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ABSTRACT. This paper optimizes the selling price, the replenishment cycle and lot size of
deteriorating seasonal items. The seasonal items become useless or completely deteriorated
after sale season. The production of manufacturer and stock of retailer are affected by dete
rioration and assuming it is reduced by preservation technology investment. Manufacturer
and retailer both are invested on a preservation technology under revenue sharing. We
studied the effect of preservation technology on profit of manufacture as well as for retailer.
Retailer can change the strategy by reducing the selling price to generate the excess demand
for limited time duration. This paper aims to develop a continuous supply chain inventory
model by optimizing the selling price of seasonal items. We optimized the profit by reducing
price for stock dependent price sensitive demand and have shown that the profit function
is concave function of selling price. The model is simulated and illustrated with numerical
examples.
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replenishment cycle.
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1. INTRODUCTION

In the real life, deterioration of product is a common phenomenon and always
occur in the nature. There are many items in the nature that deteriorate signifi
cantly such as fruits, vegetable, milks, meat fresh foods, perfumes, alcohols soft
drinks gasoline etc. Also demand of such items are just for a limited time hori
zon such type of items known as seasonal items. Recently more and more items
become deteriorating nature and seasonal simultaneously because of the business
competition, instant and rapid change in the technology. Hence this will become
a very difficult problem to determine the inventory if the item is both deteriorating
and seasonal.
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The preservation play a vital role for decreasing deterioration rate and for in
creasing seasonal item’s life. Recently the effective use of preservation technology
become essential for manufacturers and retailers both, to improve the customer
service level, increase the business profit and reduce the economic losses. In the
last few years, market surveys indicated that the demand rate of most of the in
ventory depends on the stock levels, and influenced by selling prices. In this paper
we studied the pricing strategy of deteriorating seasonal items, optimize lot size,
and replenishment cycle when deterioration rate is controlled by preservation tech
nology investment. The decision variables of this model are the market demand,
the production rate, the ordering frequency. Ghare and Schrader [19], are the first
mathematician who developed an inventory model in which they considered deteri
oration as exponential decreasing function, after then remarkable works have been
done on deteriorating inventory modeling. Liu and Lian [14], as well as Nandaku
mar and Morton [20], studied deteriorating items which have fixed life time. Jain
and silver [13] as well as Kalpakam and Sapana [24], developed inventory models
for random life deteriorated items.

In the deteriorating inventory modeling deterioration plays a vital role. Raf
fat, Wolfe and Eldin [7], developed an inventory model with constant demand rate
and finite replenishment rate for deteriorating items. Heng, Labban and Linn [12],
considering exponential decay in inventory model with constant demand and fi
nite replenishment rate. The constant demand rate is a uniform deterministic
demand rate but in the real life demand rate is not always constant. Time vary
ing demand in inventory modeling have been developed mostly considering either
linearly increasing/decreasing D(t) = (α + γt), α > 0, γ ̸= 0 or exponentially in
creasing/decreasing D(t) = α.eat, α > 0, a ̸= 0. Haiping and Wang [31], suggested
a model in which they considered time proportional demand and find optimum
order quantity for deteriorating items. Xu and Wang [11], presented a model in
which they consider linearly time varying demand for exponentially deteriorating
items. Giri and Chaudhuari [2], developed a model in which they consider de
terioration rate demand rate and costs were assumed to variable of time. Jalan
and Chaudhuari [1] as well as Chakraborty, Giri and Chaudhuari [25], considered
deterioration rate as two parameter and three parameter weibull distribution with
instantaneous supply in their inventory models.

In analysis of market survey, it is observed that in the supermarket customers
attraction is based on a large pile of goods. Hence displaying each of items in large
quantities may be generate extra demand. But due to large quantity of items there
may be arise problem of spacing of each item and also requirement of large scale
investment. The situation become more critical when the displayed items is in na
ture of deteriorating. Due to this reason research attracted on inventory modeling
in which demand consider as stock and price dependent. Sarkar, Mukherjee and
Balan [4] as well as Datta and Pal [26], developed an inventory model assuming
stock and selling price dependent demand for deteriorating items with and without
shortages. Kim [5], developed price dependent inventory model for considering con
stant rate of deterioration with infinite rate of replenishment. Wee [10], studied the
joint pricing and replenishment policy for deteriorating inventory with price elastic
demand rate in the decline market for time dependent deterioration.

