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Abstract This paper deals with the economic order

quantity model for deteriorating items with price and stock

dependent demand rate, where deterioration is constant.

We have noticed the effect of shortage under inflation and

taken into consideration the condition of permissible delay

in payment. In first case, the credit period is less than or

equal to the cycle time for settling the account and sec-

ondly the credit period is greater than the cycle time for

settling the account. Then we have obtained the condition

for minimizing the total cost. Finally, the results are

illustrated by a numerical example for different cases and

sensitivity analysis is carried out to analyze the effect of

the parameters on the optimal solution.

Keywords Deterioration � Credit period � Inflation �
Shortage � Delay payment

1 Introduction

In general classical economic order quantity (EOQ) model

is developed on the assumption that the demand rate of an

item is constant. But in real life demand rate of any item is

always in dynamic state. As reported by Levin et al. (1972)

and Silver and Peterson (1985), selling of items are pro-

portional to the inventory displayed such that large piles of

goods displayed in a supermarket will tempt the customer

to buy more. Sana and Chaudhuri (2008) proposed a paper

considering various types of demand rates with delay in

payment and price discounting. Manna and Chaudhuri

(2006) took ramp type demand rate for deteriorating item.

Goyal (1985), first investigated an EOQ model considering

permissible delay in payment but he ignored the loss due to

deterioration. However the real life scenario is different.

Chang and Dye (2001) assumed an inventory model for

deteriorating item with partial backlogging and permissible

delay in payment. Khanra et al. (2011) developed a EOQ

model for deteriorating item with time dependent quadratic

demand rate under permissible delay in payment. Pal and

Chandra (2012) and Jaggi et al. (2012) presented a deter-

ministic inventory model with permissible delay in pay-

ment and price discount on backorders. Jamal et al. (2000)

developed an inventory model to obtain an optimal pay-

ment time by a retailer under delay in payment by the

wholesaler. Shah et al. (2011) presented deterioration as

Weibull distribution with two credit period. Roy and

chaudhuri (2011) considered price and stock dependent

demand rate of deteriorating items.

In real life decaying of item is obvious such as elec-

tronic item, fruits, etc gradually losses its potential. Again

when the increase in price is anticipated, the companies,

firms or retailer buy goods in large amount without con-

sidering it to be economical or not because the inventory

system will deteriorate and sometime large stock creates

false impression on the buyers. Misra (1975) developed an

EOQ model under incorporating inflationary effects. Hou

(2006) derived an inventory model for deteriorating items

with stock dependent demand rate and shortage under

inflation. Chang et al. (2002) derived an inventory model

for deteriorating items with time value of money under
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finite time horizon and permissible delay in payment. Dey

et al. (2008) worked on an inventory model with dynamic

demand over finite time horizon under inflation and delay

in payment. The paper also have considered the interval

valued lead time along with two different storage of the

items. Liang and Zhou (2011) considered a two warehouse

inventory model for deteriorating model with delay in

payment. Shah (2006) investigated an inventory model for

deteriorating item under finite time horizon, permissible

delay in payment and time value of money. Ouyang et al.

(2006) studied an inventory model for non-instantaneous

deteriorating items with delay in payment. Singh et al.

(2010) studied inventory model of deteriorating item under

inflation for two shop under one management system. Liao

et al. (2000) developed a inventory model of deteriorating

items under inflation and delay in payment. Mandal and

Phaujdar (1989) considered deterioration as time depen-

dent variable (i.e., as time passes the material get deterio-

rated) and stock dependent consumption rate. Hou and Lin

(2006) developed an EOQ model of price and stock

dependent selling rate for deteriorating items under infla-

tion and time value of money. Ray and Chaudhuri (1997),

Chen (1998), Chung and Lin (2001) and Wee and Law

(2001) etc. all investigated effects of inflation, time value

of money and deteriorating items of inventory model. Roy

and Samanta (2010) investigated an inventory model of

deteriorating items under two rates of production and delay

in payment. Jaggi and Khanna (2010) investigated on the

supply chain inventory model for deteriorating items with

stock dependent consumption rate and taking into consid-

eration the effect of inflation, delay in payment and

shortages. Lo et al. (2007) worked on an intergraded pro-

duction-inventory model with imperfect production pro-

cesses and deterioration as Weibull distribution under

inflation. Sana (2008) developed an EOQ model with

varying demand rate with selling price under permissible

delay in payment. The paper also considered the expendi-

ture due to advertisement.

