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Abstract: This study examines the effect of monetary inflation for a two-warehouse single-product
inventory system, in which items are stored in a limited capacity Own Warehouse (OW) and an
unlimited capacity Rental Warehouse (RW). Demand for an item is considered stock dependent.
Items may deteriorate at a different constant rate in both warehouses. Shortages are allowed in the
stock-out period and are partially backlogged and satisfied in the next replenishment point. The
supplier permits flexible payment options for the retailer to pay the amount in three equal payments
at different time points. The retailers’ preferred payment option is as follows: the first payment is
prior to the replenishment point with some discount; the second payment is one-third of the total
purchasing cost, which is paid at the time of the replenishment epoch; and the third payment is after
the replenishment point and before the start of the next cycle, with some penalty. The influence of
inflation on the cost calculation is considered, and an analytic expression for optimal minimal cost is
explicitly derived from this. We performed arrived sensitivity analysis to discern the effects of the
inflation and backlogging rates, as well as the effects of the discount rate on purchasing cost, and the
effects of penalties upon the late payment of purchasing costs in optimizing the total cost.

Keywords: two-warehouse inventory; stock-dependent demand; inflation; payment options;
partial backlogging

MSC: 90B05

1. Introduction

In the study of a single product, the deterministic inventory implementation of real-
time practices on two-warehouse inventory models is popular. The retailers are given
feasible settlement options by the supplier, and such a contract helps to prolong the strong
relationship between the retailer and the supplier in economic marketing. Most of the
time, demand for the items depends on the stock on hand, price of the items, seasonal
climatic conditions, and/or reach of advertisements about the item. Item deterioration
is one of the most challenging factors that is unavoidable in inventory maintenance. We
may postpone deterioration to some extent by facilitating warehouse conditions. As a
result, instantaneous deterioration is avoided. A non-instantaneous deteriorated single-
product inventory model with limited storage place is considered in ref. [1], analyzing
the effect of changing the price of the inventory in between the replenishment cycle,
taking into account total profit and derived pricing policies. Recently, two-warehouse
inventory was studied in ref. [2], which considered stock-dependent demand on fresh
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items in the OW and derived the future cash flow of the firm. The derived profit functions
are based on the resupply policies, which are validated numerically. Article [3] also
discussed stock-dependent demand and derived the profit function. Unavoidable item
deterioration phenomena are more challenging during lockdown periods, such as during
the COVID-19 pandemic. The impact of demand volatility on derived inventory policies
for two-warehouse deteriorated-items inventory was discussed in ref. [4], which solved
the nonlinear cost function. A two-warehouse model of perishable items with Weibull-
type linear time-dependent demands evolving in two different scenarios were studied in
ref. [5] to minimize the system’s total cost. To sustain itself in the competitive economic
market, it is essential that the supplier grants different types of payment options to the
retailer to continue long-term business. The financial view on long payment delays is
validated by using existing US firm data, which showed consistent results in ref. [6].
Many of the suppliers permit late and advanced payment options with different slotted
options to attract customers. The EOQ model of decaying items along with an advance
full-payment schedule is studied by ref. [7] in three different cases, namely full backlogging
of demands, partial backlogging of demands, and no such shortages. Model performance
is analyzed along with some managerial insights. The payment concept is detailed and
discussed in articles [8,9]. Article [10] gives due importance to the inventory policy of
the customers along with two cases: one on full pre-payment and another on partial pre-
payment along with partial delay payment options by including shortages in both cases.
The influence of the length of the advance and delayed payment on the inventory cycle is
established with numerical illustrations. Articles [11–13] are fully based on deteriorating
items. An inventory control model analyzing the price- and time-dependent demand
of deteriorating items to maximize the total replenishment cycle profit is carried out in
ref. [14] by allowing and not allowing shortages in the full pre-payment option environment.
Recommendations and suggestions are given to the retailer to offer discounts upon pre-
payment options. Advance cash credit (ACC) is a common strategy in the literature on
economic marketing and finance. This option is usually given by the supplier to the
retailer. In ref. [15], the seller offers the ACC scheme to his downtrend, which optimizes
the total profit. For further work on advanced payment options and product reworking,
we may refer to Refs. [16,17]. Refer to ref. [18] for the study of two-warehouse inventory
models with items that have non-instantaneous deterioration in the rental warehouse and
deterioration that starts immediately in their own warehouse. Selling-price-dependent
demand is considered with an advance payment option. The optimal algorithm has arrived
in three different cases of starting-time deterioration. The impact of monetary inflation
in the study of inventory management is an inevitable challenge faced by both suppliers
and retailers because it makes a ripple effect on all types of prices for suppliers and
retailers by lowering their revenue. A two-warehouse inventory model of deteriorated
items with partial backlogging is studied by ref. [19], which imposed the permissible delay
payment option on the inflation environment and derived the maximum net present value
of the retailer’s profit. The backlogging option is considered in an inventory model with
trapezoidal demand and deterioration-preventing technology used in ref. [20]. The effect
of the time value of money and inflation are given due importance in ref. [21], which
analyzes the two-warehouse storage inventories of non-instantaneous-deteriorated items
with permissible partial backlogging of shortages. It created the algorithm for minimizing
the present value of the cycle’s total cost. Furthermore, we may refer to articles [22–24] for
the effect of money inflation on arriving at either optimal total cost or profit. In our review of
past literature on the two-warehouse single-product inventory model, due importance is not
given to the real-time situation of three-slot partial payment policies or the effect of money
inflation offered by the supplier, which is a discount in the prior payment and a penalty in
the posterior payment, apart from the partial amount paid at the epoch of the replenishment
point. In any commercial economic marketing, customer satisfaction and retention are
essential parameters to sustain long-term business, even in a heavily competitive economic
market. As for the concern of inventory maintenance and management by a retailer, the
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length of the stock-out period has to be given due importance since the length of the
stock-out period should not exceed the tolerance level of waiting customers. In the study
of inventory modeling, a focus on optimizing the length of the stock-out period is essential
in maintaining and earning the goodwill of the customers. To fill the gap, we proposed this
article to find the optimal cost with the above-said considerations.

