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Abstract

The study of deteriorating items-inventory system has been drawing more interest since it influences
the cost of a retailer. In any organization, consumer’s rate of demand depends upon selling price as well
as it depends also on deteriorating items of the product. There are many causes of deteriorating items of
the product such as time, selling price, stock level of items, capacity of warehouse, quality and quantity,
consumer’s needs of the product etc. The study have developed an inventory model with price and time
dependent demand of deteriorating items where deterioration rate may be considered as variable or constant
type. With the help of numerical example, optimum profit function has been illustrated. Sensitivity analysis
has also been derived to study the effect of the parameters connected with the proposed model.
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Introduction

In the real life situation, it is quite difficult to maintain the deteriorating items inventory. The
deteriorating item has a significant impact on the cost of the system. Normally the products are
stored the product for present or future use but due to deterioration, fraction amount of product
is decayed or spoilt, and cannot satisfy the future demand. The loss due to deterioration cannot
be neglected. Due to deterioration, inventory system faces the crisis of shortages and loss of profit.
Shortage is a fraction of those customers whose demand is not satisfied in the current period.
During shortage period, the demand is either backlogged or lost. Therefore it is very important to
discuss the deteriorating behaviour of such type of inventory.

Literature Review

Classical deterministic inventory models considered the demand rate to be either stock
dependent or constant or time dependent. It has been observed that decrease in price of the
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product generally has a positive effect on demand of the product. It becomes a necessity to make
a proper strategy to maintain the inventory economically. Ghare and Schrader (1963) describe the
optimal ordering policy for exponentially decaying inventory.

Deb and Chaudhari (1986) explained inventory model with time dependent deterioration
rate. Jie, Zhou, and Zhao (2010) have established a deteriorating inventory model considering
stock dependent demand. Mandol, Dey, and Maiti (2007) worked on a single period inventory
model of deteriorating product in which they considered that demand is function of time only.
Kaur and Sharma (2012) have established an inventory model for deteriorating item with price
and time dependent demand but they assumed that the rate of deterioration is constant. However,
constant deterioration is the feature of static environment, while now-a-days, for such a dynamic
atmosphere nothing is constant or fixed. Kumar and Singh (2015) derived an inventory model,
consumer’s demand in the super market is not only depend upon stock of inventory level but it
also depends upon selling price of items.

Research Gap & Contribution of Study

The present model has been developed considering the demand rate as a function which is
inversely proportional of price and directly proportional exponentially decreasing with increasing
time. In this model, all the possible cases of deterioration rate of on hand inventory has been
consider that is deterioration rate of on hand inventory is a increasing function of time, decreasing
function of time or constant. The goal of modelling for inventory system such inventory items is to
optimize the total profit of the system per unit time per cycle.
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Figure 1. Geometry of the proposed model

Notations

The following fundamental notation is used to develop the model:

w(f) Deterioration rate of on hand inventory at any time t
P Selling price per unit of the item

T Total time-period of a cycle

C, Purchase cost per unit item

D(t,p) Demand function
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A Ordering cost per cycle per unit time
I(t) Inventory level at any time t
C, Holding cost per unit per unit time
A Any constant number
B Any constant number
C, Deterioration cost per unit item
PF* Optimal profit per unit time per cycle
Z (t) Stock loss at any time t
V4 Total stock loss per cycle
Assumptions

1:  The deterioration rate of on hand inventory at time t is considered as

u(t) = ﬂtﬁ_l, where 0<z(t)<1
for p=1; u(t)  is constant .
>1; t)  1isincreasing function with t .
B g
p<1; u(t) s decreasing function with t.

2. The demand function D(t,p) is exponentially decreasing with time and inversely decreasing
with the selling price p and is expressed as

—0Ot
e

D(t,p) = ,
P Where 0 is a constant.