In the supermarket we have seen that not only the

amount of the stock but also the price of the item affect the

inventory model. So we have considered a deterministic

inventory model of deteriorating item where we consider

the demand rate as price and stock dependent demand

under inflation. We also consider delay in payment i.e.,

credit period for settling the amount. In Sect. 2 we present

some assumptions and denoted some notations that we

have used in this paper. We define the inventory model in

this section. In Sect. 3 we give detail analysis of the model

and obtained the minimization condition of the model in

two different cases. Finally we illustrate numerical exam-

ple and sensitivity analysis in support of the proposed

model in Sects. 4 and 5 respectively. Some conclusions are

made in Sect. 6.

2 Mathematical formulation of inventory model

The notation and assumptions which are used for devel-

oping the model as follows:

Notation:

D(I(t), p) Demand rate where I(t) is inventory level at

time t and p is price of the stock,

k Inflation rate,

h Constant rate of deterioration,

T1 The time when the stock level finishes,

T Replenishment cycle,

M Credit period settled by the supplier to the

retailer,

h Holding cost per unit item,

g Shortage cost per unit item,

c1 Purchase cost per unit item,

p Selling price per unit item,

Ie Rate of interest earned,

Ip Rate of interest payable or charged to delay in

payment.

Assumption:

1. Demand rate is D(I(t), p) = r(p)[a ? b I(t)] where

r(p) = c e-pd is the price factor where, c[ 0, d[ 0

are the parameter. b is stock dependent consumption

rate parameter 0 B b B 1.

2. The demand rate of an item is price and stock dependent.

3. Shortages are allowed and these are fully backlogged.

4. The deterioration rate is constant on the on-hand inven-

tory per unit time and there is no repair or replenishment

for the deteriorating items within the cycle.

5. If the retailer pays by the offered credit period M, then

the supplier does not charges any interest to the

retailer. If the retailer pays after M then he has to pay

interest at the rate Ip to the supplier (Fig. 1).

Therefore the mathematical model of the presented

inventory system is as follows:

dIðtÞ
dt
þ hIðtÞ ¼ �rðpÞ½aþ bIðtÞ�; 0� t� T1 ð1Þ

Fig. 1 Proposed inventory model with inventory versus time
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dIðtÞ
dt
þ hIðtÞ ¼ �rðpÞa; T1� t� T ð2Þ

where the conditions are I(0) = Q and I(T1) = 0

3 Mathematical analysis of the proposed inventory

model

The solutions of the differential equations are as follows:

IðtÞ ¼
e�atðeaT1�eatÞrðpÞa

a
; if 0� t� T1

rðpÞaðT1 � tÞ; if T1� t� T

�
ð3Þ

where a ¼ hþ brðpÞ ð4Þ

Therefore the maximum amount of inventory when the

cycle began is I(0) = Q i.e.,

Q ¼ Ið0Þ ¼ arðpÞ
a
ðeaT1 � 1Þ ð5Þ

The shortage during t = T i.e., highest inventory amount

during shortage is Qs = - r(p)a (T1 - T) = r(p)a (T - T1)

Now the present value of inventory holding cost

ðHCÞ ¼ h
R T1

0
rðpÞae�atðeaT1�eatÞ

a
ðe�ktÞdt

¼ hrðpÞa
akðaþ kÞ ae�kT1 þ keaT1 � ðaþ kÞ

� �
ð6Þ

Now the present value of shortage cost ¼ SC ¼
�g
R T

T1
IðtÞe�ktdt

¼ grðpÞa
ZT

T1

ðt � T1Þe�ktdt

¼ e�kðTþT1ÞgrðpÞa
k2

ekT � ekT1ð1þ kðT � T1ÞÞ
� �

ð7Þ

The present value of purchase cost = PC = c1Qþ
c1e�kt

R T�T1

0
rðpÞadt

¼ c1Qþ c1e�ktrðpÞaðT � T1Þ ð8Þ

No. of deteriorating item ¼ DI ¼ Q�
R T1

0
DðIðtÞ; pÞdt

¼ Q�
ZT1

0

rðpÞ aþ abrðpÞ
a

eaðT1�tÞ � 1
� �� �

dt

¼ Q� rðpÞa
a2

a2T1 þ ðeaT1 � 1ÞrðpÞb� arðpÞT1b
� �

ð9Þ

The deterioration cost (DC) is

DC¼ c1 Q� rðpÞa
a2
ða2T1þðeaT1 � 1ÞrðpÞb� arðpÞT1bÞ

	 


