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Abstract  

In this present research work, we developed an economic product quantity model for 
deteriorating items. In this model, we used the selling price and advertising-dependent 
demand function with the impact of the partial trade credit policy. The entire research work 
is carried out under the impact of inflation with different costs. The trade credit policy is 
applied in different cases and our main objective of this model is to get the maximum profit. 
To establish mathematical model numerical examples and sensitivity analysis solved for 
different cases. And optimum values of the decision parameters show the optimality of the 
model and the graphical part shows the concavity of the model. 
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1. Introduction 

The economic production quantity model 
is a simple mathematical model in the 
inventory control system that deals with 
inventory issues in the production system. 
And this model is ideal for the order size. 
EPQ models help to optimize maximum 
profits and reduce total costs. In the 
production system, many items start 
started decay, vaporize, spoil, and damage 
after a certain period due to weak quality 
production, environment, and many 
others. Such as vegetables, alcohol, 
medicines, natural products, fruits, 
flowers, etc. Due to deterioration, 
spoilage, and vaporization the real market 
value of the items and quality of items 
decrease.  To reduce the deterioration 
many technologies are available in the 
market but some techniques are the best 
to provide the extra protection. 
Preservation technology, freezing systems, 
and warehouse systems are available in 
the market. All these technologies we can 
apply to provide extra protection to 
deteriorating items for the maximum life 
period. So applying all techniques producer 

organizations can get maximum profit. So, 
the trade credit system and profit are 
affected by these technologies. Simply we 
can define the trade credit. Trade credit 
means the exchange of products from the 
organization to the supplier and supplier to 
the wholesaler and wholesaler to the 
customer without case payment and 
advance payment. The wholesaler 
provides a delay in payment to his 
customers a few times. In this research, we 
have discussed the partial trade credit with 
the impact of inflation. In simple words, we 
can define inflation. Inflation means a hike 
and down the price value of money 
concerning time. Demand plays a vital role 
in the inventory system. So, demand 
depends on various factors like stock level, 
time, selling price, advertisement, 
inventory level, etc. In this work, demand 
functions are dependent on the selling 
price and advertisement.  

 Shah and Naik [1] presented an inventory 
model for bad-quality items. In this work, 
demand was dependent on time and price 
with a credit period. Two-level supply 
chain systems are also used between 
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supplier and retailer with the impact of 
trade-credit policies. Mahata et al. [2] 
investigated the supply chain system 
between supplier-retailer-customer for 
deteriorating items and the deterioration 
type was non-instantaneous. And demand 
function was dependent on a credit period. 

Bhuniya et al. [3] established two inventory 
models for deteriorating items, the first 
model was carried with selling price 
demand, green technology, and product 
quality. And second model was established 
with trade credit policy under the impact 
of inflation. Jani et al. [4] developed an 
inventory model for deteriorating items 
and they controlled deterioration by fresh 
quality items technology. This research 
work was dependent on deterioration with 
the effect of trade credit and shortages. 

Mahato et al. [5] carried out a model for 
non-instantaneous deteriorating items 
with preservation technology. This model 
has been established with price-sensitive 
demand and time-varying deterioration 
rates under the impact of trade credit and 
carbon tax policy. Nigwal et al. [6] 
presented the EOQ model for imperfect 
quality products considering price-
sensitive demand under the impact of 
trade credit policy. 

