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Abstract
We have undertaken to extend the idea of Hou by taking Weibull 
form of three parameter deterioration. This is the most practical 
form of deterioration as it gives scope to consider various forms of 
deterioration. Also, Hou has considered stock-dependent demand, 
which although is very practical, but becomes unrealistic when 
taken in the context of some products such electronic equipments 
amd mobile phones. The demand of such products do not depend 
on the amount stocked but keeps on increasing with time, due to 
increasing dependence of people on technology. Hence, in this 
paper, we have taken exponential demand and studied the effects 
of inflation on a weibull distribution deteriorating inventory.
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І. Introduction
Many researchers have observed that the presence of greater 
quantity of the same item tends to attract more customers. This 
implies that holding higher inventory level will probably make the 
retailer sell more items and under this situation, the demand rate 
should on the inventory level. Gupta and Vrat (1986) developed 
models for sale environment to minimize the cost with the 
assumption that the demand rate is a function of order quantity. 
Padmanabhan and Vrat (1990) built an inventory model under a 
constant inflation rate for initial-stock dependent consumption 
rate. Further, in the direction of EOQ model , we take the basic 
assumption is that all costs associated with the inventory system 
remains constant over time and this is unrealistic because the 
resource of an enterprise depends very much on when it is used and 
this is highly correlated to the return of investment. From a financial 
point of view, an inventory represents a capital investment and 
must complete with other assets for a firm’s limited capital funds, 
therefore, taking in to account the time value of money is critically, 
especially when investment and forecasting are required. Buzacott 
(1975) was the first who disobey this assumption in this direction 
when he developed an EOQ model with constant demand and 
single inflation rate subject to different types of pricing policies. 
Later Chandra and Babner (1985), Vart and Padmanabhan (1990), 
Dutta and Pal (1991), Bose et al (1995), Hariga and Ben Daya 
(1996) Chung et al (1997). Ray and Chaudhari (1997) also studied 
the effect of inflation and time value of money on inventory. 
Chen (1998), Chung et al (1998), Sarkar et al (2000), Liao et al 
(2000), Wee and Law (2001), Chang and Lin (2001), Yang et al 
(2001), Chung (2004), Yang (2004) also studied the effects of 
inflation on inventory. Hou (2006) derived an inventory model 
for deteriorating items with stock dependent consumption rate and 
storages under inflation over a finite planning horizon.
We have undertaken to extend the idea of Hou by taking Weibull 
form of three parameter deterioration. This is the most practical 
form of deterioration as it gives scope to consider various forms of 
deterioration. Also, Hou has considered stock-dependent demand, 
which although is very practical, but becomes unrealistic when 

taken in the context of some products such electronic equipments 
and mobile phones. The demand of such products do not depend 
on the amount stocked but keeps on increasing with time, due to 
increasing dependence of people on technology. Hence, in this 
paper, we have taken exponential demand and studied the effects 
of inflation on a weibull distribution deteriorating inventory.

ІІ. Mathematical Modeling and Analysis
The following assumptions and notations have been adopted for 
the proposed model to be discussed:

Deterioration of the items begins after a definite time.• 
Deterioration rate varies with time and follows a three • 
parameter weibull distribution.
There is no repair or replenishment of deteriorating items • 
during the period under consideration.
Single item inventory is considered.• 
The demand rate is deterministic and is an increasing • 
exponential function of time.
Replenishment is instantaneous.• 
Inflation and time value of money is comsidered.• 
Shortages are not allowed in the first model and are allowed • 
and completely backlogged in the second model.
Product transactions are followed by instantaneous cash • 
flow.

The following notations are used in our study:
f(t) : Three parameter probability density function for the rate of 
deterioration, and defined as  Where α is the 
scale parameter (α > 0), β is the shape parameter (β > 0) and γ is 
the lifetime of the commodity.
Z(t) : Weibull instantaneous rate function for the stocked items, 
and defined as

Ii(t) : Inventory level at any time t, i = 1,2,3.
D(t) : Demand rate (unit/unit time), and defined as

are constants.
r : Constant representing the difference between the discount rate 
and inflation rate.
C : Purchasing cost per unit item.
C2: Shortages cost unit backordering per unit item. 
i : Inventory holding cost friction.
A : Setup cost per cycle.

ІІІ. Deterministic Model Without Shortages [ Model І]
Let the model starts with an initial inventory level I0 unit. During 
the period [0,r], inventory level decreases due to demand. During 
the time interval, [r,T], the inventory level decreases due to demand 
and deterioration until it becomes zero at t = T. Shortages are not 
allowed. The inventory system at any time can be represented by 
the following differential equation

   (1)
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   (2)
Using the boundary condition I1(0) = I0 and I2(T) = 0.
Now integrating (1), we get

To find the value of integration constant B1, using the boundary 
condition I1(0) = I0, we get

   
Therefore, we have

   (3)
from equation (6.3.2), we get after integration

or

Now using the boundary condition, I2(T) = 0, we get

this implies that

therefore

or

 (4)
From equation (3) and (4), we get after taking t as r and 
I2(r) = I1(r)

   (5)
The total cost of this model includes the replenishment cost, 
material cost and holding cost. Our objective is to minimize the 
total cost when the time value of money with compounding interest 
rate is considered.

A. Present Worth Setup Cost
The setup cost is considered at the beginning of the cycle and is 
taken as 
 SP = A      (6)

B. Present Worth Inventory Cost
Inventory is purchased at t = 0, hence the present worth inventory 
cost is
IC = I0C

  (7)

C. Present Worth Holding Cost
Inventory occurs during [0,r] and [r,t], hence the present worth 
of inventory carrying cost is
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   (8)

D. Present Worth Total Costs
The Present worth of the total cost of the system is
TC = ST + IC + HC    (9) 
TC is a function of a single variable T, hence the necessary 
condition for optimality is

Now

  (10) 

ІV. Deterministic Model With Shortages (Model ІІ)
Let I0 units present in the system. During the period T1 inventory 
level decreases due to demand only. After T1, inventory starts 
deteriorating and inventory level decreases due to demand and 
deterioration during [T1,T2] and eventually becomes zero t = T2, 
shortages are accumulated until t = T before they are backordered. 
The following differential equations describe the state of the 
system at any time t.

  (11)

  (12)

  (13)
Using the boundary conditions I1(0) = I0, I2(T1) = 0, I3(T1) = 0, 
we get from equations (11) to (13),

  (14)

 (15)

 (16)
Again from equation (14) and (15), we get 

 (17)
The total cost of the system includes the replenishment cost, 
material cost, holding cost and shortage cost.

A. Present Worth Setup Cost
The model has two setup costs, the first one occurs at the start of 
the cycle and the second one at t = T.

    (18)

B. Present Worth Inventory Cost
Inventory is purchased at t = 0 and t = T, hence

  (19)

C. Present Worth Holding Cost
Inventory occurs during [0,r], [r,T1], hence the present worth of 
inventory carrying cost is
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   (20)

D. Present Worth Shortage Cost
Shortage occurs in the model during the interval [T2, T], the present 
value for shortage cost is

  (21)

E. Present Worth Total Cost
The total cost of the model is given by
 TC = SP + IC + HC + SC
and TC is a function of two independent variables T1 and T, hence 
the optimality requirement is 

  
Hence

 (22)

 (23) 
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