ð10Þ

Ordering cost (OC) is

OC ¼ A ð11Þ

Case 1: M B T1

Interest earned (IE1) due to sale up to T1 is given by

IE1 ¼ c1Ie

ZT1

0

tDðIðtÞ; pÞdt

¼ c1Ie

ZT1

0

rðpÞt aþ barðpÞ
a
ðeaðT1�tÞ � 1Þ

	 

dt

¼ c1IerðpÞa
2a3

ð2ðeaT � 1ÞrðpÞbþ aT1ða2T1

� rðpÞð2þ aT1ÞbÞÞ ð12Þ

Interest payable (IP1) due to arrival of supplier before the

stock ends is as follows

IP1 ¼ c1Ip

ZT

M

IðtÞdt¼ c1Ip

ZT1

M

IðtÞdtþ
ZT

T1

IðtÞdtÞ

0
@

1
A

¼ c1Ip

ZT1

M

rðpÞa
a
ðeaðT1�tÞ � 1Þdtþ

ZT

T1

rðpÞaðT1� tÞdt

0
@

1
A

¼ c1Ip

rðpÞaðeaðT1�MÞ � 1Þ� 1� aðM� T1Þ
a2

	

�1

2
rðpÞaðT � T1Þ2



ð13Þ

It is evident that the total cost per cycle is the sum of the

set-up, production, inventory carrying, interest and

depreciation costs.

Therefore the total cost per unit item per unit time = TC1

TC1 ¼
1

T
ðOCþHCþ SCþDCþPCþ IP1� IE1Þ ð14Þ

¼ 1

T
Aþ c1rðpÞae�kTðT � T1Þ þ

grðpÞa
k2

�

� ekT1 � ekTð1þ kðT � T1ÞÞÞ þ
c1rðpÞðeaT1 � 1Þa

a

	

þ hrðpÞa
akðaþ kÞ ðae�kT1 þ keaT1 � ðaþ kÞÞ

� c1rðpÞah
a2

ðrðpÞT1bþ ð1þ T1hÞ � eaT1Þ

� c1rðpÞIea
2a3

ðT2
1 h3 þ r2ðpÞT1b

2ðT1h� 2Þ

þ 2rðpÞbð�1þ eaT1 � T1hþ T2
1 h2ÞÞ þ 1

2
c1rðpÞIpa

� �ðT1 � TÞ2 þ 2ð�1þ eaðT1�MÞ þ ðM � T1ÞaÞ
a2

	 
�

ð15Þ

Lemma 1 When dTC1

dT1
jT1¼t�

1
¼ 0 exists for t�1 2 ½M;1Þ

then TC1 is minimum at T1 ¼ t�1 if e�kT1 gþc1eaT1 ðaþ
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hÞþ h
aþk
ðke�kT1þaeaT1Þþc1eaðT1�MÞIp�c1Ie

a
ðrðpÞeaT1bþhÞ[0

otherwise, t�1¼M if g
k
ðe�kT�e�kMÞþ h

aþk
ðeaM�e�kMÞ�c1ðe�kT

�eaM 1�2IerðpÞb
a2

� �
�arðpÞbðeaM�1�IeMÞþa2ð1þMIeþMIp�IpTÞ�rðpÞbIe

a2 Þ
[0 and e�kT1 gþc1eaT1ðaþhÞþ h

aþk
ðke�kT1þaeaT1Þþc1eaðT1�MÞ

Ip�c1Ie

a
ðrðpÞeaT1bþhÞ[0 are satisfied.

Proof If dTC1

dT1
exists for T1 2 ½M;1Þ then the necessary

condition for minimization of TC1 for a given value of M is
dTC1

dT1
¼ 0 and we get the extremum of TC1. Also the suffi-

cient condition for the minimization of TC1 is d2TC1

dT2
1

[ 0

From the necessary condition dTC1

dT1
¼ 0 we get,

¼) 1

T

�
c1rðpÞa eaT1 � e�kT

� �
� rðpÞgaðe�kT1 � e�kTÞ

k

� rðpÞhaðe�kT1 � eaT1Þ
aþ k

þ c1Ipr pð Þa ðT �T1½ Þ

þ rðpÞaðeaðT1�MÞ � 1Þ
a

� þ c1r pð Þa eaT1 � rðpÞaT1 þ h
a2

 !