Samanta and Roy [9], developed a continuous production control inventory
model for deteriorating items with shortages. They consider deterioration rate is
very small, demand and production rate is constant. IIkeong, Giri and Byung
sung [16], developed an inventory model for amelioration/deteriorating items with
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time varying demand pattern finite planing horizon, taking into account the ef
fects of inflation and time value of money. Ouyang, Wu, and Cheng [15], studied
an economical inventory model for deteriorating items with exponential decreasing
demand. In this model shortages are allowed assuming backlogging rate is a func
tion of waiting time for the next period.

Uthayakumar and Parvathi [22], described an inventory model in which they
assumed demand is stock dependent and deterioration rate is nonlinear function
of time. They also assumed that the retailer adopts the trade credit policy offered
by supplier. Jain, Rathore and Sharma [17], presented an economical production
quantity model for deteriorating items in which they consider price and stock de
pendent demand with considering shortages. Jain and Kumar [23], presented
an economical order quantity model in which he consider ramp type demand,
starting with and without two parameter weibull distribution deterioration rate
z(t) = αβtβ−1 where α(0 < α << 1) is the scale parameter and (β > 0) is the
shape parameter.

Cachon and Lariviere [8], developed supply chain coordination with revenue
sharing contracts model, in this revenue sharing contract, a retailer pays to sup
plier a wholesale price for each unit that he purchased and also pays a percentage
of the revenue that generates retailer. Shukla and Khedlekar [6], presented time
and price dependent with varying holding cost inventory model for deteriorating
items in this model they considered the demand as a parametric dependent linear
function of time and price both. The coefficient of time parameter and coefficient of
price parameter are examined simultaneously and proved that time is dominating
variable over price in term of earning more profit. It is also proved that deterioration
of items in the inventory is one of the most sensitive parameter to look in to be
sides many others. Khedlekar and Namdeo [27], developed an inventory model for
stock and price dependent demand with deterioration, but there is no explanation
about deteriorating rate of products. He, Wang and Lai [33], developed production
inventory model in which they consider deteriorating properties of products

Giri and Bardhan [3], presented an integrated singlemanufacturer single re
tailer supply chain model for deteriorating item. In this model demand function is
assumed to be the function of on hand stock and price furthermore manufacturer
and retailer are in an agreement of lot for lot policy.The proposed model is devel
oped under the contract that the retailer offers the manufacturers a percentage of
revenue(s), he generates by selling a lot. Palani and Maragatham [21], proposed a
deterministic inventory model for exponential deteriorating items in which demand
rate and holding cost are quadratic and linear function of time. They also consider
that the deterioration is controlled by using preservation technology investment.

Yang, Wee, Chunge and Huang [18], developed a piecewise production inven
tory model for a multi market deteriorating product with time varying and price
varying sensitive demand. He and Huange [32], studied a kind of deteriorating
products whose deterioration can be controlled by investing on the preservation
efforts. Study considers the seasonal and deterioration properties simultaneously,
Demand rate is assumed to be decreasing linear function of selling price and as
suming resultant deterioration is decreasing exponential function of cost of preser
vation technology investment per unit time.

Mishra [30], developed an integrated singleretailer and singlesupplier inven
tory model for deteriorating items under revenue sharing on preservation technol
ogy investment in which he considered the demand rate is a non negative power
function of selling price and stock level,and production rate is constant. He also
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proposed the manufacturer offers to the retailers for a percentage of revenue shar
ing on preservation technology investment. Numerical and graphical illustration is
given by him. Khedlekar, Namdeo and Nigwal [28], introduced disruption factor in
production inventory modeling considering with shortages and time proportional
demand, Khedlekar, Shukla and Namdeo [29], designed pricing strategies for de
clining market demand of deteriorating item introducing item preservation technol
ogy. In the previous study in this field, demand function as a price sensitive, stock
dependent and constant production rate is considered by researchers. This paper
presents a model in which demand rate as a exponential decreasing function of t
as well as price and stock dependent production rate taken as a linear function of
t and also considered preservation technology investment factor for deteriorating
items.

2. Notations and Assumptions

Following notation are used in this model.
c Purchase cost per unit for retailer and selling cost for manufacturer,
p Retail price per unit items,
Cs Compiling cost per lot for manufacturer,
Cp Production cost per unit items,
C0 The ordering cost per order of the retailer,
Cd Deteriorating cost per cycle [Value of deteriorated products per unit],
κ Cost coefficient of investment in the preservation technology,

Ch Unit inventory holding cost per unit time,
ξ Preservation technology cost for reducing deterioration rate in

order preserve the product
θ The deterioration rate,
ρ Consequent deterioration rate ρ = θe−ηξ,

