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ABSTRACT: An inventory model for Weibull deteriorating items with time varying demand under permissible 

delay in payments and inflation is considered. Holding cost is linear function of time. Shortages are permitted 
and are completely backlogged.  Sensitivity with respect to parameters has been carried out. Numerical example 

is taken to support the model. 
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I. INTRODUCTION 

The conventional inventory models did not take into account the effect of inflation. But during last two 

decades, the most of the countries economic condition has changed to such an extent due to inflation and there is 

change in the purchasing power of money. Therefore, it is not possible to ignore the effect of inflation. Buzacott 
[1] developed the first economic order quantity model by considering inflationary effects into account. A 

uniform inflation was assumed for all the associated costs and an expression for the EOQ was derived. Su et al. 

[2] developed model under inflation for stock dependent consumption rate and exponential decay. Chung et al. 

[3] developed the inventory replenishment policy over a finite planning horizon for a deteriorating item taking 

account of time value. Moon et al. [4] developed models for ameliorating / deteriorating items with time varying 

demand pattern over a finite planning horizon taking into account the effects of inflation and time value of 

money. Hou [5] developed an inflation model for deteriorating items with stock dependent consumption rate and 

shortages by assuming a constant length of replenishment cycles and a constant fraction of the shortage length 

with respect to the cycle length. 

 

Datta and Pal [6] and Bose et al. [7] have developed the economic order quantity model incorporating 
the effects of time value of money and shortages. Demand was considered as linear function of time. Hariga [8] 

extended Datta and Pal’s [6] model by relaxing the assumption of equal inventory carrying time during each 

replenishment cycle and modified their mathematical formulation. Hariga and Ben-Daya [9] extended Hariga’s 

[8] model by removing the restriction of equal replenishment cycle and provided two solution procedures with 

and without shortages. Ray and Chaudhury [10] developed an EOQ model with stock dependent demand, 

shortages, inflation and time discounting. Chung and Lin [11] extended the inventory replenishment model of 

Chung et al. [3] for shortages allowed in each replenishment cycles. Mishra et al. [12] considered a model for 

deterministic perishable items that follows variable type demand rate with infinite time horizon, constant 

deterioration. An inventory model for stock dependent consumption and permissible delay in payment under 

inflationary conditions was developed by Liao et al. [13]. Singh [14] developed an EOQ model with linear 

demand and permissible delay in payments. The effect of inflation and time value of money were also taken into 

account. 
 

In this paper we have developed EOQ model when demand rate is linear function of time, deterioration 

is two parameter Weibull distribution and inventory holding cost is linear function of time under inflationary 

conditions with permissible delay in payments. Shortages are allowed and are completely backlogged. 

Numerical example is taken and sensitivity analysis is also done. 
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II. NOTATIONS AND ASSUMPTIONS: 

The following notations and assumptions are used here: 

 

NOTATIONS: 

D(t) : a + bt,  Demand is linear function of time, where a > 0, 0<b<1 

A     : Ordering cost per order 

c      : Unit purchasing cost per item 
p      : Unit selling price of the item (p>c) 

h(t)  : x+yt, Inventory variable holding cost per unit  excluding interest charges 

c2     : Shortage cost per unit 

Q1    : Inventory level initially  

Q2    : Shortage of inventory 

Ie     : Interest earned per year 

Ip     : Interest charged in stocks per year 

R     : Inflation rate 

M    : Permissible period of delay in settling the accounts with the supplier 

T     : Time interval between two successive orders 

I(t)  : Inventory level at any instant of time t, 0 ≤ t ≤ T 
Q    : Order quantity 

α     : Scale parametrs (0 <α <1) 

β     : Shape parameter (β>0) 

αβtβ-1 : the two parameter Weibull deterioration rate. 

 

ASSUMPTIONS: 

The following assumptions are used in the development of the model: 

 The demand of the product is declining as a linear function of time. 

 Replenishment rate is infinite and instantaneous. 

 Lead time is zero. 

 Shortages are allowed and are completely backlogged. 