Sharma et al. [7] investigated a sustainable 
inventory model including the 
manufacturing and remanufacturing 
process. In this model, the impact of 
carbon emissions and trade credit is also 
included. Singh and Rana [8] developed a 
mathematical model for fragment-quality 
items with the impact of inflation. In this 
research work, they worked on linear 
dependent demand function. And they 
permitted the shortages. Bhawaria and 
Rathore [9] studied an EPQ model for 
deteriorating items with preservation 
technology and the impact of inflation. In 
this model, the demand function used a 
hybrid type such as selling price and stock 

level dependent. They considered the 
impact of partial trade credit.  In the same 
manner, many prominent researchers and 
authors worked on inflation and trade 
credit policy which are given in the table. 
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2. Notations and assumptions 

2.1 Notations 

𝐼𝑖(t): Inventory level per unit, 0 ≤ t ≤ T 

P: Production rate per unit per unit time; 

𝐷(𝐴, 𝑠): Demand rate per unit per unit 
time; 

M: Customer’s trade credit time stored by 
retailer per unit time; 

N: Retailer’s trade credit time provided by 
supplier per unit time; 

H: Holding cost per $ per unit per unit time; 

𝑆𝐶: Setup cost per $ per cycle; 

θ: Deterioration rate, 0 ≤ 𝜃 ≤ 1; 

𝐶𝑅: Regular production cost per $ per unit; 

𝑟𝐶: The repairable cost per $ per unit; 

r: Inflation rate per %; 

𝑆𝑅: The total sales revenue per unit; 

Rr: Reliability rate to produce efficient 
goods per %; 

𝛽: The customer is to pay its retail trader 
when the order,  0 ≤ 𝛽 ≤ 1 

IE: Interest earned by retailer per $ per unit 
time; 

IS Interest paid by retailer per $ per unit 
time; 

𝑇𝑃𝑖 :(s, t1, T): Total profit per $ per unit 
time; 

t1: Production time per unit time; 

s: Selling price per $ per unit; 

A: The advertisement frequency. 

2.2 Assumptions 

We assumed the following assumptions to 
develop the model these are as- 

1. The trade credit policy is partial. 

2. The lead time is zero. 
3. The replacement is instantaneous. 
4. The function is- 

 𝐷(𝐴, 𝑠) = 𝐴𝑎(𝛼 − 𝛽𝑠),   
Where a, α, 𝛽 > 0 

5. Shortages are not permissible. 
6. Under the effect of inflation. 
7. The deterioration rate is θ,   0 ≤ 𝜃 ≤ 1 

 
3. Mathematical model formulation 

At first, we assumed the stock level was 
zero.  Then production starts and the 
inventory level reaches the maximum level 
after the Production stops. And inventory 
level decreases due to demand and 
deterioration and reaches zero level at t = 
0.  Here the demand is less than the 
production rate. Then the governing 
following differential equations in the 
interval [0, T]. 

Inventory level 

 

 

 

 

 

0                       t1                 T        Time                                    

Fig.-1 Inventory functioning 

The governing differential equations are 
given as 

𝑑𝐼1(𝑡)

𝑑𝑡
+ 𝜃𝐼1(𝑡) = 𝑃𝑅𝑟 − 𝐴𝑎(𝛼 − 𝛽𝑠), 0 ≤

𝑡 ≤ 𝑡1                                                                       (1) 

𝑑𝐼2(𝑡)

𝑑𝑡
+ 𝜃𝐼2(𝑡) = −𝐴𝑎(𝛼 − 𝛽𝑠), 𝑡1 ≤ 𝑡 ≤

𝑇    

                                                                     (2) 

With the boundary condition 𝐼1(0) =
0 and 𝐼2(𝑇) = 0 

Solving equations (1) and (2) and using the 
above boundary condition we get 
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𝐼1(𝑡) = (
𝑃𝑅𝑟−𝐴𝑎(𝛼−𝛽𝑠)

𝜃
)(1 − 𝑒−𝜃𝑡)                 

(3) 

𝐼2(𝑡) =
𝐴𝑎(𝛼−𝛽𝑠)

𝜃
(𝑒𝜃(𝑇−𝑡) − 1)                  

(4) 

The given condition at t = t1is continuous so 

𝑇 = 𝑡1 +
1

𝜃
log {1 +

(𝑃𝑅𝑟−𝐴𝑎(𝛼−𝛽𝑠))