The article is arranged as follows: In Section 2, notations of the model and necessary
assumptions are given. Model descriptions and analytic solutions, along with the diagram
for the dynamic inventory, are also provided in Section 2. Section 3 is devoted to numerical
examples with suitable environment parameters and sensitivity analysis. In Section 4, we
conclude the article with a scope for extension.

2. Model Description
2.1. Assumptions

The following assumptions are considered for the model:

• The OW has limited capacity, whereas the capacity of RW is unlimited;
• Items stored in RW are sold first due to higher holding costs;
• Zero lead is considered upon reordering;
• The planning horizon and replenishment rate are infinite;
• We consider linear stock-dependent demand D(t);
• Demands in the stock-out period are partially backlogged;
• Supplier permits the retailer three-slot payment options on paying purchasing costs;
• Retailers may pay one-third of the purchasing cost with a discount at the time epoch

P1 prior to the replenishment point;
• The second part of the purchasing cost is settled at time epoch P2 of the replenish-

ment point;
• The third part of the purchasing cost is paid with a penalty at time epoch P3 which is

posterior to the replenishment point;
• The effect of inflation is considered, and also time-dependent value of money is taken

into account;
• Deterioration starts immediately after purchasing the items but the rate of deterioration

is different in both warehouses due to their existing facilities.

2.2. Model Specifications

We consider a single product for purchasing, storing, and selling. There are I items
initially ordered, which includes the number of items that have been partially backlogged
in the previous cycle. After satisfying the partial backlogged demand of PB items we have
q = I − PB items on hand. w items are stored in the OW, and the remaining q− w items
are stored in the RW.

We always recommend selling items from the RW due to the high holding cost and
other rental charges. The inventory level drops down and reaches zero at time epoch x1 in
the RW due to the combined effect of inventory-dependent demand and items deterioration
at a rate of ϑr. Meanwhile, the items in the OW are decreased only by the deterioration
effect since items in the OW will only be sold after the number of items in the RW become
zero. In the interval [x1, x2], the inventory level drops to zero at time epoch x2 in the OW
due to the effects of stock-dependent demand and items deterioration at a rate of ϑo. After
time epoch x2, order demands up to the next replenishment time epoch at a rate of x3 are
partially backlogged and are satisfied at a rate of β at the next replenish epoch. The diagram
representing the model is in Figure 1.
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Figure 1. Diagrammatic representation of the model.

The effect of monetary inflation is included as the discount rate of monetary inflation.
The supplier permits the retailer to pay the amount in three equal payments at different
time points. We consider the preference of the retailers’ payment option as follows: the
first one-third of the payment is prior to the replenishment point with some discount, the
second one-third of the amount is paid at the time of the replenishment epoch, and the
third one-third of the payment is after the replenishment point and before the start of the
next cycle with some penalty. Corresponding governing differential equations to represent
the dynamism of this model are derived below and solved. The diagram representing the
model is in Figure 1.