� c1rðpÞIea
2a2

2r pð ÞeaT1bþT1ða2� r pð ÞabÞ
�

þ a2T1� r pð Þb 2þ aT1ð Þ
� ��

� ¼ 0 ð16Þ

The optimum value of T1 ¼ t�1 is obtained from above if

it satisfies the sufficient condition.

Now, using dTC1

dT1
¼ 0 we get

d2TC1

dT2
1

¼ rðpÞ
�

e�kT1 gaþ c1eaT1aðaþ hÞ

þ ha
aþ k

ðke�kT1 þ aeaT1Þ þ c1eaðT1�MÞIpa:

� c1Iea
a
ðrðpÞeaT1bþ hÞ

�

Note that LtT1!1
dTC1

dT1
¼ 1 and now,

Now if e�kT1 gþ c1eaT1ðaþ hÞ þ h
aþk
ðke�kT1 þ aeaT1Þ þ

c1eaðT1�MÞIp � c1Ie

a
ðrðpÞeaT1bþ hÞ[ 0 holds then we get

d2TC1

dT2
1

[ 0 which means TC1 has minimum at T1 ¼ t�1,

otherwise TC1 may be maximum in the interval ½M;1Þ or

TC1 is a monotonic function in ½M;1Þ. Now LtT1!1
dTC1

dT1
¼

1 and dTC1

dT1
jT1¼M [ 0 imply TC1ð1�Þ\TC1ð1Þ and

TC1(M) \ TC1(M ?) respectively. In the neighbourhood of

the end point, TC1 is a monotonic increasing function of

T1 2 ½M;1Þ and TC1 does not have a minimum in ½M;1Þ.
So TC1 does not have stationary point in ½M;1Þ. Therefore

t�1 ¼ M if LtT1!1
dTC1

dT1
¼ 1 and dTC1

dT1
jT1¼M [ 0 i.e., if the

condition e�kT1 gþ c1eaT1ðaþ hÞ þ h
aþk
ðke�kT1 þ aeaT1Þ þ

c1eaðT1�MÞIp � c1Ie

a
ðrðpÞeaT1bþ hÞ[ 0 and g

k
ðe�kT �

e�kMÞþ h
aþk
ðeaM � e�kMÞ � c1ðe�kT � eaM 1� 2IerðpÞb

a2

� �
�

arðpÞbðeaM�1�IeMÞþa2ð1þMIeþMIp�IpTÞ�rðpÞbIe

a2 Þ[ 0 are satisfied.

Case 2: T1 B M

Interest earned (IE2) due to arrival of supplier after the

stock ends.

¼ c1Ie

ZT1

0

tDðIðtÞ; pÞdt þ ðM � T1Þ
ZT1

0

DðIðtÞ; pÞdt

2
4

3
5

¼ c1Ie

rðpÞa
2a3
ð2ðeaT1 � 1ÞrðpÞaþ aT1ða2T1 � rðpÞ

�

� 2þ aT1ÞbÞÞð þ ðM � T1Þa
a2

ða2T1 þ ðeaT1 � 1ÞrðpÞb

� arðpÞT1bÞ
�

ð17Þ

Here the retailer has sold Q unit during [0, T1] and is paying

c1Q to the supplier in full at time M C T1 so the retailer does

not have to pay any interest so interest charge is zero i.e.,

dTC1

dT1

[ 0

¼) 1

T
c1rðpÞaðeaT1 � e�kTÞ � rðpÞgaðe�kT1 � e�kTÞ

k

�
� rðpÞhaðe�kT1 � eaT1Þ

aþ k
þ c1IprðpÞa

� ðT � T1Þ þ
rðpÞaðeaðT1�MÞ � 1Þ

a

� �
þ c1rðpÞa eaT1 � rðpÞbeaT1 þ h

a2

	 


� c1rðpÞIea
2a2

ð2rðpÞeaT1bþ T1ða2 � rðpÞabÞ þ ða2T1 � rðpÞbð2þ aT1ÞÞÞ
�

[ 0

) g

k
ðe�kT � e�kMÞ þ h

aþ k
ðeaM � e�kMÞ � c1 e�kT � eaM 1� 2IerðpÞb

a2

	 
	

� arðpÞbðeaM � 1� IeMÞ þ a2ð1þMIe þMIp � IpTÞ � rðpÞbIe

a2



[ 0
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IP2 ¼ 0

Therefore the total cost in this case is

TC2 ¼
1

T
ðOC þ HC þ DC þ SC þ PC � IE2 þ IP2Þ ð18Þ

¼ 1

T
Aþ c1rðpÞae�kTðT � T1Þ þ

grðpÞa
k2
ðekT1 � ekT

�

� 1þ kðT � T1ÞÞÞ þ
c1rðpÞðeaT1 � 1Þa

a

	