3. Lead time is zero.

4. Shortages are not permitted.

Mathematical Analysis

In interval [0,T], the inventory level reduces due to deterioration and demand. If I(f) be the on
hand inventory at t = 0, then at time t + A t, the inventory level in the interval [0, T ] will be

I(t+A8) = I()— i (I ()AL -D(p,t)At
Where the deteriorating rate u(t) = /11/)7 -1 : 0<u(®)<1 and the demand function

e—Ht
D(t, p) ZT

Dividing by A t and then taking limitas At — 0

@ ADMAA 66 Amity Journal of Operations Management



Volume 1 Issue 1 2016 AJOM

di () _
=T (1@ =D, p) @

With initial condition
IT)=0att=Tand I(t)=1(0) at t =0 2)

Solving the differential equation (1) with help initial conditions, an inventory level I(t) at any
time t is described as follow:

A

1(t)= 1(0)5(@}3 +d(p)-1)

bl 5
d(p) d(p)

For the comparison study let the proposed inventory level, is the inventory level without
deterioration of the items and I (t) is an inventory level at any time t and in interval [0, T] reduced
due to only demand. If I () be the on hand inventory at t > 0, then at time t + A t, the inventory in
the interval [0, T ] will be

I(t+A) =1 (t)- D(t, p)At

B+l (B+1) 2(B+1) 2(B+1) (3)

Dividing by A t and then taking limit as A t -0

dr, (1)
dt

The boundary condition

:'D(trp)

I (T)=0att=Tand I (t)=1(0)att=0

Solving the above differential equation with boundary conditions the inventory level without
decay or deterioration of the items I (t) at any time t is described as follow:

~ (eigt -1)
1,0 =10+

(4)
Now the stock loss Z (t) at any time t due to decay or deterioration of the items in the
time interval [0, T] is the difference between the level of the inventory of without —decay, or

deterioration of the items with the level of the inventory ,of decay or deterioration of the items and
is given by

Z() =1, ()~ 1(1)

_ G
Z(t)={1(0)+ o y=1(1) 5)
Using (3), reduced to
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T b= 1(0)e V™ +(d(p)-1) i)

Z(t)={1(0) +

(1-0) oo o 200 B0 (fr)2er
(B+1) 2(6+1) 2B +1) .

R {t {[ B
d(p) B+l

Total demand during the time interval (0,T) is given by

ot

D(t, p) :jidt
2 D

B+2) 2p+1)

NG)
Op )
Total stock lost for the duration of the time interval is given by
A A
155 4 1 H -1 150 i
Z=IOTZ(t)dt:I(0)IOT{1—e(ﬂ ) }dt+%j0 fe l}dt+%.|‘fe(ﬁ Y i
10 f[i]” 1B { &) up’@ﬁﬁ*‘e{ﬁtﬁ (,B+2)l6’2tﬂ”e{ﬁ}ﬂ
——j te 7" [ ](1 o)t e VM L+ 07 + +
Dy B+1 (B+1) 2(p+1)
(B+ l)ﬂ,zatz'”*]e{ﬁ}ﬁ
+ dt
2(6+1)
Z2=10) -2 L Ay LAl I s V
(ﬁ'+1) 2°8+1 ¥ | ap 0

1 HT A LAy TZ'M} 2B~ 0){T/’ AT A T”}

p (ﬁ+1)(ﬁ+2) T2 gt B+ [ B (B+D 28 2 p+1

ol Ak T”“Hwe N UL SN T‘”’}

(B+1y 2 p+1 s+ 2 28 (B+D 3B 2 p+1
+,1(ﬂ+2)92{ LS e | LAy TW} o(p-1) {T_ A LAy T H
( 2 B+l P (ﬂ+1) 2 B+1
®)

2(+1)

Lot size Q = Total demand+ Total deteriorated item
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O =D(p,0)+Z(T)

__(efﬂlil) ﬂ, 12 TZ/H] @_
Or= 6p +I(O){(ﬂ+l) 2(,8+1) Zﬂ*‘} 6’p|: 6 T}

LIPS ey LAy LI ApA-0) T A TV 1 Ay T
ol B T2t ey ey 2 gl
+92{T- A ity I;Zﬂ:l} {Mﬁ g +’1Z€HTM 2 1T sl Aoy Tw}
(/3+1) 2 g+ B+ 2 J[28 (B+D) 3B 2 B+1
+/1(ﬁ+2)6’2 T+ A T2 (7)2 73+ +H(p—l) T. A 1 (7)2 72+
2+ [(B+2) 2AB+1) "2y p (/3+1) "2

©)

The Lot size Q, is the starting on hand inventory or the inventory at time t=0 that is I(0) hence
1(0)=Q, therefore on hand inventory at any time I(t) can be derived using (9) as:

ot 24+1 p+2 264292
10)==¢ ){H A . T } 1{_ _(T A, T

0p (B+1) _E(E) [ gp B+ 2B+ (+2)