The inventory level at any point in the entire replenishment cycle is derived by the
following differential equations: In the RW, the inventory is depleted by the combined
effect of demand and deterioration in the interval [0, x1]. The inventory level at any time
point t in [0, x1] is derived from the differential equation

(Ir(t))t = −ϑr Ir(t)− A− BIr(t); 0 ≤ t ≤ x1 (1)

Integrating Equation (1), we obtain

e(ϑr+b)t Ir(t) = −A
e(ϑr+b)t

(ϑr + b)
+ c (2)

Using the boundary condition Ir(x1) = 0, we obtain

Ir(t) =
A

ϑr + B

{
e(ϑr+B)(x1−t) − 1

}
; 0 ≤ t ≤ x1 (3)

In the interval [0, x1], the inventory decreases only due to deterioration. The differen-
tial equation for inventory level at t is represented by

(Io(t))t = −ϑo Io(t); 0 ≤ t ≤ x1 (4)
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The solution of the above Equation (4) is

eϑot Io(t) = c (5)

By using the boundary condition Io(0) = w, we obtain

Io(t) = we−ϑot; 0 ≤ t ≤ x1 (6)

After emptying the RW, the arriving demands are satisfied by items from the OW.
Both demand and deterioration occur in the interval [x1, x2]. The differential equation for
the above interval is

(Io(t))t = −ϑo Io(t)− A− BIo(t); x1 ≤ t ≤ x2 (7)

Solving the above Equation (7), we obtain

e(ϑr+b)t Io(t) = −A
e(ϑr+b)t

(ϑr + b)
+ c (8)

Using the boundary condition Io(x2) = 0, we obtain

Io(t) =
A

ϑo + B

{
e(ϑo+B)(x2−t) − 1

}
; x1 ≤ t ≤ x2 (9)

Furthermore, the time interval [x2, x3] is stock-out period. The inventory level at any
time t in this interval is represented by the below differential equation

(Io(t))t = Aβ; x2 ≤ t ≤ x3 (10)

Solving the differential Equation (10) by using the boundary condition Io(x2) = 0, we
obtain the solution

Io(t) = βA(t− x2); x2 ≤ t ≤ x3 (11)

Initially, the OW has w items, and the RW has Ir(o) and Io(x3) items occur in the
stock-out period. Therefore, from Equation (3)

A
ϑr + B

{
e(ϑr+B)x1 − 1

}
(12)

Additionally, from Equation (11), we obtain the total partially backlogged items

Io(x3) = βA(x3 − x2) (13)

Therefore, the total number of items that have been ordered is
I = Ir(0) + Io(0) + Io(x3), where Io(x3) represents partially backlogged items.

I = w +
A

ϑr + B

{
e(ϑr+B)x1 − 1

}
+ βA(x3 − x2) (14)

Moreover, the present model has been developed under inflationary conditions. Hence,
one simple way of modelling is to assume R, which is the constant rate of inflation. There-
fore, the various costs as the ordering, inventory holding, deteriorating, shortage, and lost
sales costs at any time t are evaluated as follows:

Traditionally, the purchasing cost per cycle is PC = Cp I

PC = Cp

{
w +

A
ϑr + B

{
e(ϑr+B)x1 − 1

}
+ βA(x3 − x2)

}
(15)



Mathematics 2022, 10, 3943 6 of 13

The payment of purchasing cost in the three time slots as a total is

PPC = Prior payment cos t + On time payment cos t + Posterior Payment cos t (16)

PPC =

[
PC
3
−
{
(PC)d

3

}]
e−RP1 +

[
PC
3

]
e−RP2 +

[
PC
3

+

{
(PC)p

3

}]
e−RP3 (17)

PPC =
PC
3

[
(1− d)e−RP1 + e−RP2 + (1 + p)e−RP3

]
(18)

The inventory holding cost in the RW is Chrw = hr
∫ x1

0 Ir(t)e−Rtdt

Chrw =
hr A

ϑr + B

{
Re(ϑr+B)x1 + ((ϑr + B)

(
e−Rx1

)
− (ϑr + B + R)

R(ϑr + B + R)

}
(19)

The inventory holding cost in the OW is

Chow = ho

{∫ x1

0
Io(t)e−Rtdt +

∫ x2

x1

Io(t)e−Rtdt
}

(20)

Chow = hr

{
w

ϑo+R

(
1− e−(ϑo+R)x1

)
+ A

ϑo+B

(
e(ϑo+B)(x2−x1)(e−Rx1−e−Rx2)