𝐴𝑎(𝛼−𝛽𝑠)
(1 −

𝑒−𝜃𝑡1)}                                                                         (5) 

1. Cost Calculation 

The production cost 

𝐶𝑅 = 𝑐𝑃 ∫ 𝑒−𝑟𝑡𝑑𝑡
𝑡1
0

  

𝐶𝑅 =
𝑐𝑃

𝑟
(1 − 𝑒−𝑟𝑡1)                  

(6) 

The holding cost 

𝐻 = ℎ{∫ 𝐼1(𝑡)𝑒
−𝑟𝑡𝑑𝑡 + ∫ 𝐼2(𝑡)𝑒

−𝑟𝑡𝑑𝑡} 
𝑇

𝑡1

𝑡1
0

  

𝐻 = ℎ
(𝑃𝑅𝑟−𝐴𝑎(𝛼−𝛽𝑠))

𝜃
{
(1−𝑒−𝑟𝑡1)

𝑟
+

(𝑒−(𝜃+𝑟)𝑡1−1)

𝜃+𝑟
} + ℎ

(𝐴𝑎(𝛼−𝛽𝑠))

𝜃
{
(𝑒−𝑟𝑇−𝑒−𝑟𝑡1)

𝑟
+

(𝑒𝜃(𝑇−𝑡1)−𝑟𝑡1−𝑒−𝑟𝑇)

𝜃+𝑟
}                

(7)            

The repair cost of defective items 

𝑟𝐶 = 𝐶𝐷(1 − 𝑅𝑟)𝑇𝐴𝑎(𝛼 − 𝛽𝑠)           
(8) 

The setup cost 

𝑆𝐶 = 𝐶0𝑒
−𝑟𝑇                   

(9) 

Total sales revenue 

𝑆𝑅 = 𝑠𝐴𝑎(𝛼 − 𝛽𝑠) ∫ 𝑒−𝑟𝑡𝑇

0
𝑑𝑡  

𝑆𝑅 =
𝑠𝐴𝑎(𝛼−𝛽𝑠)

𝑟
(1 − 𝑒−𝑟𝑇 )             

(10) 

Now the credit periods N (retailer’s) and M 
(Customer’s) then two conditions arise 

Condition-1st   When M < N 

Condition-2nd  When N < M 

Condition-1st When M < N then four cases 
are possible. 

Case-1st N ≤ t1 

Case-2nd t1 < N ≤ T 

Case-3rd M < T ≤ N 

Case-4rt T ≤ M < N 

Case-1st   N ≤ t1 

The payable interest 

𝐼𝑃(11) =

𝑐𝐼𝑆{∫
𝐼1(𝑡)𝑒

−𝑟𝑡𝑑𝑡
+

𝑡1
𝑁

∫ 𝐼2(𝑡)𝑒
−𝑟𝑡𝑑𝑡}

𝑇

𝑡1
  

𝐼𝑃(11) =

𝑐𝐼𝑆 [{
(𝑃𝑅𝑟−𝐴𝑎(𝛼−𝛽𝑠))

𝜃
(
(𝑒−𝑟𝑁−𝑒−𝑟𝑡1)

𝑟
+

(𝑒−(𝜃+𝑟)𝑡1−𝑒−(𝜃+𝑟)𝑁)

𝜃+𝑟
)} +

(𝐴𝑎(𝛼−𝛽𝑠))

𝜃
{
(𝑒𝜃(𝑇−𝑡1)−𝑟𝑡1−𝑒−𝑟𝑇)

𝜃+𝑟
+

(𝑒−𝑟𝑇−𝑒−𝑟𝑡1)

𝑟
}]  

      (11)                  