D(p, I(t)) Market Demand rate at time t; D(p, I(t)) = αe−at − βp + ϕI(t) where
α demand sensitive parameter, β price sensitive parameter, and ϕ stock
sensitive parameter,

qm Production rate which is linear function of t; we assume qm = q+rt; where
r is the production sensitive parameter,

q Production scale,
δ The subsidy proportion provided by manufacturer to the retailer for preser

vation technology investment,
T The length of cycle time,
Q Initial lotsize during a cycle of length T ,

Im(t) Inventory level at time t for the manufacturer, 0 ≤ t ≤ T ,
Ir(t) Inventory level at time t for the retailer, 0 ≤ t ≤ T ,
APR Total profit per unit time for the retailer,
APM Total profit per unit time for the manufacturer,
NTP Average Total profit per unit time under integrated system,

The following assumption are made in this model:
• Market Demand of product is D(p, I(t)) at unit time t; we assumed de

mand function D(p, I(t)) = αe−at−βp+ϕI(t), is nonnegative exponential
function of t as well as price and stock level, where α is initial demand and
β is price sensitive parameter, ϕ is stock sensitive parameter, and α > 0,
a ≥ 0, β > 0, ϕ ≥ 0,

• Holding cost and deterioration cost are constant,
• Production rate is linear increasing function qm = q + rt,
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• Partly or wholly deteriorated products have no value and there is no holding
cost for them.

• The deterioration rate is controlled by preservation and products which are
fully preserved by preservation technology,

• Preservation technology investment is shared by manufacturer and retailer
for reducing the deterioration rate, and sharing rate is δ.

• The proportion of reduced deterioration rate, ρ = θe−ηξ, is concave in
creasing function of ξ,

• The deterioration cost due to deterioration and holding cost for both man
ufacturer and retailer are same,

• The lead time is zero, and replenishment rate is finite, however the planning
horizon is finite.

• In the finite time horizon T it is considered that e−aT ≈ e−at because a is
taken as very small.

3. Proposed Model for Retailer

According to the assumptions the retailer receives the stock initially from the
manufacturer, at time t, 0 ≤ t ≤ T . The rate of change in inventory level for
retailer is equal to demand rate and deterioration rate. Thus the following first
order nonlinear differential equation representing the inventory status at any time
t

dIr(t)

dt
+ ρIr(t) = −D(p, Ir(t)), where 0 ≤ t ≤ T.

= −(αe−at − βp+ ϕIr(t)) (3.1)
with boundary condition Ir(t) = Q, at t = 0 and Ir(t) = 0, at t = T
Now we derived the average profit function of retailer during a replenishment cycle
interval [0, T ].
The average profit for retailer can be formulated as
Average Profit = 1

T [Sales RevenuePurchase CostOrdering CostInventory Holding
CostDeterioration CostPreservation Technology Investment Cost]

Equation (3.1) leads to

Ir(t) =
(
1− e(ρ+ϕ)(T−t)

)(
βp

ρ+ ϕ
− αe−aT

ρ+ ϕ− a

)
(3.2)

The initial order lot size for retailer at time t = 0, where t ∈ [0, T ] is

Ir(0) = Q =
(
1− e(ρ+ϕ)T

)(
βp

ρ+ ϕ
− αe−aT

ρ+ ϕ− a

)
(3.3)

The total sales revenue in replenishment cycle time [0, T ] can be formulated as

SRr = p

∫ T

0

D(p, Ir(t))dt

SRr = ϕp

(
T +

1

ρ+ ϕ
− e(ρ+ϕ)T

(ρ+ ϕ)

)(
βp

ρ+ ϕ
− αe−aT

ρ+ ϕ− a

)
+
pα

a

(
1− e−aT

)
− βp2T (3.4)

Purchase cost of retailer is
PCr = c.Q

PCr = c
(
1− e(ρ+ϕ)T

)(
βp

ρ+ ϕ
− αe−aT

ρ+ ϕ− a

)
(3.5)
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The inventory holding cost IHCr is

IHCr = h

∫ T

0

Ir(t)dt

IHCr = h

(
T +

1

ρ+ ϕ
− e(ρ+ϕ)T

(ρ+ ϕ)

)(
βp

ρ+ ϕ
− αe−aT

ρ+ ϕ− a

)
(3.6)

Deterioration cost DCr in the interval of length [0, T ] is

DCr = Cdθe
−ηξ

∫ T

0

Ir(t)dt

DCr = Cdθe
−ηξ

(
T +

1

ρ+ ϕ
− e(ρ+ϕ)T

ρ+ ϕ

)(
βp

ρ+ ϕ
− αe−aT

ρ+ ϕ− a

)
(3.7)