 The deteriorated units can neither be repaired nor replaced during the cycle time. During the time, the 

account is not settled; generated sales revenue is deposited in an interest bearing account. At the end of the 

credit period, the account is settled as well as the buyer pays off all units sold and starts paying for the 

interest charges on the items in stocks. 

 

III. THE MATHEMATICAL MODEL AND ANALYSIS: 

     Let I(t) be the inventory at time t (0 ≤ t ≤ T) as shown in figure.  

 

 
Figure 1 
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The differential equations which describes the instantaneous states of I(t) over the period (0, T) is given by 

 

 

β-1dI(t)
 + αβt I(t) = - (a+bt),

dt
    

10 t t ,                              (1) 

dI(t)
 = - (a+bt),

dt
     

1t t T.                                 (2) 

 

with the boundary conditions at I(0) = Q1, I(t1) = 0 and I(T) = - Q2. The solution of equation (1) and (2) 

using boundary conditions are: 

 

       

   

2 2 β+1 β+1 β+2 β+2

1 1 1 1

β β 2 2

1 1

b aα bα
a t - t + t - t + t - t + t - t  

2 β+1 β+2
I(t) = ,

bα
- aαt t - t - t t - t

2

 
 
 
 
 
 

   
10 t t ,              (3) 

   2 2

1 1

b
I(t) = a t - t + t - t ,

2
          

1t t T.                  (4) 

 

      (by neglecting higher powers of α) 
 

The initial order quantity at t =0 is obtained by putting t=0 in equation (3) 
2 β+1 β+2

1 1 1

1 1

bt aαt bαt
Q = at +  +  + .

2 β+1 β+2

 
 
 

                                                  (5) 

 

For t = T, I(T) = -Q2. So from equation (4), we have 

 

   2 2

2 1 1

b
Q  = - a t - T  - t - T .

2
                                                                      (6) 

 

The associated costs are: 

 

1. Ordering cost (OC) = A                                                                        (7) 

2. Holding cost: 

 

    
1t

-Rt

0

HC h(t)I(t)e dt   

     

 

   

1

2 2 β+1 β+1

1 1 1

t

β+2 β+2 -Rt

1

0

β β 2 2

1 1

b aα
a t - t + t - t + t - t

2 β+1

bα
 x + yt + t - t  e dt

β+2

bα
- aαt t - t - t t - t

2
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             (8) 

 

    (by neglecting third and higher powers of R)  

3. Shortage cost: 

 

     

1
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4. Deterioration cost: 

   
1t

-Rt

1

0

DC = c Q  - (a + bt)e dt
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                                          (10) 

 

To determine the interest payable and interest earned, there will be two cases i.e. case I: (0 ≤ M ≤ t1) and case II: 

(0 ≤ t1 ≤ M).  

 

Case I: (0 ≤M ≤t1): In this case the retailer can earn interest on revenue generated from the sales up to M. 

Although, he has to settle the accounts at M, for that he has to arrange money at some specified rate of interest 

in order to get his remaining stocks financed for the period M to t1. 

 
5. Interest earned per cycle: 

 

   

M

-Rt

1 e

0

IE = pI (a + bt)te dt
M

2 2

e

0

1
= pI (a + bt)t 1 - Rt + R t dt

2
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         2 5 2 4 3 2

e

1 1 1 1 1
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10 4 2 3 2

  
  
  

      (11) 

 

6. Interest payable per cycle for the inventory not sold after the due period M is 
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The total cost per unit during a cycle C1(t1,T) is consisted of the following: 

 1 1 1 1

1
C (t ,T) = OC + HC + DC + SC+IP - IE

T
                                                 (13)  

 

Putting values from equations (7) to (12) in equation (13) we get the total cost for case I. 

Differentiating equation (13) with respect to t1 and T and equate it to zero, we have  

1 1 1 1

1

C (t ,T) C (t ,T)
 = 0,  = 0.

T t

 

 
                                                                                    (14) 

 

By solving equation (14) for t1 and T, we obtain the optimal cycle length t1=t1* and T = T* provided it 

satisfies equation  

 
2 2

1 1 1 1

2 2

1

C (t ,T) C (t ,T)
 > 0,  >0

T t

 

 
 and 

2 2 2

1 1 1 1 1 1

2 2

11

C (t ,T) C (t ,T) C (t ,T)
 -  > 0.