                                                                                                                                  
The interest earned 

𝐼𝐸(11) = (𝐴𝑎(𝛼 −

𝛽𝑠))𝑠𝐼𝐸{𝛾 ∫ 𝑡𝑒−𝑟𝑡𝑑𝑡 + ∫ 𝑡𝑒−𝑟𝑡𝑑𝑡}
𝑁

𝑀

𝑀

0
   

𝐼𝐸(11) = (𝐴𝑎(𝛼 − 𝛽𝑠))𝑠𝐼𝐸 [𝛾 {
𝑀𝑒−𝑟𝑀

−𝑟
+

(1−𝑒−𝑟𝑀)

𝑟2
} +

1

𝑟
(𝑀𝑒−𝑟𝑀 − 𝑁𝑒−𝑟𝑁) +

1

𝑟2
(𝑒−𝑟𝑀 − 𝑒−𝑟𝑁)]      (12)                                             

Therefore, the total profit 

𝑇𝑃1(𝑠, 𝑡1, 𝑇) =
1

𝑇
(𝑆𝑅 + 𝐼𝐸(11)−𝐶𝑅 − 𝐻 −

𝑟𝐶 − 𝑆𝐶 − 𝐼𝑃(11))                        

(13) 

2. Optimality condition 

To maximize the total profit concerning s, 
t1, T. The optimal necessary conditions are- 

𝜕𝑇𝑃1(𝑠,𝑡1,𝑇)

𝜕𝑠
= 0,

𝜕𝑇𝑃1 (𝑠,𝑡1,𝑇)

𝜕𝑡1
=

0,
𝜕𝑇𝑃1(𝑠,𝑡1,𝑇)

𝜕𝑇
= 0  
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Det. (H1) > 0, Det. (H2) > 0,
𝐷𝑒𝑡. (H3) > 0. 

Where H1, H2, and H3 are the principal 
minor of the Hessian matrix. For the total 
profit- 

[
 
 
 
 
 
 
𝜕2𝑇𝑃1 (𝑠, 𝑡1, 𝑇)

𝜕𝑠2

𝜕2𝑇𝑃1 (𝑠, 𝑡1, 𝑇)

𝜕𝑠𝜕𝑡1

𝜕2𝑇𝑃1 (𝑠, 𝑡1, 𝑇)

𝜕𝑠𝜕𝑇

𝜕2𝑇𝑃1 (𝑠, 𝑡1, 𝑇)

𝜕𝑡1𝜕𝑠

𝜕2𝑇𝑃1 (𝑠, 𝑡1, 𝑇)

𝜕𝑡1
2

𝜕2𝑇𝑃1(𝑠, 𝑡1, 𝑇)

𝜕𝑡1𝜕𝑇

𝜕2𝑇𝑃1 (𝑠, 𝑡1, 𝑇)

𝜕𝑇𝜕𝑠

𝜕2𝑇𝑃1 (𝑠, 𝑡1, 𝑇)

𝜕𝑇𝜕𝑡1

𝜕2𝑇𝑃1 (𝑠, 𝑡1, 𝑇)

𝜕𝑇2 ]
 
 
 
 
 
 

 

Numerical Illustration 

 We have taken the appropriate values of 
the parameters to get the profit.  

IE = $0.1/$/year, M = 0.05year, N = 0.1year, 
r = 0.06, 𝛽 = 0.05, CD = $20/unit, C0 = $200, 
A = 10, a = 0.1, Rr = 0.6, α = 150, h = 
$10/unit/year, C = $50/unit, IS = 
$10/$/year, P = 130 units/year, γ = 130 
units/year. 