Preservation technology investment cost PTICr is

PTICr = (1− δ)κξT (3.8)

The ordering cost is given by
OCr = Co (3.9)

Hence the average profit function for retailer per unit time is

APr =
pα

Ta
(1− e−aT )− βp2 − 1

T
Co − (1− δ)κξ

+
ζ

T

(
T +

1

ρ+ ϕ
− e(ρ+ϕ)T

ρ+ ϕ

)(
βp

ρ+ ϕ
− αe−aT

ρ+ ϕ− a

)
− c

T

(
1− e(ρ+ϕ)T

)(
βp

ρ+ ϕ
− αe−aT

ρ+ ϕ− a

) (3.10)

where ζ =
(
ϕp− h− Cdθe

−ηξ
)

4. Proposed Model for Manufacturer

Manufacturer supply the quantity at rate qm to the retailer. At time t, on hand
inventory of manufacturer is I(t). Due to preservation technology the reduced
deterioration value is ρIm(t). Thus the differential equation will be

dIm(t)

dt
+ ρIm(t) = qm ,where ts ≤ t ≤ T.

= q + rt (4.1)
with boundary condition Im(ts) = 0, at t = tm and Im(t) = Q, at t = T
Now we derived the net profit function for the manufacturer during a replenishment
cycle of length [0, T ].
The net profit function for manufacturer can be formulated as
Average Profit= 1

T [ Sales Revenue  Production Cost  Raw Material Ordering Cost
 Holding Cost  Deterioration Cost  Preservation Technology Investment Cost]

Equation (3.11) leads to

Im(t) =

(
q

ρ
− r

ρ2

)(
eρ(ts−t)

)
+
r

ρ

(
t− ts

(
eρ(ts−t)

))
(4.2)

Sales income in the cycle [0, T ] is

SRm = c.Q

SRm = c.
(
1− e(ρ+ϕ)T

)(
βp

ρ+ ϕ
− αe−aT

ρ+ ϕ− a

)
(4.3)
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The production cost of product for manufacturer is

PCm = Cp

∫ T

ts

(q + rt)dt

PCm = Cp(T − ts)
(
q +

r

2
(T − ts)

)
(4.4)

Raw material ordering cost per lot for manufacturer is

RMOC = Cs (4.5)

Preservation Technology Investment Cost is

PTIC = δκξT (4.6)

The Deterioration cost product per production cycle for manufacturer is

DCm = Cdθe
−ηξ

∫ T

ts

Im(t)dt

DCm = ω

(
q

ρ
− r

ρ2

)
(T − ts) + ω

(
q

ρ
− r

ρ2

)
1

ρ

(
eρ(ts−T ) − 1

)

+ ω
r

ρ

(
T 2

2
− t2s

2

)
− ω

rts
ρ2

(
eρ(ts−T ) + 1

)
(4.7)

where, ω = Cdθe
−ηξ

The holding cost of product per production cycle for manufacturer is

HCm = h

∫ T

ts

Im(t)dt

HCm = h.

(
q

ρ
− r

ρ2

)
(T − ts) + h

(
q

ρ
− r

ρ2

)
1

ρ

(
eρ(ts−T ) − 1

)

+ h
r

ρ

(
T 2

2
− t2s

2

)
− h

rts
ρ2

(
eρ(ts−T ) + 1

)
(4.8)

Hence the average profit function for manufacturer per time unit is given by,

APm =
c

T
.
(
1− e(ρ+ϕ)T

)(
βp

ρ+ ϕ
− αe−aT

ρ+ ϕ− a

)
− Cp

T
(T − ts)

(
q +

r

2
(T − ts)

)
− ψ

(
q

ρ
− r

ρ2

)
(T − ts)−

ψ

ρ

(
q

ρ
− r

ρ2

)(
1− eρ(T−ts)

)
− ψr

ρ

(
T 2

2
− t2s

2

)
− δκξ − Cs

T
+
ψrts
ρ2

(
1− eρ(T−ts)

) (4.9)

where, ψ =
(
h+ Cdθe

−ηξ
)
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5. Total Profit Function

In this article we have considered that the manufacturer and retailer both are
work together as a single unit and for reducing the deterioration rate of items they
both are invest on preservation technology with revenue sharing. To find total profit
of whole supply chain unit we formulate the total average profit function of whole
supply chain inventory system as,

NTP = APr +APm

NTP =
pα

Ta
(1− e−aT )− βp2 − Cp

T
(T − ts)

(
q +

r

2
(T − ts)