ϑo+B+R + e−R(x2−x1)

R

)} (21)

The deterioration cost in the RW and OW, respectively, are as follows

Dcr = dr

∫ x1

0
(ϑr)Ir(t)e−Rtdt (22)

Dcr =
drϑr A
ϑr + B

{
Re(ϑr+B)x1 + ((ϑr + B)

(
e−Rx1

)
− (ϑr + B + R)

R(ϑr + B + R)

}
(23)

Dco = dr

{∫ x1

0
(ϑo)Io(t)e−Rtdt +

∫ x2

x1

(ϑo)Io(t)e−Rtdt
}

(24)

Dco = doϑo

{
w

ϑo+R

(
1− e−(ϑo+R)x1

)
+ A

ϑo+B

(
e(ϑo+B)(x2−x1)(e−Rx1−e−Rx2)

ϑo+B+R + e−R(x2−x1)

R

)
}

(25)

The shortage cost per cycle is

Sc = Cs

∫ x3

x2

Io(t)e−Rtdt (26)

Sc =
CsβA

R2

{
e−Rx2 − e−Rx3 − R(x3 − x2)e−Rx3

}
(27)

The lost sales cost per cycle is

Lc = Cl

∫ x3

x2

A(1− β)e−Rtdt (28)

Lc =
Cl A(1− β)

R

{
e−Rx2 − e−Rx3

}
(29)

Therefore, the total cost, which has to be optimized per unit of time from Equation (18)
to Equation (29) is

TC(x2, x3) =
1
x3
{OC + PPC + Chrw + Chow + Dcr + Dco + Sc + Lc + Rc} (30)
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TC(x2, x3) =
1
x3

{
OC + Cl A(1−β)

R
{

e−Rx2 − e−Rx3
}

+
Cp

{
w+ A

ϑr+B

{
e(ϑr+B)x1−1

}
+βA(x3−x2)

}
3 [(1− d)e−RP1

+e−RP2 + (1 + p)e−RP3 ]

+ hr A
ϑr+B

{
Re(ϑr+B)x1+((ϑr+B)(e−Rx1)−(ϑr+B+R)

R(ϑr+B+R)

}
+ho

{
w

ϑo+R

(
1− e−(ϑo+R)x1

)
+ A

ϑo+B

(
e(ϑo+B)(x2−x1)(e−Rx1−e−Rx2)

ϑo+B+R + e−R(x2−x1)

R

)}
+ drϑr A

ϑr+B

{
Re(ϑr+B)x1+((ϑr+B)(e−Rx1)−(ϑr+B+R)

R(ϑr+B+R)

}
+doϑo

{
w

ϑo+R

(
1− e−(ϑo+R)x1

)
+ A

ϑo+B

(
e(ϑo+B)(x2−x1)(e−Rx1−e−Rx2)

ϑo+B+R + e−R(x2−x1)

R

)}
+Cs βA

R2

{
e−Rx2 − e−Rx3 − R(x3 − x2)e−Rx3

}}

(31)

Let,
C = (1− d)e−RP1 + e−RP2 + (1 + p)e−RP3 (32)

D = OC +
CpC

3

{
w + A

ϑr+B

{
e(ϑr+B)x1 − 1

}}
+ (hr A+drϑr A)

ϑr+B

{
Re(ϑr+B)x1+((ϑr+B)(e−Rx1)−(ϑr+B+R)

R(ϑr+B+R)

}
+(doϑo + ho)

{
w

ϑo+R

(
1− e−(ϑo+R)x1

)} (33)

We obtain,

TC(x2, x3) =
1
x3

{
D +

Cp βAC(x3−x2)
3

+ A(ho+doϑo)
ϑo+B

(
e(ϑo+B)(x2−x1)(e−Rx1−e−Rx2)

ϑo+B+R + e−R(x2−x1)

R

)
+Cs βA

R2

{
e−Rx2 − e−Rx3 − R(x3 − x2)e−Rx3

}
+Cl A(1−β)

R
{

e−Rx2 − e−Rx3
}}

(34)

As we mentioned above, our primary objective is to identify the critical point that
decides the length of the stock-out period to attain the total minimum cost of the entire
replenishment cycle in addition to the optimum ordering quantity. To obtain the optimal
values of x2 and x3 (x̃2 and x̃3), we differentiate Equation (34) with respect x2 and x3:

(TC)x2
= 0 (35)

(TC)x3
= 0 (36)

Solving the necessary conditions for optimality, namely Equations (37) and (38), results
in critical points that have to be further examined.