The optimal values are- 

t1
* = 3.87281, T* = 3.99204, s* = 370.1027, 

TP1
* = 28831.7 

The Graphical presentation 

 

 

 

Fig. 2 Concavity graph w. r. t. t1, T, and 
𝑻𝑷𝟏 

Case 2: t1 < N ≤ T 

The payable interest 

𝐼𝑃(12) = 𝐶𝐼𝑆 ∫ 𝐼2(𝑡)𝑒
−𝑟𝑡𝑑𝑡

𝑇

𝑁
          

(14) 

𝐼𝑃(12) =
𝐶𝐼𝑆𝐴𝑎(𝛼−𝛽𝑠)

𝜃
[
𝑒𝜃𝑇−(𝑟+𝜃)𝑁−𝑒−𝑟𝑇

(𝑟+𝜃)
+

𝑒−𝑟𝑇−𝑒−𝑟𝑁

𝑟
]                                                                  (15) 

The interest earned 

𝐼𝐸(12) = 𝑠𝐴𝑎(𝛼 − 𝛽𝑠)𝐼𝐸[𝛾 ∫ 𝑡𝑒−𝑟𝑡𝑑𝑡 +
𝑀

0

∫ 𝑡𝑒−𝑟𝑡𝑑𝑡
𝑁

𝑀
]                                                               (16) 

𝐼𝐸(12) = 𝑠𝐴𝑎(𝛼 − 𝛽𝑠)𝐼𝐸 [
𝛾𝑀𝑒−𝑟𝑀

−𝑟
+

𝛾 (
1−𝑒−𝑟𝑀

𝑟2 ) + (
𝑀𝑒−𝑟𝑀−𝑁𝑒−𝑟𝑁

𝑟
) +

(
𝑒−𝑟𝑀−𝑒−𝑟𝑁

𝑟2 )]    

                   (17) 

Therefore, the total profit 

𝑇𝑃2(𝑠, 𝑡1, 𝑇) =
1

𝑇
(𝑆𝑅 + 𝐼𝐸(12)−𝐶𝑅 − 𝐻 −

𝑟𝐶 − 𝑆𝐶 − 𝐼𝑃(12))    

Numerical Illustration 

The following data was used. 

IE = $0.0001/$/year, M = 0.09year, N = 
1.48year, r = 0.06, 𝛽 = 0.2, CD = $20/unit, C0 
= $200, A = 10, a = 0.03, Rr = 0.6, α = 150, h 
= $10.5/unit/year, C = $12.2/unit, IS = 
$140/$/year, P = 70 units/year, γ = 130 
units/year. 

The optimal solutions are- 

t1
* = 0.872129, T* = 1.48092, s* = 378.308, 

TP2
* = 28874.3 

The Graphical presentation 
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Fig. 3 The Concavity graph w. r. t. s, T, 
and 𝑻𝑷𝟐 

Case 3: M < T ≤ N 

In this case payable interest  

𝐼𝑃(13) = 0                                                                    (18) 

The interest earned 

𝐼𝐸(13) = 𝑠𝐴𝑎(𝛼 − 𝛽𝑠)𝐼𝐸 [𝛾 ∫ 𝑡𝑒−𝑟𝑡𝑑𝑡 +
𝑀

0

∫ 𝑡𝑒−𝑟𝑡𝑑𝑡 + 𝑇 ∫ 𝑒−𝑟𝑡𝑁

𝑇

𝑇

𝑀
]                              (19) 

𝐼𝐸(13) =  𝑠𝐴𝑎(𝛼 − 𝛽𝑠)𝐼𝐸 [
−𝛾𝑀𝑒−𝑟𝑀

𝑟
+

𝛾 (
1−𝑒−𝑟𝑀

𝑟2 ) + (
𝑀𝑒−𝑟𝑀−𝑁𝑒−𝑟𝑁

𝑟
) +

(
𝑒−𝑟𝑀−𝑒−𝑟𝑇

𝑟2 )]  

             
(20) 

Therefore, the total profit 

𝑇𝑃3(𝑠, 𝑡1, 𝑇) =
1

𝑇
(𝑆𝑅 + 𝐼𝐸(13)−𝐶𝑅 − 𝐻 −

𝑟𝐶 − 𝑆𝐶 − 𝐼𝑃(13))    

Numerical Illustration 

The following data was used. 