þ hrðpÞa
akðaþ kÞ ðae�kT1 þ keaT1 � ðaþ kÞÞ

� c1rðpÞah
a2

ðrðpÞT1bþ ð1þ T1hÞ � eaT1Þ

� c1rðpÞIea
2a3

ðT2
1 h3 þ r2ðpÞT1b

2ðT1h� 2Þ
þ2rðpÞbð�1þ eaT1 � T1hþ T2

1 h2ÞÞ
� c1IeðM � T1Þa

a2
ðT1h

2 þ rðpÞbð�1þ eaT1 þ T1hÞÞ
�

ð19Þ

Lemma 2 When dTC2

dT1
jT1¼t�

2
¼ 0 exists for t�2 2 ð0; M� then

TC2 is minimum at T1 ¼ t�2 if ge�kT1 þ c1eaT1ðaþ hÞþ
h

aþk
ðkekT1 þ aeaT1Þ þ c1IebeaT1

a
aðT1 �MÞ þ 2� rðpÞð Þþ

c1Iehð2�rðpÞÞ
arðpÞ [ 0 otherwise, t�2 ¼ M if c1ðeaM � e�kMÞþ

g
k
ðekM þ ekTÞþ h

aþk
ðeaM � e�kMÞ � c1IeðrðpÞ�1Þ

rðpÞa2 ðahM þ rðpÞ
bðeaM � 1ÞÞ þ c1h

a
ðeaM � 1Þ[ 0

Proof If dTC2

dT1
exists for T1 2 ð0; M�, then the necessary

condition for minimization of TC2 for a given value of M is
dTC2

dT1
¼ 0 and we get the extremum of TC2 at T1 ¼ t�2. Also the

sufficient condition for the minimization of TC2 is d2TC2

dT2
1

[ 0

From the necessary condition dTC2

dT1
¼ 0 we get,

dTC2

dT1

¼ 0

¼) 1

T
�c1rðpÞaðe�kT þ eaT1Þ � 1

k
arðpÞge�kðTþT1Þ

�

� ekT � ekT1ð1þ kðT � T1ÞÞÞ
�
� rðpÞgaekT gðT � T1Þ þ

rðpÞhaðe�kT1 � eaT1Þ
aþ k

� c1IeaðM� T1Þ
a

ðrðpÞbðeaT1 � 1Þ þ aÞ

þ c1Iea
a2
ðrðpÞbðeaT1 � 1Þ � rðpÞbaT1 þ a2T1Þ þ c1ðrðpÞeaT1a

� rðpÞa
a2
ðrðpÞabþ rðpÞabeaT1 þ a2ÞÞ � c1rðpÞIea

2a3
ð2rðpÞeaT1ba

þaT1ða2 � rðpÞabÞ þ aða2T1 � rðpÞbð2þ aT1ÞÞÞ
�
¼ 0

ð20Þ

The optimum value of T1 ¼ t�2 provided it satisfies the

sufficient condition.

Now,

d2TC2

dT2
1

¼ rðpÞ
T

age�kT1 þ c1eaT1aðaþ hÞ
�

þ c1IeabeaT1

a
aðT1 �MÞ þ 2� rðpÞð Þ

þ c1Ieahð2� rðpÞÞ
arðpÞ þ ha

aþ k
ðkekT1 þ aeaT1Þ

�

using
dTC2

dT1

¼ 0:

