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Abstract: In existing literature the inventory models are developed under supply chain model of a volume agile
manufacturing process for the deteriorating items. In this study, a model for the producer by assuming
production to be stock dependent and exponentially increasing and demand rate to be linear and quadratic
simultaneously with constant deterioration rate and holding cost is developed. Shortages are not allowed. This
whole study is studied in the inflationary environment. The mathematical expression for the total cost is derived
and it is minimized. A numerical example has been illustrated using MATLAB to describe the model.
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I.  Introduction

Stock dependent demand plays an important role in the inventory models. However, in previous years,
inventory models with stock dependent demand had received little attention from researchers. It is observed that
the demand rate is usually influenced by the amount in the stock. Gupta and Vrat (1986) had assumed demand
rate to be a function of the initial stock. Mondal and Phaujder (1989) considered demand rate to be linear and
non- linear functions of inventory in stock. Datta, T.K. et al (1991) Effects of inflation and time value of
money on an inventory model with linear time dependent demand rate and shortages. Chang, J.H. et al (2010)
developed partial backlogging inventory model for non-instantaneous deteriorating items with stock dependent
consumption rate under inflation. Padmanabhan, G. et al (1990) developed an EOQ model for items with stock
dependent consumption rate and exponential decay. Hong, J.D. et al (1990) considered the production policy
for linearly increasing demand and finite uniform production rate. Khouja, M. et al (1994) had assumed an
economic production lot size model with variable production rate and imperfect quality Khouja, M. (1995)
considered the economic production lot size model under volume flexibility. Khouja, M. (1997) developed the
scheduling of economic lot size on volume flexibility production system .Khouja, M. et al (2005) worked on
production model for a flexible production system and products with short selling season. Mandal, B.N. et al
(1989) worked on model for deteriorating items and stock-dependent consumption rate. Misra, R.B. (1975)
developed optimum production lot size model for a system with deteriorating inventory. Sana, S. et al (2003)
considered a volume flexible stock dependent inventory model. Sana, S. et al (2004) revised the volume
flexible production policy for a deteriorating item with time dependent demand and shortage Sana, S.S. (2007)
worked volume flexible inventory model for items with an imperfect production system. Singh, S.R. et al
(2010) considered supply chain models with imperfect production process and volume flexibility under
inflation. Singh, S.R. (2011) worked on deterministic two warehouse inventory model for deteriorating items
with stock dependent demand and shortages under the conditions of permissible delay. Singh, S.R. (2013)
developed three stage supply chain model with two warehouse, imperfect production, variable demand rate and
inflation Singh, S.R. Gupta V.(2013) considered an EOQ model with volume agility, variable demand rate,
weibull deterioration rate and inflation. The best production scheme depends on the swiftness of the production
system. Yet there is a wide scope in the corresponding models to make it more realistic due to present business
scenario. It is observed that the prices of everything going up over the time. Inflation can be described as a
decline in the real value of money, a loss of purchasing power. So it is more realistic to consider the inflation in
our model. In this paper deterioration rate and holding cost is constant and production rate is exponentially
increasing and stock dependent. In this article, an attempt has been made to develop an EOQ model in which
demand rate is considered linear and quadratic simultaneously to make it more realistic. The rest of this paper is
organized as follows. Section |1 describes the assumptions used throughout this paper. In section Il notations
used in paper are listed. The mathematical formulation is given in section IV. Section V describes the
mathematical solution of the problem formulated in section IV. The algorithm of the solution is provided in
section VI. Concluding remarks and suggestions for future research are provided in Section VII while a
numerical solution is mentioned in section VIII.
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Il.  Assumptions
The following assumptions are made in developing the model.
The inventory system is considered for two different items.
Production is exponentially increasing.
The demand rate is linear and quadratic for simultaneous equations of time dependent.
The deterioration rate is constant.
The inventory system is considered over a finite time horizon.
Holding cost is constant.
Lead time is zero.
Shortages are not allowed.
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I11.  Notations
The following notations use for inventory model.