)
− C0

T
− Cs

T
− κξ

+
1

T

(
T +

1

ρ+ ϕ
− e(ρ+ϕ)T

ρ+ ϕ

)(
βp

ρ+ ϕ
− αe−aT

ρ+ ϕ− a

)
− ψ

(
q

ρ
− r

ρ2

)
(T − ts)

− ψ

ρ

(
q

ρ
− r

ρ2

)(
1− eρ(T−ts)

)
− ψ

r

ρ

(
T 2

2
− t2s

2

)
− ψrts

ρ2

(
1− eρ(T−ts)

)
where, ψ =

(
h+ Cdθe

−ηξ
)

and ζ =
(
ϕp− h− Cdθe

−ηξ
)

Proposition 5.1. There exist an unique optimal selling price p∗ for stock dependent
demand, net total profit function NTP(T, p) is maximum for fixed time horizon T and
preservation cost ξ.

Proof. The first order partial derivative of the net profit function is

∂NTP (T, p)

∂p
=

α

Ta
(1− e−aT )− 2βp− 1

T
ζ

(
T +

1

ρ+ ϕ
− e(ρ+ϕ)T

ρ+ ϕ

)
βp

ρ+ ϕ

+ ϕ

(
βp

ρ+ ϕ
− αe−aT

ρ+ ϕ− a

)(
T +

1

ρ+ ϕ
− e(ρ+ϕ)T

ρ+ ϕ

)
(5.1)

Where, ζ =
(
ϕp− h− Cdθe

−ηξ
)

If p∗ is a optimal value p, then ∂NTP (T,p)
∂p must be equal to zero

i.e.
∂NTP (T, p)

∂p
= 0

Solve for the optimal price p∗

we have

p∗ =

α
a (1− e−aT )−

(
T + 1

ρ+ϕ − e(ρ+ϕ)T

ρ+ϕ

)(
β(h+Cdθe

−ηξ)
ρ+ϕ + ϕαe−aT

ρ+ϕ−a

)
2βT − 2βϕ

ρ+ϕ

(
T + 1

ρ+ϕ − e(ρ+ϕ)T

ρ+ϕ

) (5.2)

for maximum value NTP(T, p) at point p = p∗, we have

∂2NTP (T, p)

∂p2
= −2βT +

(
T +

1

ρ+ ϕ
− e(ρ+ϕ)T

ρ+ ϕ

)
2βp

ρ+ ϕ
< 0 (5.3)

for β > 0 and
(
T + 1

ρ+ϕ − e(ρ+ϕ)T

ρ+ϕ

)
< 0, because

(
T + 1

ρ+ϕ <
e(ρ+ϕ)T

ρ+ϕ

)
□

Proposition 5.2. For fixed ξ, there exist an optimal solution (T ∗.p∗) that maximize
the net profit function NTP(T, p), and also it is unique.

Special case
When we consider demand function as a price sensitive only (i.e. ϕ = 0) then the
Equation (5.1) reduces to the following form



BEST PROXIMITY PAIRS 41

6. Total Profit Function

Therefore, the total average profit function whole inventory supply chain system
is,

NTP = APr +APm

NTP =
pα

Ta
(1− e−aT )− βp2 − Cp

T
(T − ts)

(
q +

r

2
(T − ts)

)
− C0

T
− Cs

T
− κξ

− 1

T
σ

(
T +

1

ρ
− eρT

ρ

)(
βp

ρ
− αe−aT

ρ− a

)
− ψ

(
q

ρ
− r

ρ2

)
(T − ts)

− ψ

ρ

(
q

ρ
− r

ρ2

)(
eρ(ts−T ) − 1

)
− ψ

r

ρ

(
T 2

2
− t2s

2

)
− ψrts

ρ2

(
eρ(ts−T ) + 1

)
where, ψ =

(
h+ Cdθe

−ηξ
)

and σ =
(
h+ Cdθe

−ηξ
)

Proposition 6.1. There exist an unique optimal selling price p∗1 at which the net total
profit function NTP (T , p) is maximum for fixed time horizon T and preservation cost
ξ. where p∗1 is a price of unit item for special case.

Proof. The first order partial derivative of the net profit function are

∂NTP (T, p)

∂p
=

α

Ta
(1− e−aT )− 2βp− 1

T
ζ

(
T +

1

ρ
− eρT

ρ

)
β

ρ
(6.1)

Where, ζ = −
(
h+ Cdθe

−ηξ
)

If p∗1 is a optimal value of p, then ∂NTP (T,p)
∂p must be equal to zero

i.e.
∂NTP (T, p)

∂p
= 0

Solve for the optimal price p∗1
we have

p∗1 =

α
a (1− e−aT )−

(
T + 1

ρ − eρT

ρ

)
β
ρ (h+ Cdθe

−ηξ)

2βT
(6.2)

at point p = p∗1, NTP(T, p) has maximum value if

∂2NTP (T, p)

∂p2
= −2βT < 0 (6.3)

for β > 0. □

Proposition 6.2. For fixed ξ, there exist an optimal solution (T ∗.p∗1), that maximize
the net profit function NTP(T, p), and also it is unique.