Note LtT!0
dTC2

dT1
!1 and therefore,

dTC2

dT1

jT1¼M [ 0

¼) 1

T

�
� c1rðpÞaðe�kT þ eaMÞ

� arðpÞge�kðTþMÞðekT � ekMð1þ kðT �MÞÞÞ
k

� rðpÞgaekT gðT �MÞ þ rðpÞhaðe�kM � eaMÞ
aþ k

þ c1Iea
a2
ðrðpÞbðeaM � 1Þ � rðpÞbaM þ a2MÞ

þ c1ðrðpÞeaMa� rðpÞa
a2
ðrðpÞabþ rðpÞabeaM þ a2ÞÞ

� c1rðpÞIea
2a3

ð2rðpÞeaMbaþ aMða2 � rðpÞabÞ

þ aða2M � rðpÞbð2þ aMÞÞÞ
�

[ 0

) c1ðeaM � e�kMÞ þ g

k
ðekM þ ekTÞ þ h

aþ k
ðeaM � e�kMÞ

� c1IeðrðpÞ � 1Þ
rðpÞa2

ðahM þ rðpÞbðeaM � 1ÞÞ

þ c1h
a
ðeaM � 1Þ[ 0

Now if ge�kT1 þ c1eaT1ðaþ hÞ þ h
aþk
ðkekT1 þ aeaT1Þ þ

c1IebeaT1

a
aðT1 �MÞ þ 2� rðpÞð Þ þ c1Iehð2�rðpÞÞ

arðpÞ [ 0 holds

then we get d2TC2

dT2
1

[ 0 which means TC2 has minimum at

T1 ¼ t�2, otherwise TC2 may be maximum in the interval (0,

M] or TC2 is a monotonic function in (0, M]. Now LtT1!1
dTC2

dT1
¼ 1 and dTC2

dT1
jT1¼M [ 0 imply TC2(0) \ TC2(0 ?) and

TC2(M -) \ TC2(M) respectively. In the neighbourhood of

the end point, TC2 is a monotonic increasing function of

T1 2 ð0; M� and TC2 does not have a minimum in (0, M]. So

TC2 does not have stationary point in (0, M]. Therefore t�2 ¼
M if LtT1!1

dTC2

dT1
¼ 1 and dTC2

dT1
jT1¼M [ 0 i.e., if the
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condition c1ðeaM � e�kMÞþ g
k
ðekM þ ekTÞ þ h

aþk
ðeaM �

e�kMÞ � c1IeðrðpÞ�1Þ
rðpÞa2 ðahM þ rðpÞbðeaM � 1ÞÞ þ c1h

a
ðeaM �

1Þ[ 0 is satisfied.

4 Numerical example

In this section, we have presented an example for numer-

ical exposure of the presented inventory model. In a

supermarket the demand rate not only depend upon the

amount of the stock but also depends upon the price of the

item so that demand rate is D(I(t), p), here

c = 200, d = 1.3, a = 500 units, b = 0.15. Also let us

consider that the item deteriorates 0.1 part of the total

inventory which cost $2 per unit item. It takes $250 to

order the total inventory. Let the cost price of each item is

$3, selling price is $6 and to hold the item it requires $0.6

per unit. The system consider under inflation rate of 12 %

and let the retailer earns 15 % of interest and pays 20 %

interest where the total inventory system is considered for a

full year. Let the supplier comes (1) Monthly (2) 3 months

after (3) After 5 months (4) Half yearly. Now we minimize

the total cost per unit item per unit time for the above

situations.

In put data for the above production inventory model

compare to the model presented in Sect. 2 are

DðIðtÞ; pÞ ¼ rðpÞ½a þbIðtÞ� ¼ 200eð�6�1:3Þ½500þ 0:15I

ðtÞ�; p ¼ 6, h = 0.1, A = 250 per order, h = 0.6 per year,

k = 0.12, c1 = 3 per year, g = 2 per year, Ie = 0.15 per

year, Ip = 0.2 per year, T = 1 year.

Now according to delay in payment as per the inventory

model we get solution for four cases. The solutions of the

inventory model for different cases are presented in

Table 1.

In case (1) i.e., delay of payment for 1 month (i.e.,

M = 0.083) we observe from Table 1 that t�1 [ M and

t�2 [ M so here case 2 is contradicts and only case 1 hold

and minimum average cost TC1. Again for case (2), i.e.

payment to supplier after 3 months (i.e., M = 0.25)

inventory model follows the fact t�1 [ M and t�2\M so both

case 1 and case 2 hold together, and here TC1 \ TC2. For

case (3), payment to the supplier after 5 months (i.e.,

M = 0.417) we have the situation here t�1 [ M and t�2\M

so both case 1 and case 2 hold together. And in this case

TC2 \ TC1. Finally for the payment to supplier after 6

months case (4) we obtain optimum time for two cases as

t�1\M and t�2\M so here case 1 contradicts and only case

2 holds and minimum average cost is at case 2.

5 Sensitivity analysis

We study the effect of changes of various parameter

h, p, k, c1, Ie, Ip by changing it by -25, -10, 10, 25 %.

Taking one parameter at a time and keeping other

unchanged.

The analysis is based on case (1) of the above example.