IE = $0.0001/$/year, M = 0.09year, N = 
1.48year, r = 0.06, 𝛽 = 0.2, CD = $20/unit, C0 
= $200, A = 10, a = 0.03, Rr = 0.6, α = 150, h 
= $10.5/unit/year, C = $12.2/unit, IS = 
$140/$/year, P = 70 units/year, γ = 130 
units/year. 

The optimal solutions are- 

t1
* = 0.527013, T* 1.30367, s* = 379.654, 

TP* = 28866.1 

The Graphical presentation 

 

 

Fig. 4 The Concavity graph w. r. t. s, t1, 
and 𝑻𝑷𝟑 

Case 4: T < M ≤ N 

In this case payable interest 

𝐼𝑃(14) = 0                      

(21) 

The interest earned  

𝐼𝐸(14) = 𝑠𝐴𝑎(𝛼 − 𝛽𝑠)𝐼𝐸 [𝛾 ∫ 𝑡𝑒−𝑟𝑡𝑑𝑡 +
𝑇

0

𝑇𝛾 ∫ 𝑒−𝑟𝑡𝑑𝑡 + 𝑇 ∫ 𝑒−𝑟𝑡𝑁

𝑀

𝑀

𝑇
]                           (22) 

𝐼𝐸(14) =  𝑠𝐴𝑎(𝛼 − 𝛽𝑠)𝐼𝐸 [
−𝛾𝑇𝑒−𝑟𝑇

𝑟
+

𝛾 (
1−𝑒−𝑟𝑇

𝑟2
) + 𝑇𝛾 (

𝑒−𝑟𝑇−𝑒−𝑟𝑀

𝑟
) +

𝑇 (
𝑒−𝑟𝑀−𝑒−𝑟𝑁

𝑟
)]                      

(23)     

Therefore, the total profit 

𝑇𝑃4(𝑠, 𝑡1, 𝑇) =
1

𝑇
(𝑆𝑅 + 𝐼𝐸(14)−𝐶𝑅 − 𝐻 −

𝑟𝐶 − 𝑆𝐶 − 𝐼𝑃(14))   

Numerical Illustration 

The following data was used. 

IE = $0.0001/$/year, M = 1.5 year, N = 1.6 
year, r = 0.06, 𝛽 = 0.2, CD = $20/unit, C0 = 
$200, A = 10, a = 0.03, Rr = 0.6, α = 150, h = 
$10.5/unit/year, C = $12.2/unit, IS = 

s 
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$140/$/year, P = 70 units/year, γ = 130 
units/year. 

The optimal solutions are- 

t1
* = 0.52061, T* = 1.30006, s* = 379.59, 

𝑇𝑃4
* = 29447.1 

The Graphical presentation 

 

Fig. 5 The Concavity graph w. r. t. T, t1, 
and 𝑻𝑷𝟒 

 Condition-2 N < M 

Case- 5 N < M ≤ t1 

Case- 6 t1 < N < M ≤ T 

Case- 7 T ≤ N < M 

Case- 5 N < M ≤ t1 

In this case payable interest  

𝐼𝑃(25) = 𝐶𝐼𝑆 ∫ 𝐼1(𝑡)𝑒
−𝑟𝑡𝑑𝑡

𝑡1
𝑁

+

∫ 𝐼2(𝑡)𝑒
−𝑟𝑡𝑑𝑡

𝑇

𝑡1
           

(24) 

𝐼𝑃(25) =

𝐶𝐼𝑆 [{
(𝑃𝑅𝑟−𝐴𝑎(𝛼−𝛽𝑠))

𝜃
(
(𝑒−𝑟𝑁−𝑒−𝑟𝑡1)

𝑟
+

(𝑒−(𝜃+𝑟)𝑡1−𝑒−(𝜃+𝑟)𝑁)

𝜃+𝑟
)} +

(𝐴𝑎(𝛼−𝛽𝑠))