The critical point that satisfies the sufficient condition:[
(TC)x2x2

][
(TC)x3x3

]
−
[
(TC)x2x3

]2
> 0 (37)

For optimality along with the property,[
(TC)x2x2

]
> 0 (38)
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is identified to achieve our objective of minimizing the total replenishment cycle cost.
MATLAB coding is used to achieve the task. The optimal total cost is denoted by T̃C and
the optimum ordering quantity is denoted by Ĩ.

3. Numerical Illustration and Sensitivity Analysis
3.1. Numerical Illustration

For illustration purposes, we consider the economic environment of the retailer with
the following parameter values: ϑr = 0.43, ϑo = 0.25, B = 0.42, A = 310, w = 150 items,
x1 = 2, ho = 1.5, hr = 4, dr = 3, do = 2, Co = 800, P1 = −0.2, P2 = 0, P3 = 0.2, β = 0.87,
Cp=120, CS = 10, Cl = 7, p = 0.06, d = 0.05, and R = 0.15 for the appropriate units. We
have arrived at the length of the stock-out period as 1.7, which results in the optimal total
cost T̃C as 34,193.62 for the optimal ordering quantity Ĩ of 3836 items. The diagrammatic
representation of the cost function for this above environment is represented in Figure 2.
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Figure 2. Diagrammatic representation of the cost function.

3.2. Sensitivity Analysis

We studied the optimal measures in the above said environment by varying the rate
of inflation, rate of backlogging, discount rate of inflation, and penalty rate. Sensitivity
analysis was performed extensively to support analytical derivation and our discussion of
the proposed model.

3.2.1. Environment with Varying Rate of Inflation

Table 1. Effect of inflation rate on optimizing the total cost.

R StockOut Period
~
I T̃C

Increase in
~
I

Increase in
T̃C

0.12 1.46 3771 33, 540.21 0 0
0.13 1.52 3787 33, 721.09 16 180
0.14 1.59 3806 33, 937.08 35 215.99
0.15 1.7 3836 34, 193.62 65 653.41
0.16 1.81 3865 34, 496.90 94 956.69
0.17 1.94 3901 34, 850.50 130 1310.29
0.18 2.08 3952 35, 257.99 181 1717.78
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By varying the inflation rate R from 0.12 to 0.18, from the above list of parameters we
have listed the minimum total cost, optimum ordering quantity, and the feasible length of
the backlogging interval in Table 1, and the effect is depicted in Figure 3. We discovered
that the increase in inflation rate R increases the length of the stock-out period, which in
turn increases ordering quantity and optimal ordering cost.
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3.2.2. Environment with Varying Rate of Backlogging

Next, by varying the customer’s backlogging rate β from 0.84 to 0.90, the system’s
behaviour is studied. The effect is listed in Table 2 and depicted in Figure 4. We discovered
that the increase in the customer’s backlogging rate β results in an increase in the length
of the stock-out period, which in turn increases ordering quantity and optimal ordering
cost. However, the rate of increase in the total minimum cost is very high and increases the
backlogging rate β rather than the inflation rate R.

Table 2. Effect of backlogging rate on optimizing the total cost.

β StockOut Period
~
I T̃C

Increase in
~
I

Increase in
T̃C

0.84 0.46 3503 31, 367.75 0 0
0.85 0.92 3628 32, 101.88 125 734.13
0.86 1.32 3737 33, 079.56 234 1711.81
0.87 1.7 3836 34, 193.92 333 2826.17
0.88 2.05 3937 35, 387.49 434 4019.74
0.89 2.38 4027 36, 628.39 524 5260.64
0.90 2.68 4108 37, 898.73 605 6530.98

3.2.3. Environment with Varying Rate of Discount

The effect of the discount rate d offered by the supplier upon early payment influences
the optimal cost. To examine this effect, we varied the discount rates d from 0.05 to 0.35
without altering the other parameter values. We have listed the values in Table 3, and they
are also depicted in Figure 5.
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Table 3. Effect of discount rate on purchasing cost when optimizing the total cost.

d StockOut Period
~
I T̃C

Decrease in
~
I

Decrease in
T̃C

0.05 1.7 3836 34, 193.92 0 0
0.10 1.56 3798 33, 321.57 38 872.35
0.15 1.42 3760 32, 475.38 76 1718.54
0.20 1.29 3725 31, 656.70 111 2537.22
0.25 1.15 3687 30, 867.00 149 3326.92
0.30 1.01 3650 30, 107.98 186 4085.94
0.35 0.87 3612 29, 381.49 224 4812.43
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quantity.