Theorem 6.1. If p is selling price of a product with stock dependent and price
sensitive demand and p∗1 is a selling price of a product with price sensitive demand,
than for aT ≥ 0, p∗ is always less than equal to p∗1.

Proof. For this we will prove that p∗1p∗ > 0
From the prepositions 1 and 3 we have[

α

a
(1− e−aT )−∆1π

β

ρ

] [
2βT − 2βϕ

ρ+ ϕ
∆2

]
−2βT

[
α

a
(1− e−aT )−∆2

(
βπ

ρ+ ϕ
+

ϕαe−aT

ρ+ ϕ− a

)]
> 0
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or − α

a
(1− e−aT )

2βϕ

ρ+ ϕ
∆2 +∆1π

β

ρ

2βϕ

ρ+ ϕ
∆2

− 2βT∆2

(
βπ

ρ+ ϕ
+

ϕαe−aT

ρ+ ϕ− a

)
> 0 (6.4)

since π = (h+ Cdθe
−ηξ) > 0, ∆1 =

(
T + 1

ρ − eρT

ρ

)
< 0

and ∆2 =
(
T + 1

ρ+ϕ − e(ρ+ϕ)T

ρ+ϕ

)
< 0, ∀ aT ∈ R+,

therefore, from (6.4) p∗1p > 0.

Where, π = (h+ Cdθe
−ηξ), ∆1 =

(
T + 1

ρ − eρT

ρ

)
,

and ∆2 =
(
T + 1

ρ+ϕ − e(ρ+ϕ)T

ρ+ϕ

)
. □

Corollary 6.3. Net total profit NTP (T, p) is a increasing function with respect to
selling price p, i.e.
if p∗1 > p, then

NTP (T, p∗1) > NTP (T, p).

Example 6.4. In case of stock dependent and price sensitive demand the numerical
example are as follow; α = 65, β = 0.5, κ = 0.5, ξ = 0.1, h = 0.09, θ = 0.1, ϕ = 0.13,
a = 0.01, η = 0.5, q = 8, r = 0.5, C = 10, Cm = 15, Cp = 2, Cs = 1.5, Cd = 1.25,
then p = 18, T = 1.47, Net Total Profit= 1072.18

Example 6.5. (for special case)
In case of only price sensitive demand the numerical example are as follow;

α = 65, β = 0.5, κ = 0.5, ξ = 0.1, h = 0.09, θ = 0.1, ϕ = 0, a = 0.01, η = 0.5, q = 8
r = 0.5, C = 10 Cm = 15, Cp = 2, Cs = 1.5, Cd = 1.25,then p = 93.39, T = 1.47,
Net Total Profit= 1642.66

In view of above numerical examples case second is more profitable in place of
case first. In the second demand pattern manufacturer and retailer both are save
the bulk revenue which are required initial investment on spacing, preservation
investment and deterioration.

7. Sensitive Analysis

If the initial demand increases, the consumed order quantity, net profit and sell
ing price of item (figure 1) increases sharply, thou time span (figure 2) decreased
marginally. This reveals that initial demand boost the profit of manufacturer and
as well as of retailer. If the stock dependent parameter ϕ increases then time hori
zon T reduces sharply (figure 3). This reveals that for highly stock dependent items
keep the time horizon less as possible, and accordingly orders frequently. Moreover
the net profit of manufacturer and retailer is sensitive on stock dependent param
eter, for certain value of ϕ (0.01 to 0.025) the profit of both increases marginally,
but thereafter ϕ ≥ 0.025, manufacturer’s profit is constant and retailer’s profit de
creases sharply. Then, there exist an optimal value of ϕ that maximize the profit
function (see figure 5)

Since β is a price sensitive parameter of demand function, and in this supply
chain model, retailer may decide their items price for maximizing the total profit.
On the basis of above statement for fixed β = 0.03, α = 10, κ = 0.5, ξ = 0.1,
h = 0.09, θ = 0.02, ϕ = 0.13, a = 0.01, η = 0.5, q = 8, r = 0.5, c = 10, Cm = 15,
Cp = 2, Cr = 1.5, Cd = 1.25, then at the value of decision variables are T = 0.795,
p = 38, NTP (Net total profit) = 320.10 (figure 4).
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Figure 1. Effect of initial demand α on price p