D(t): A demand rate in a period [0, T]
P(t): Production rate in a period [0, T]
11p: Inventory for first item.
lop: Inventory for second item.
h: The planning horizon.
T: The replenishment cycle
Qy: Initial ordering quantity
N: The replenishment number in the planning horizon H
Cyp: The ordering cost per order
Cop: The purchasing cost per unit
Cap: The holding cost per unit per unit time
PC,: Purchasing cost in a cycle period [0, T]
OC;: Ordering cost
HC,: Holding cost
T Optimal length size
Qy: Optimal initial order quantity
TC(T,N): Total inventory cost
TC'(T",N): Optimal total cost in the period [0, T]

IV.  Mathematical Formulation
Consider the inventory model of dependent production exponentially increasing and demand rate linear
and quadratic for simultaneous equation respectively with constant deterioration. As the inventory reduces due
to demand rate as well as deterioration rate during the interval, the differential representing the inventory status
is governed by [0,T]
di (t)
T+Hl(t)=P(t)—D(t),OStST 1)

V.  Mathematical Solution
The solution with boundary condition I (T)) = 0 of the Equation lie interval 0 <t <t,

O"t]l;t(t)+6’|1P(t)=e°‘t—(a+bt),0£t£tP )
1 a b)) bt

lp(t)=—— (" -e*)-(1-e? (———)—— 3

P =" —e) - e 52 |-~ ®

And for another item in the interval t, <t <T

dljjpt(t)+0|2P(t):e“t—(a+bt+ct2),tPStST ()
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So the initial order quantity is obtained by putting the boundary condition in Equation (5) IZP(O) :QO.

Therefore,
(a+6)T
Q, _1 a—b+i2 b= scT o 8
o 0 0 a+0
al
—l(a—b+%j+ ¢
0 0 a+6
4.1 Ordering Cost
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4.2 Purchasing Cost

N-1
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i=0
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4.3 Production Cost for the cycle [0, T]

CP= ZU e ’”}

_ |:e(a—l’)tp _1:| 1_el‘h
| oa-r L
1-eN

4.4 Holding Cost for the cycle [0, T]

tp

(6)

()

(®)

I’t -t -rT
HC = Zc3p [0 dt+j J(te"dt e
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4.6 Total inventory cost TC(T, N) = Ordering cost (OCp) + Purchasing Cost (PC)
+ Cost of Production (CPp) + Holding cost (HCyp)

Therefore the total variable cost per unit time is
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The necessary and sufficient conditions for minimizing the total cost where TC is a function of T and N , put
dTC(T,N) d’TC(T,N)
dT 2

=0 And > 0, we get the optimal value of TC and cycle of production N.

VI.
To find the solution following algorithm is used

dTC(T, N)
dT

Algorithm

dTC(T,N) _

0
dT

Stepl: Find derivative and put

Step2: Solve equation for T
d°TC(T,N) d*TC(T,N)
2 2

Step3: Find the derivative and check > 0 for T optimal length

Step4: Find optimal total cost TC™(T", N) and initial order quantity Q" (T*, N)

VII.  Conclusion
In the present paper, we developed an inventory model for constant deteriorating item with inflation,
exponentially increasing production and demand rate are linear and quadratic for simultaneous equation
respectively and without shortages give analytical solution, numerical solution and that minimize the total
inventory cost. The holding cost is constant function with inflation. This model can further be extended by
taking more realistic assumptions such as finite replenishment rate, probabilistic demand rate and also can take
the production rate is different for different items etc.

VIII.  Numerical Solution
Consider an inventory system with the following parameter in  proper units
C

a=5b=7,c=3,¢d=086=0.2,C =Rs.200/order =Rs.2/unit,C =Rs.6/unit/ month,r =0.02
1P 3P

2P
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and h=36 months. The Computer output of the program by using Mat lab software is

N :12.03,Q0 =156.89 and TC™ = Rs.29758.81. As the production rate is exponentially increasing , if the

value of a decreases then Total Cost TC also decreases and the item having linear demand rate corresponds to
increase in Total Cost.
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