T tT t

       
     

       
                            (15) 

 

Case II: (0 ≤t1 ≤ M): In this case, the retailer earns interest on the sales revenue up to the permissible delay 

period and no interest is payable during this period. So 

7. Interest earned up to the permissible delay period is:  

 

       
1t

-Rt

2 e 1 1 1

0

IE = pI (a + bt)te dt + a + bt t M - t
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 16) 

 

8. IP2 = 0.                                                                                           (17) 

 

The total cost per unit during a cycle C2(T) is consisted of the following: 

 2 1 2 2

1
C (t ,T) = OC + HC + DC + SC+IP - IE

T
                                                                                (18) 

 

Putting values from equations (7) to (10) and (16), (17) in equation (18) we get the total cost for case II. 

Differentiating equation (18) with respect to t1 and T and equate it to zero, we have  

2 1 2 1

1

C (t ,T) C (t ,T)
0, 0.

T t

 
 

 
                                                                                                           (19) 

 

By solving equation (19) for t1 and T, we obtain the optimal cycle length t1 = t1* and T = T* provided it satisfies 

equation  

 
2 2

2 1 2 1

2 2

1

C (t ,T) C (t ,T)
 > 0,  >0

T t

 

 
 and 

2 2 2

2 1 2 1 2 1

2 2

11

C (t ,T) C (t ,T) C (t ,T)
 -  > 0.

T tT t

       
     

       
                              (20) 

 

 

IV. NUMERICAL EXAMPLE: 

Case I:  
Considering A= Rs 100, c = Rs. 25, p = Rs 40, Ip = Rs 0.15, Ie=0.12, M=0.08 years, α = 0.04, β=2, 

a=1000, b=0.05, x=5, y=0.05, c2 = Rs. 8, R = 0.01 in appropriate units. Then we obtained the optimal value of 

t1* = 0.1155, T*=0.2099 and the optimal total cost C1* = Rs. 753.3544 and the optimum order quantity 
Q*=209.9216. 

 

Case II: 

Considering A= Rs 100, c = Rs. 25, p = Rs 40, Ip = Rs 0.15, Ie=0.12, M=0.18 years, α = 0.04, β=2, 

a=1000, b=0.05, x=5, y=0.05, c2 = Rs. 8, R = 0.01 in appropriate units. Then we obtained the optimal value of 

t1*= 0.1301, T*=0.1879 and the optimal total cost C2* = Rs. 461.7638 and the optimum order quantity 

Q*=187.9302. 
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The second order conditions given in equations (15) and (20) are also satisfied. The graphical representation of 

the convexity of the cost function for the two cases is also given. 
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V. SENSITIVITY ANALYSIS: 

On the basis of the data given in example above we have studied the sensitivity analysis by changing 

the following parameters one at a time and keeping the rest fixed. 

 

 
 

 
 

From the table we observe that as parameter a increases/ decreases, order quantity and average total 

cost increases/ decreases for case I and average total cost decrease/ increase and order quantity increase/ 

decrease for case II. We observe that with increase and decrease in parameter α, there is corresponding very 
slight increase/ decrease in total cost for both cases. 

 

Also we observe that with increase and decrease in parameters x, there is corresponding increase/ 

decrease in total cost and decrease/ increase in total quantity for both case I and case II. Moreover, we observe 

that with increase and decrease in the value of M, there is corresponding decrease/ increase in total cost in both 

case I and case II, but there is slight decrease/ increase for case I and case II in quantity. Also, we observe that 
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with increase and decrease in the value of R, there is corresponding increase/ decrease in total cost for both case 

I and case II, where as there is little change in quantity for both case I and case II. 

 

VI.  CONCLUSION 

In this paper we have developed an EOQ model for deteriorating items with linear demand, time 

varying holding cost and complete backordering under inflationary conditions and permissible delay in 

payments. Sensitivity with respect to parameters has been carried out. The results show that with the increase/ 
decrease in the parameter values there is corresponding increase/ decrease in the value of cost.  
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