Figure 2. Effect of initial demand α on time horizon T

Figure 3. Effect of stock dependent parameter ϕ on time horizon T

Selling price of the item is highly sensitive on parameter β. Therefor those
items which are highly price sensitive (for greater value of β) would be sustain
in market with fluctuating price (figure 6 ). However high selling price does not
guarantee to earn more profit (figure 4), for even business setup an optimal selling
price exists for this profit is optimal for manufacturer as well as retailer. As per
(figure 4) optimal selling price is p = 38 and for this sum of the manufacturer and
retailer profit 320.10 is optimal. On increasing the parameter β, net profit NTP is
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Figure 4. The effect of price p on NTP

Figure 5. Effect of stock dependent parameter ϕ on APm

Figure 6. Effect of price sensitive parameter β on price p

also increases but after certain value of β = 0.03, NTP decreases.
Thus we have observed from (figure 6) selling price is linearly proportional to

the parameter β and there exists an optimal price for highest profit. The above
phenomenon follows for parameter β also. Hence there exists an optimal value of
β that maximize the profit of manufacturer and retailer (figure 8). Above phenom
enon is also applicable for time cycle, therefore there exists an optimal value of T
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Figure 7. Effect of time horizon T on NTP

Figure 8. Effect of price sensitive parameter β on net total profit

(see figure 7 ) that maximize, the net total profit
In this research study it is found that when the production rate is time de

pendent linear function of t then the deterioration factor is more effective on the
profit of manufacturer therefor if the deterioration rate is very low the profit of
manufacturer is proportionally large and if the deterioration rate is high the profit
of manufacturer is proportionally small i.e. the profit of manufacturer is inversely
proportional to deteriorating rate.

8. Conclusion

The paper contains an inventory supply chain model for deteriorating seasonal
items in which the deterioration rate can be controlled by investing on the preser
vation technology. By analysis, we have observed that for price sensitive and stock
dependent demand pattern, deteriorating nature of products is more effective of
the profit of manufacturer, therefore production management must provide to the
retailer for a percentage of revenue sharing on preservation technology. We also
observe that price dependent demand is more profitable than price and stock de
pendent demand. For a business setup we have found optimum time, price and
time cycle to obtain maximum profit. It is advised to retailer to order in small lot size
and small time cycle to obtain maximum profit, because the deterioration highly
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influence the model output. One can extend the model for multi supply chain and
also for multi products. Also one can formulate the model in fuzzy environment.

References

1. A. K. Jalan and K. S. Chaudhuri, EOQ models for items with weibull distribution deterioration,
shortages and trended demand, International Journal of Systems Science, 27(9)(1996)851855.

2. B. C. Giri and K. S. Chaudhuari, Heuristic models for deteriorating items with shortages and time
varying demand and costs, International Journal of Systems Science, 28(2)(1997)153159.

3. B. C. Giri and S. Bardhan, Supply chain coordination for a deteriorating item with stock and price
dependent demand under revenue sharing contract, International Transaction in Operational Re
search, 19(5)(2012)753768.

4. B. R. Sarkar, S. Mukherjee and C. V. Balan, An order level lot size inventory model with inven
tory level dependent demand and deterioration, International Journal of Production Economics,
48(3)(1997)227236.

5. D. H. Kim, A heuristic for replenishment of deteriorating items with linear trend in demand, Inter
national Journal of Production Economics, 39(3)(1995)265270.

6. D. Shukla and U. K. Khedlekar, Simulation of inventory policy for product with price and time
dependent demand for deteriorating item, International Journal of Modeling Simulation and Scientific
Computing, 3(1)(2012)130.

7. F. Raafat, P. M. Wolfe and H. K. Eldin, An inventory model for deteriorating items, Computers and
Industrial Engineering, 20(2)(1991)8994.

8. G. P. Cachon and M. A. Lariviere, Developed supply chain coordination with revenue sharing con
tracts model, Management Science, 51(1)(2005)3044

9. G. P. Samanta and A. Roy, A production Inventory Model with deteriorating items and shortages,
Yugoslav Journal of Operations Research, 14(2)(2004)219230.

10. H. M. Wee, Joint pricing and replenishment policy for deteriorating inventory with declining market,
International Journal of Production Economic, 40(2)(1995)163171.

11. H. Xu and H. Wang, An economic ordering policy model for deteriorating items with time propor
tional demand, European Journal of Operational Research, 46(1)(1990)2127.

