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Abstract: Problem statement: An exponentially decaying inventory was first deygd b¥'%. The
certain commodities were observed to shrink witietiby a proportion which can be approximated by
a negative exponential function of time. Here, tlevelty we took into consideration was that a
constant hazardous rate followed by the two-paramekponential distributionApproach: We
studied the inventory system with two-parameteroamemtial distributed hazardous items in which
production and demand rate were const®etults. The mathematical model was developed with an
exponential distribution hazardous item to obthim total cost per unit time of an inventory systém.
was illustrated with the help of numerical examglbe inventory controlled systems in terms of first
order differential equations were solved numencalhe effect of changes in the model parameters on
decision variables and average total cost of amrntory system were studied through numerical
example.Conclusion: This study minimized the total cost for constaatdrdous rate of exponential
distribution.
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INTRODUCTION deterioration is studiéfifor the fashion goods industry.
Earlier some researchers considered continuously
Inventory may be considered as an accumulation oflecaying inventory for a constant dem&#hdAn order-
a product that would be used to satisfy future detea level inventory model was presented for deterioati
for that product. It requires a policy to contrblat items with a constant rate of deteriorattdnAn order-
inventory. Since the pioneering resedfcinventory level inventory model was also develofkdby
models are being treated by mathematical techniquesorrecting and modifying the erf# in calculating the
Until the nineteen fifties only inventory modelstiwvi  average inventory holding cost. A variable detetion
deterministic demands were considered. After theate of two parameter Weibull distribution was used
nineteen fifties, due to developments within theotly  formulate a model with the assumptions of a corstan
of stochastic processes, the research on inventojemand rate and no shortdes A model was
models with stochastic demands initiated. In alldeveloped for determining the production rate with
inventory models a general assumption is that prtsdu deteriorating items to minimize the total cost flimc
generated have indefinitely long lives. In general,over a finite lolanning peridd. An extended the
almost all items deteriorate over time. There aemyn model®, giverd” to deal with a case in which the
other products in the real world that are subjecat finished product is also subject to a constant wHte
significant rate of deterioration. The impact obguuct decay. A multi-lot-size production-inventory system
deterioration should not be neglected in the decisi was considered for deteriorating items with coristan
process of production lot size. Deterioration can b production and demand raftsThis type of inventory
classified as age-dependent on-going deterioratiwh  control problems have been studied alsGy>**!
age-independent on-going deterioration. Since long In this study we study the inventory system with
time, researchers are engaged in analyzing inwentortwo-parameter exponential distributed hazardous ite
models for deteriorating items such as volatilaitig, in which production and demand rate are constant. A
medicines, electronic components, fashion good#sfr exponentially decaying inventory was first develbpe
and vegetables. At the end of the storage periothy*”. The certain commodities were observed to shrink

Corresponding Author: Azizul Baten, School of Distance Education, Unsigr Sains Malaysia 11800 USM, Penang,
Malaysia Tel: 604 6534746 Fax: 604 6576000
183



J. Social i, 5(3): 183-187, 2009

with time by a proportion which can be approximated The notations that are employed in this study:
by a negative exponential function of time. Heteg t
novelty we take into consideration is that a camsta u

Units of the production rate per unit

hazardous rate followed by the two-parameter time
exponential distribution. The probability density y = Actual demand of the product per unit
function of a two-parameter exponential distribotis time
given by: ] 1 .
H(t;p,0) =5 " A constant hazardous rate per unit time
f(t;1,6) :lexp{—(t—p)/e} , t>p and & ( A = Set up cost per order
0 h>0 = Inventory holding cost coefficient per
Where: unit time
eie. i X(t) = Inventory level of the product
K =The location parameter K = Production cost per unit time
6>0 = The scale parameter X(0) = Initial inventory

The probability distribution function is: RESULTS

F(tn.8)=1- ex;{—( t_”)/e} Development of the model and solutions: The
. objective of the inventory problem here is to detiee

The hazardous rate of the on-hand inventory '$he optimal order quantity so as to keep the total

given by: relevant cost as low as possible. Let x(t) be thdand
ftwe 1 inventory at any instant of time ¥&T). The state
H(t;u,9)=m=6, t=0, 6>0 level of inventory amplify due to production ratada

depletes due to demand rate and hazardous—;ratﬂ
. We are concemed with an inventory system for_ a?xponential distribution. The dynamics of the state
single product subject to two-parameter exponential . . 3
. : : . equation of inventory level x(t) of the producttiame t

hazardous item to determine a production cycle fime . . X .