3.2.4. Environment with Varying Rate of Penalty

An increase in discount rate d results in a decrease in the backlogging interval, in turn
decreasing the total ordering quantity and minimum total cost of the replenishment cycle.
Instead, the increase in the penalty rate d for the posterior payment results in an increase in
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the stock-out period, total optimum ordering quantity, and optimal total cost of the cycle.
It is listed in Table 4 and depicted in Figure 6.

Table 4. Effect of penalty upon late payment of purchasing cost on optimizing the total cost.

p StockOut Period
~
I T̃C

Increase in
~
I

Increase in
T̃C

0.06 1.7 3836 34, 193.92 0 0
0.11 1.81 3865 35, 038.33 29 844.41
0.16 1.94 3901 35, 904.00 65 1710.08
0.21 2.07 3936 36, 790.16 100 2596.24
0.26 2.19 3968 37, 696.09 132 3502.17
0.31 2.31 4000 38, 621.18 164 4427.26
0.36 2.44 4035 39, 564.87 199 5370.95
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4. Conclusions

A single-product deteriorated inventory system stored in OW and RW with stock-
dependent demand is carried out to find the optimal ordering quantity to minimize the total
expenditure of the entire replenishment cycle. The supplier grants the retailer the ability
to pay the purchasing amount in three time points. The first one is a prior payment with
a discount. The second one is a posterior payment with a penalty. The third is to be paid
at the time of replenishment. The effect of monetary inflation is incorporated in payment,
in addition to the calculation of the shortage cost per cycle, lost sales cost per cycle, and
the inventory holding and deterioration costs of both warehouses. We have arrived at the
total number of items to be ordered to minimize the total expenditure. We recommend
that public retailers who deal with single-commodity two-warehouse inventories under
the above-quoted assumptions offer suppliers three-slot payment options; furthermore,
we provide a numerical example and our obtained optimal total cost of the replenishment
cycle. We found that the environment effects the monetary inflation rate and the customers
backlogging rate at the time of the stock-out period, which led us to the novel consideration
of an attractive of three-slot payment strategy, which offers payment options such as a
discount rate on early payments and a penalty on posterior payments. We then arrived at
the total optimal cost of the cycle. There is a decrease in the optimal total cost of the cycle
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and an increase in the rate of discount on early payments performed by the retailer. In all
other cases, there is an increasing trend in the total optimal cost. This article’s limitations
may trigger other researchers to extend our work by considering the following factors:
total early payments in finite instalments with the consideration of the effect of monetary
inflation due to the economic crisis, a screening process started before the start of the
demand after replenishment, and permitting customers to return the purchased items to
redo the process due to warranty policies, etc.

Author Contributions: Conceptualization, R.T., J.V., L.C. and V.S.; data curation, R.T.; formal analysis,
J.V.; investigation, R.T.; methodology, R.T., J.V., V.S. and L.C.; supervision, V.S. and L.C.; visualization,
R.T. and J.V.; writing—original draft, R.T. and J.V.; writing—review and editing, V.S. and L.C. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data presented in this study are available through email upon
request to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

List of Symbols

Co Ordering cost per order
hr Inventory holding cost per item in the unit of time in RW.
ho Inventory holding cost per item in the unit of time in OW.
dr Deterioration cost per item in the unit of time in RW.
do Deterioration cost per item in the unit of time in OW.
Cp Purchasing cost per item in the unit of time.
Cs Shortage cost per item in the unit of time.
Cl Last sale cost per item in the unit of time.
D(t) A + BI(t), A and B are positive constants
ϑr Deterioration rate in RW.
ϑo Deterioration rate in OW.
d Discount rate for pre-payment.
p Penalty rate for late payment.
β Rate of partial backlogging.
R Net discount rate of inflation and R = γ− i is constant here γ is discount rate and i is inflation rate.
P1 Points at which partial prior payments are performed by the retailer.
P2 Points at which partial on time payments are performed by the retailer.
P3 Points at which partial posterior payments are performed by the retailer.
Ir(t) Level of inventory at t in RW.
Io(t) Level of inventory at t in OW.
I Total inventory to be ordered.
PB Partial backlogged inventory.
x1 Point at which the inventory level reaches zero in RW.
x2 Point at which the inventory level reaches zero in OW.
x3 Length of the entire replenishment cycle.
Rc Rental charge of RW per unit of time.
(M)x Differentiation of M with respect to x.
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