12. K. J. Heng, J. Labban and R. J. Linn, An Order level lot size inventory model for deteriorating item
with finite replenishment rate, Computers and Industrial Engineering, 20(2)(1991)187197.

13. K. Jain and E. A. Silver, Lot sizing for a product subject to the obsolescence or perishability,
European Journal of Operational Research, 75(2)(1994)287295.

14. L. Liu and Z. Lian (s,S), Continuous review models with fixed life times, Operations Research,
47(1)(1999)150158.

15. L. Y. Ouyang, K. S. WU and M. C. Cheng, An inventory model for deteriorating items with ex
ponential declining demand and partial backlogging, Yugoslav Journal of Operations Research,
15(2)(2005)277288.

16. M. IIyeong, B. C. Giri and Ko. Byungsung, Economic order quantity models for ameliorat
ing/deteriorating items under inflation and time discounting, European Journal of Operational Re
search, 162(1)(2003)773785.

17. M. Jain S. Ratore and G. C. Sharma, Economic production quantity models with shortages, price
and stockdependent demand for deteriorating items, IJE Transactions, 20(2)(2007)159168.

18. P. C. Yang, H. M. Wee, S. L. Chung and Huang, Pricing and replenishment strategy for a multi
market deteriorating product with timevarying and pricesensitive demand, Journal of Industrial
and Management Optimization, 9(4)(2013)769787.

19. P. N. Ghare and G. F. Schradar, A model for exponentially decaying inventory, Journal of Industrial
Engineering, 14(1963)238243.

20. P. Nandakumar and T. E. Morton, Near myopic heuristic for the fixed life perishability problem,
Management science, 39(12)(1993)14901498.

21. R. Palani and M. Maragatham, EOQ model for controllable deterioration rate and time dependent
demand and inventory holding cost, International Journal of Mathematics Trends and Technol
ogy(IJMTT), 39(4)(2016)245251.

22. R. Uthayakumar and P. Parvathi, Determination of replenishment cycle time for an EOQ model with
shortages and deteriorating items, International Journal of Mathematical Science, 6(3)(2007)289
303.

23. S. Jain and M. Kumar, An EOQ Inventory model for ramp type demand for weibull distribution
deterioration and starting with shortages, Opsearch, 44(3)(2007)240249.



BEST PROXIMITY PAIRS 47

24. S. Kalpakam and K. P. Sapana, Continuous review (s,S) inventory system with random lifetimes
and positive lead times, Operations Research Letters, 16(2)(1994)115119.

25. T. Chakrabarty, B. C. Giri and K. S. Chaudhuri, An EOQ model for items with weibull distribution
deterioration, shortages and trended demand; an extension of Philip’s model, Article in Computers
& Operations Research , 25(7)(1998)649657.

26. T. K. Datta and A. K. Pal, Deterministic inventory systems for deteriorating items with inventory
leveldependent demand rate and shortages, Opsearch, 27(1)(1990)213224.

27. U. K. Khedlekar and A. Namdeo, An inventory model for stock and price dependent demand, Alla
habad Mathematical Society, 30(2)(2015)253267.

28. U. K. Khedlekar, A. Namdeo and A.R. Nigwal, Production inventory model with disruption con
sidering shortages and time proportional demand, Yugoslav Journal of Operations Research,
28(2018)123139,

29. U. K. Khedlekar, D. Shukla and A. Namdeo, Pricing policy for declining demand using item preser
vation technology, Springer Plus 5(2016)111.

30. V. K. Mishra, Inventory model of deteriorating items with revenue sharing on preservation tech
nology investment under price Sensitivity stock dependent demand, International Journal of Math
ematical Modeling & Computations, 21(06)(2016)3748.

31. Xu. Haiping and H. Wang, An economic ordering policy model for deteriorating items with time
proportional demand, European Journal of Operational Research, 46(1)(1990)2127.

32. Y. He and H. Huang, Optimizing inventory and policy for seasonal deteriorating products with
preservation technology investment, Hindawi Publishing Corporation Journal of Industrial Engi
neering volume, 2013(2013)17.

33. Y. He, S. Y. Wang and K. K. Lai, An optimal production inventory model for deteriorating items with
multiplemarket demand, European Journal of Operational Research, 203(3)(2010)593600.


	1.  INTRODUCTION 
	2. Notations and Assumptions
	3. Proposed Model for Retailer
	4. Proposed Model for Manufacturer
	5. Total Profit Function
	6. Total Profit Function
	7. Sensitive Analysis
	8. Conclusion
	References