From the sensitivity analysis in Table 2 we summarise

the following points:

1. t�1 and t�2 increases while TC1ðt�1Þ and TC2ðt�2Þ decreases

with the decrease in the value of the parameter h. Both

TC1ðt�1Þ and TC2ðt�2Þ have low sensitivity to change in

h, and t�1 and t�2 are moderately sensitive to change in h.

2. t�1decreases and t�2 increases while TC1ðt�1Þ and TC2ðt�2Þ
increases with the decrease in the value of the

parameter p. Both TC1ðt�1Þ and TC2ðt�2Þ are highly

sensitive to change in p and t�1 is moderately sensitive

and t�2 is highly sensitive to change in p.

3. t�1 and t�2 increases also TC1ðt�1Þ and TC2ðt�2Þ increases

with the decrease in the value of the parameter k. Both

TC1ðt�1Þ and TC2ðt�2Þ are less sensitive to change in k,

and t�1 and t�2 are moderately sensitive to change in k.

4. t�1 and t�2 increases while TC1ðt�1Þ and TC2ðt�2Þ decreases

with the decrease in the value of the parameter c1. Both

TC1ðt�1Þ and TC2ðt�2Þ are moderately sensitivity to

change in c1 and t�1 and t�2 are also moderately sensitive

to change in c1.

5. t�1 and t�2 increases while TC1ðt�1Þ and TC2ðt�2Þ increases

with the decrease in the value of the parameter Ie. Both

TC1ðt�1Þ and TC2ðt�2Þ have low sensitivity to change in

Ie, and t�1 and t�2 are also less sensitive to change in Ie.

6. t�1 increases and t�2 remains unchanged while TC1ðt�1Þ
increases and TC2ðt�2Þ remains same with the decrease

in the value of the parameter Ie. TC1ðt�1Þ is less

sensitive to change in Ip and t�1 is moderately sensitive

to change in Ip.

7. t�1 and t�2 decreases while TC1ðt�1Þ and TC2ðt�2Þ increases

with the decrease in the value of the parameter T. Both

TC1ðt�1Þ and TC2ðt�2Þ are moderately sensitivity to

change in T, and t�1 and t�2 are also moderately sensitive

to change in T.

Table 1 Optimal average cost for different delay in payment

Delay of payment

(month)

t�1
(year)

TC�1ðt�1Þ
($)

t�2
(year)

TC�2ðt�2Þ
($)

1 0.36 377.325 0.145 390.899

3 0.398 376.442 0.212 384.175

5 0.435 376.1 0.279 374.933

6 0.45 376.13 0.31 369.401
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Now we present few pictorial form for analysis of effect

of change of inventory parametric on optimum total cost.

We consider for cases of delay payment as describe in

numerical example in previous section.

From Fig. 2, we see that when the rate of deterioration

(h) decreases the percentage of total cost decreases in

four cases of M and the vice versa. Reason for this is

when the deterioration rate has decreased by some per-

centage then the total cost of the inventory system has

decreased (i.e., reduced). We observe from the pattern of

the Fig. 2 that for more delay to payment total cost is

increased rapidly.

In the Fig. 3 we can see that if the selling price

(p) decreases the total cost increases for all in four cases of

delay payment. Reason for this is retailer is earning less if

he decreases the selling price and hence the total cost of the

inventory has increased. From the pattern of the graph we

observe that it is logarithmic in nature and more effect on

less M.

From Fig. 4, we can say that when the inflation

(k) increases the total cost decreases in four cases of M. Its

reason for common fact that with the increase in selling

Table 2 Sensitivity analysis based on changes of parameters

Parameter Change (%) t�1 TC1ðt�1Þ ($) t�2 TC2ðt�2Þ ($) Remarks Change in cost (%)