+(1- e"’){—l‘ T H+1[T+ e e e
6 6(p+1) 2008+D)°2B+D) | p- (B+D(B+2) 4B+D)2E+D)
R it S e S TR }
2AB+D'QA+) 2AB+D(B+2) 2B+ 2A+1)NB+2)
L ABA- 9){ L S S i S S SO Wit/ L TP +5)
(B+) | B BB+ 2B+ 288+ 6B(B+) 2B(B+1FQ2E+D) 128(B+D (2B +1)
~ T3 } G- A TP TR T T
R2A(B+1) 2B +1) (B+D* B+ (B+D' 2B+D)’Q2B+1) 2B+’ (2B +])
LTy T }r{ 2280 JZQHTW P T G N w5
(B+D'QA+D)  AB+D)'(2p+1) (B+D) 2 J| 28 2B(B+1)’ 3B(B+1) 8B(B+1)
TR@p) | TV TR - T2 j|+l(ﬂ+2)6’2]: I
BB+ 2+1) 8B(B+D' 64(B+1)'2A+1) 168(B+D'2B+1)| 2B+ |(B+2) 2B+1)
LT T T4 R e S v SO Wt
B+D(B+2) 2B+D" 2B+’ QA+D(B+]) 2B+1D)'GA+2) 4B+D'2A+D) 2+1)'(3S+2)
~ /528 } O(p- 1)[ T . T”*ZA T2 T2 +4B+ )
4B+ 2B+DBL+2) P B+ (B+1)? 2(ﬂ+1)2(2ﬁ+1) (B+D 2B+
I S S S }
BB+ AB+D'(2p+1)

Amity Journal of Operations Management 69 @ ADMAA



AJOM Volume 1 Issue 1 2016

Op (B+1’ 2 p+10 M _(ﬁ+1)2+2(ﬁ+1)2(ﬁ+2)

+1-e™ )ef(ﬁ}ﬁ { 1 ! T8 4 T2 H+ ! e{ﬁ]’ﬁ [T+ T2 T2 4

oy [ A 2441 B2 2842 92 A\
1= 0= T {1+ L L AT }+9‘H—T LI/ }e[ﬂ”)
p

0 0p+1) 2008+1°2B+D ]| p (B (B+2) 4B+ +1)
. LR S S5 . T }
AB+1’2+1) 2B+ (B+2) 2B+ QA+1(S+2)
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LT Ty } { 2p0 w}e[ﬂi,}” F"ﬁ PV I SV o5
(B+D'Q2B+D) 4B+D'QB+D’ | ((B+) 2 28 2B(B+1° 3B(B+1) 8B(B+1)
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4B+D'2B+DBB+2) p (B+DP (B+17 2B+1'Q2B+D)  (B+)'(2B+D)
et e NP s {t . {(W](l —e)t/“}+ .
(B+1)'2B+1) 4B+1)'24+D p P B+l

2P0 (B0 (prDAor }
(B+D 2B+1 2B+

(10)

Total sales revenue item per unit per cycles represented by

: —01 _
SR:,{JD@,M:,,[_%

The Cost function CF(T, p) has been calculated using the following relevant inventory cost
factor per unit per cycle

(@) Aisthe setup cost per cycle

(b) Purchase cost per cycle

PC=C,Q,
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The deterioration cost per cycle is represented by

L, _ 0T
DC=c, [10 - D, p)dt} =c, [10 —(IHL)}
0 P

(c) Inventory Holding cost / storage cost per cycle
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Total cost of the system per cycle is given by

CF(T ) _ | Setup cost A4+ Inventory holding/storage cost HC +
P Deterioration cost DC + Purchase cost PC

Or CF(T,p)=[A+HC+DC+PC]|
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Hence, profit of the inventory system per unit time per cycle is expressed as

PF(T,p)= %[Sales revenue SR — Total cost of the system CF(T,p)]

PF (T, p)= 4 SR—(4+ HC+DC+ PC)]

CASE 1: The profit of the system per unit time per cycle PF (T,p) is function of only P. Now in
this case the profit of the inventory system per unit time per cycle is expressed as

PF(p):%[SR—{A+HC+DC+PC}]

The optimal value of P that is P* derived by satisfying the following necessary condition

OPF(p) _ 0
op ’
Along with the following sufficient condition
0> PF
———<0
op’

CASE 2: The profit of the inventory system per unit time per cycle PF (T,p) is function of only
T . Now in this case the profit of the system per unit time per cycle is expressed as

PF(T):%[SR—{A+HC+DC+PC}]

The optimal value of T thatis T* obtained by satisfying the following necessary condition

OPF(T) _ 0
or ’
2PF
Along with the following sufficient condition a7 <0

CASE 1: The profit of the system per unit time per cycle PF (T,p) is function of selling price P
when on hand inventory reduces to zero.

