

European Journal of Operational Research178 (3):789-807 Publisher Full Text 

20. Alfares, H. K., 2007. Inventory model with stock-level dependent demand rate and 

variable holding cost.Int. J. Production Economics 108 (2007) 259-265 

21.  R. Li, H. Lan and J. R. Mawhinney, “A Review on Deteriorating Inventory Study,” 

Journal of Service Science and Manage- ment, Vol. 3, No. 1, 2010, pp.117-129.  

22. Liao JJ (2008) An EOQ model with non instantaneous receipt and exponential 

deteriorating item under two-level trade credit.and time-varying demand, Quality and 

Quantity, 38, 457-473. 

23. N. H. Shah and N. Raykundaliya, “Retailer’s Pricing and Ordering Strategy for Weibull 

Distribution Deterioration under Trade Credit in Declining Market,” Applied 

Mathematical Sciences, Vol. 4, No. 21, 2010, pp. 1011-1020. 

24. Mishra VK, Singh LS (2011) Inventory model for ramp type demand, time dependent 

deteriorating items with salvage value and shortages. International Journal of Applied 

Mathematics and Statistics 23(D11):84-91 

25. Mishra et al. (2013) An inventory model for deteriorating items with time-dependent 

demand and time-varying holding cost under partial backlogging. Journal of Industrial 

Engineering International 2013, 9:4 

26. V. K. Mishra, L. S. Singh and R. Kumar, “An Inventory Model for Deteriorating Items 

with Time-Dependent Demand and Time-Varying Holding Cost under Partial 

Backlogging,” Journal of Industrial Engineering International, Vol. 9, No. 4, pp. 2013, 

pp. 1-5.  



MIJMRD, Vol. I, Issue IV, May 2017ONLINE ISSN-2456-2831 

Study of an Inventory Model with Time Varying ….. 85 | P a g e  
   

27. T. Singh and H. Pattnayak, “An EOQ Model for Deteriorating Items with Linear 

Demand, Variable Deterioration and Partial Backlogging,” Journal of Service Science 

and Management, Vol. 6, No. 2, 2013, pp. 186-190.  

28. Inventory Model for Deteriorating Items with Fixed Life under Quadratic Demand and 

Nonlinear Holding Cost. International Journal of Engineering and Innovative Technology 

(IJEIT) Volume 3, Issue 12, June 2014 

 

 