. h» . . over period [0, T] is governed by the differential
this study. The objective of this study is to degeh N

. - : equation:

mathematical model for obtaining an optimal purehas
quantity for constant hazardous item associated wit
exponential distribution during the cycle time. To dx(t):|:u— y—lx(t)} dt, O<t< T 1)
minimize the total cost per unit time of an inveyto 0
production system is also our interest. The effefct
changes in the model parameters on decision vasabl with boundary conditions x(0) = 0 and x(T) = 0.
and total cost of an inventory-production system is  The solution of differential Eq. 1 using boundary

studied through numerical example. equation x(T) =0 is:
MATERIALSAND METHODS 1
x(t) =x(0)exp —= t

Basic model assumptions and notations: The .
following are the assumptions applied in the pregios +j'[u—y]exp{—1(r— t)j d, forald [o,T]
model: o 0
» Afinite planning horizon is assumed from which we have:
* The production unit of the product is available and

it can meet the demand B 1
e The inventory system deals with single item X =[u yje{l ex[{ 6( T ﬁﬂ
e The demand rate for the product is known and

constant And assuming8<l, an approximate value is
* Shortage is not allowed obtained by neglecting those terms of degree greate
* The hazardous of units in inventory follows anthan or equal to 2 ifi using Tailors series expansion of

exponential distribution the exponential functions:
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x(t) =[u—y:|[(T—t)— (Tz_et)z} 2 3_$:0

The inventory holding cost in the system duringand

production cost per unit time is:

2
g KZ >0 forallT>0
17 T
IHC:?J‘x(t) dt
° ) Therefore we obtain:
_1 I (T-1)
=—h[u- y]J‘ (T-1)- dt (3)
T 0 29 oK __(u-y)h_2uk_2A_,
1 aT 60° T T
=—hT[u-y[®-T].
~hTu-y[®-T]
and
Using x(0) = x and by (2) we obtain:
2
a—K:i[uk+A]>O forall T>0
- T? aT> T
x(t)=[u-y] T—%

i.e., the second derivative is found to be positive
The number of units that hazarded; H(T) during

one cycle time is given by: DISCUSSION
. _ T2 Numerical illustrations. Consider an inventory system
H(T) =%(t) -[u-y]T=[u-y] T with the following parametric values in the proper
units: A = $50/set up, u = 70 units/unit time, y38
So, cost of hazardous rate per unit time is: units/unit time, k = $15/unit time, h = 3 unit/utine,
H(tu,0)=0.08, 8=— ~ =125T = 4.7081 unit
ch=Xru-y)| -= 4 H(t:11.8)
_?[u y] 20 @ time. Then from (3-7) we obtain IHC = $247.02
CH = -$112.99, PC = $223.01, SC = $10.62 and
The production cost per unit time is given by: K(T) = $78.09 respectively. _
The inventory level x(t) in terms of the first-emd
|:'C_u_k ) differential Eq. 1 is solved numerically using the
T mathematical package MATLAB version 6.5. For this,
Fig. 1 shows the convergence of the optimal invgnto
The set up cost per unit time is given by: with unit time towards inventory goal level
X(t) (say)about 3.25.
A
SC=— 6
= (6)

0
\
i
i

d

Therefore by (3-6) the average total cost per unit -
time is given by: x

Il ety e

—

K(T) :%[IHC +CH+PC+ SC|
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Our objective is to minimize the total cost pertun Time
time K(T). The necessary condition for total cogTK

to be minimum is: Fig. 1: Inventory level of the product at time t
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260 Table 1: Hazardous rate
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“m\ 1 Figure 2 shows that when hazardous rate increases,
. 1 inventory holding cost per unit time increases at a
~ certain level (say $247.02 per unit time) and tliten
NG 1 gradually decreases. Figure 3 shows that when
- S 1 hazardous rate increases, cost of hazardous ratejte
3 -220 ~— ] time decreases. Figure 4 shows that when hazardous
-240] ~ rate increases, average total cost per unit tirneases
2260 . . , , , ) at a certain level (say $78.13 per unit time) thestarts
0.06 0.0 0.1 0.1z 0l 0.16 018 declining. Figure 5 shows that when hazardous rate
Hazardous rate increases and inventory holding cost increasesagee
total cost per unit time increases at a certaiell¢say
Fig. 3: Cost of hazardous rate per unit time $78.13 per unit time) then it abruptly decreases.
80 s ; CONCLUSION
- e The optimal inventory control problem with
z T L ] exponential distributed hazardous item is studretithe
56t R 1 mathematical model is developed for optimal purehas
3 ol / | guantity. The average total cost per unit timedswkd
b J/ N and is found be a relatively simple expression. e\,
2 5l | this study minimizes the total cost for constargandous
sy E rate of exponential distribution.
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