h -25 0.383 373.325 0.147 390.832 t�1 [ M -0.95

-10 0.369 376.759 0.146 390.872 t�1 [ M -0.15

10 0.352 379.212 0.145 390.925 t�1 [ M 0.5

25 0.34 381.325 0.144 390.964 t�1 [ M 1.06

p -25 0.331 931.993 0.351 1200.74 t�1 [ M 147

-10 0.354 518.819 0.223 552.875 t�1 [ M 37.5

10 0.363 307.973 0.095 315.054 t�1 [ M -18.38

25 0.365 268.089 0.059 270.072 t�1 [ M [ t�2 -28.95

k -25 0.398 382.513 0.153 394.312 t�1 [ M 1.375

-10 0.375 379.438 0.148 392.256 t�1 [ M 0.56

10 0.345 375.174 0.142 389.552 t�1 [ M -0.57

25 0.323 372.231 0.138 387.55 t�1 [ M -1.35

c1 -25 0.45 373.665 0.18 362.342 t�1 [ M -0.97

-10 0.396 375.589 0.157 379.545 t�1 [ M -0.46

10 0.325 379.212 0.135 402.184 t�1 [ M 0.5

25 0.274 381.211 0.123 419.014 t�1 [ M 1.03

Ie -25 0.346 383.362 0.169 390.304 t�1 [ M 1.6

-10 0.354 379.815 0.154 390.695 t�1 [ M 0.66

10 0.366 374.797 0.138 391.068 t�1 [ M -0.67

25 0.376 371.363 0.129 391.27 t�1 [ M -1.58

Ip -25 0.411 402.832 0.145 390.899 t�1 [ M 6.76

-10 0.38 386.758 0.145 390.899 t�1 [ M 2.5

10 0.34 367.74 0.145 390.899 t�1 [ M -2.54

25 0.31 351.705 0.145 390.899 t�1 [ M -6.79

T -25 0.28 451.847 0.119 469.336 t�1 [ M 19.75

-10 0.329 400.719 0.135 419.751 t�1 [ M 6.2

10 0.391 354.987 0.156 370.058 t�1 [ M -5.92

25 0.436 332.084 0.171 345.543 t�1 [ M -11.99

Fig. 2 Effect of optimal total cost for rate of deterioration
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price the value of money has decreased and hence the total

cost has increased. The pattern of the graph is linearly

decreasing.

In the Fig. 5 we can see in four cases of M when the pur-

chase cost of item (c1) has decreased the total cost has

increased. Reason for this is when the price has decreased by

some percentage then calculating the percentage of total cost

we have to use the decreased purchase cost value which leads

to increase in percentage of total cost. We observe that the

pattern of the graph is almost linearly decreasing and the

change of purchase cost of item is more effective for more

delay of payment to the supplier.

From Fig. 6, we observe that when the rate of interest

earned (Ie) has decreased the total cost has increased for all

four cases of M. Reason for this is when the interest earned rate

has decreased by some percentage so the retailer is earning

less which leads to increase in costing of the total inventory

system. We observe that the pattern of the graph is almost

linearly dependent and more effect for delay of payment to the

supplier.

Fig. 3 Effect on optimal total cost for change of selling price

Fig. 4 Effect on optimal total

cost for change of inflation

Fig. 5 Effect on optimal total

cost for change of purchase cost

of item
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Fig. 6 Effect on optimal total

cost for change of rate of

interest earned

Fig. 7 Effect on optimal total

cost for change of interest

payable

Fig. 8 Effect on optimal total

cost for change of

replenishment time
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In the Fig. 7 we can see that when the rate of interest

payable (Ip) has decreased the the total cost has increased

in four cases of M. Reason for this is when the interest

payable rate has decreased by some percentage so the

retailer is paying less to the supplier which leads to

increase in total cost. We observe that the pattern of the

graph is almost linearly decreasing.

From Fig. 8, we conclude that the total cost has increased

when the replenishment time (T) has decreased in four cases of

M and the vice versa. The reason for this that for quick

replenishment of inventory means there is a increase in the

total cost. The pattern of the graph is logarithmic in nature. We

observe that the pattern of the graph is almost logarithmic in

nature and more effect for less delay of payment to the

supplier.

6 Conclusion

The paper studies the dynamic deterministic inventory

model allowing shortage. This model incorporates some

realistic feature such as deterioration (a natural phenome-

non of goods), shortage, price and amount of the stock

displayed in the supermarket. The amount of stock and the

price of the item in the market have two aspects, positive as

well as negative. Few customer can think that a large

amount of stock means the items are in demand where as

few customer can think that a large amount of stock means

the item is of less demand because other customers are not

buying. Same is the case for price of an item. So our task

was to optimize the stock amount and minimize the cost.

Last but not the least the effect of delay in payment is

considered from the retailer point of view and then we

optimize the total cost. Example is provided in support of

the proposed model and sensitivity analysis is also per-

formed. In sensitivity analysis we have seen the model is

highly sensitive with the change in price. Also the model is

sensitive with the change in total time of this inventory

model. It has been noted that inflation is less sensitive i.e.,

the inflationary change in the market does not affect the

total costing of the system and thus sometime helpful for

the retailer. Also we evaluate that at what time should the

stock ends so that the total costing is minimum.
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