Numerical Analysis

An inventory system by satisfying both the above necessary and sufficient conditions of
maximization, using Mathematica Software, the following parameter in proper unit are derived

¢, =$0100/unit, c,=8$0100/unit/ year, ¢=$2/unit, 6=0.002, 1=5;
p=4, T=2 years, A=100, t, =0.04,C, =$ 9000000/ unit item,
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Using the above parameter the optimal selling price P* and the optimal profit of the system PF
per cycle respectively is calculated as

The optimal selling price =$ 1.10573x10’,

Optimal profit of the system per cycle PF =$ 2.16312x10",
CASE 2: The profit of the system per unit time per cycle PF (T,p) is function of time T per cycle
only when on hand inventory reduces to zero.

Numerical Analysis

An inventory system by satisfying both the above necessary and sufficient conditions of
maximization, using Mathematica Software, the following parameter in proper unit are derived

¢, =$01/unit, c,=3%01/unit/ year, 6=0.002, 1=2;
B=2, p=$30/unit item, A=100, t, =0.08,C, =$ 20/ unit item,

Using the above parameter the optimal time T* per cycle and the optimal profit of the system
PF per cycle respectively is calculated as

The optimal time per cycle T ¥ 20.8967 year,
Optimal profit of the system per cycle PF" =$ 4670.88,

Sensitivity Analysis

Sensitivity analysis is derived by varying the specified parameter 0, A,  and ¢, by -50%, -25%,
+25% +50% keeping the remaining parameter at their standard value.

Table 1: Sensitivity analysis by changing the specified parameter 0, A, B and ¢, in percentage

@ ADMAA

Parameters % Changes T* PF*
0 -50 -4.12 +129.66
-25 -1.89 +40.26
+25 +1.65 -22.72
+50 +3.12 -37.25
A -50 -528.18 +23628.00
-25 -156.99 -46.81
+25 -19.18 -15.82
+50 -30.12 -20.44
B -50 -18.22 +38.13
-25 -7.14 +12.55
+25 +4.99 -6.53
+50 +8.64 -10.19
(Continued)
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t -50 -0.07 -3.72
-25 -0.04 -1.85
+25 +0.04 +1.18
+50 +0.07 +3.72

The study manifested the following facts by Table 1:

1. Optimal profit PF* is highly responsive with the vary in the value of parameters 6 and
parameters A. It is moderately responsive to the vary in the deterioration parameter f and
slightly responsive to the vary in parameter ¢,

2. Optimal profit T* is highly responsive with the vary in the value of parameters  and
parameters A . It is moderately responsive to the vary in the deterioration parameter 6 and
slightly sensitive to the change in parameter ¢,

Conclusions

The study has proposed an inventory model for deteriorating item under the effect of price
and deterioration. From the Table 1, it is clear that longer the fresh life time of a product or lesser
the deterioration parameter , average cost of the system increases. This indicates that holding
cost contributed more than reduction in deterioration cost, as a consequence total average cost
increases while increasing the deterioration rate stock out occurs soon. It can also be observed
from the Table 1 that as the value of the parameter 0 increases, the value of optimal average cost of
the inventory system also increases and vice-versa.

The aim of this study is to calculate the optimal cycle and price which could maximize the
average profit of the system. Furthermore, numerical examples are illustrated by considering
decreasing demand with price. This model is useful for the commodities like food, vegetable
electronic equipment whose demand decrease with time during the closing stages of time and
it is found that some goods when initially received to market, retailer avail the product at low
price for making the goodwill of the company. So demands is initially high but as products get its
recognition in the market, its price increases and accordingly their demand decreases due to hike
in price of product which is in good agreement with these situations of market.

Limitations of the Study
In the present study of the inventory system there are some limitations, which are as follows:
1. This inventory model reduces the business risk up to a great extent, but this study does not
guarantee the elimination of business risk.

2. This study is only limited for the case when the shortage of goods in proposed model is not
allowed.

3. In this study, the lead time is considered zero.

Future Scope

In future, the study can extend the proposed model by taking the demand as stock dependent
demand with price decreasing demand under inflation and stochastic demand can also be
considered.
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