𝜃
{
(𝑒−𝑟𝑇−𝑒𝜃(𝑇−𝑡1)−𝑟𝑡1)

𝜃+𝑟
+

(𝑒−𝑟𝑇−𝑒−𝑟𝑡1)

𝑟
}]      

                                                                   (25) 

The interest earned  

𝐼𝐸(25) = (𝐴𝑎(𝛼 − 𝛽𝑠))𝑠𝐼𝐸𝛾 ∫ 𝑡𝑒−𝑟𝑡𝑑𝑡
𝑁

0
     

(26) 

𝐼𝐸(25) = (𝐴𝑎(𝛼 − 𝛽𝑠))𝑠𝐼𝐸𝛾𝑁2                    

(27) 

Therefore, the total profit 

𝑇𝑃5(𝑠, 𝑡1, 𝑇) =
1

𝑇
(𝑆𝑅 + 𝐼𝐸(25)−𝐶𝑅 − 𝐻 −

𝑟𝐶 − 𝑆𝐶 − 𝐼𝑃(25))   

Numerical Illustration 

The following data was used. 

IE = $0.07/$/year, M = 1.481year, N = 1.48 
year, r = 0.06, 𝛽 = 1.3, CD = $25/unit, C0 = 
$170, A = 10, a = 0.0001, Rr = 0.7, α = 98, h 
= $10/unit/year, C = $10/unit, IS = 
$150/$/year, P = 70 units/year, γ = 105 
units/year, 𝜃 = 0.00001 

The optimal solutions are- 

t1
* = 1.47899, T* = 1.48176, s* = 37.7404, 

𝑇𝑃5
* = 30417.2 

The Graphical presentation 

 

Fig. 6 The Concavity graph w. r. t. s, t1, 
and 𝑻𝑷𝟓 

Case- 6 t1 < N < M ≤ T 

In this case payable interest  

𝐼𝑃(26) = 𝐶𝐼𝑆 ∫ 𝐼2(𝑡)𝑒
−𝑟𝑡𝑑𝑡

𝑇

𝑁
                  

(28) 

𝐼𝑃(26) = 𝐶𝐼𝑆
(𝐴𝑎(𝛼−𝛽𝑠))

2
(𝑇 − 𝑁)2            

(29) 

 

The interest earned  

T 
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𝐼𝐸(26) = (𝐴𝑎(𝛼 − 𝛽𝑠))𝑠𝐼𝐸𝛾 ∫ 𝑡𝑒−𝑟𝑡𝑑𝑡
𝑁

0
     

(30) 

𝐼𝐸(26) = (𝐴𝑎(𝛼 − 𝛽𝑠))𝑠𝐼𝐸𝛾𝑁𝑇             

(31) 

 

Therefore, the total profit 

𝑇𝑃6(𝑠, 𝑡1, 𝑇) =
1

𝑇
(𝑆𝑅 + 𝐼𝐸(26)−𝐶𝑅 − 𝐻 −

𝑟𝐶 − 𝑆𝐶 − 𝐼𝑃(26))  

Numerical Illustration 

The following data was used. 

IE = $0.01/$/year, M = 2.199 year, N = 2.19 
year, r = 0.06, 𝛽 = 0.4, CD = $5/unit, C0 = 
$199, A = 10, a = 0.001, Rr = 0.38, α = 102, 
h = $5/unit/year, C = $3/unit, IS = 
$102/$/year, P = 90 units/year, γ = 100 
units/year, 𝜃 = 0.001 

The optimal solutions are- 

t1
* = 1.77799 year, T* = 2.1991, s* = 127.455 

𝑇𝑃6
* = 20820.9 

The Graphical presentation 

 

                                              

Fig. 7 The Concave graph w. r. t. T, t1, and 
𝑻𝑷𝟔 

Case- 7 T ≤ N < M 

In this case payable interest  

𝐼𝑃(27) = 0                                

(31) 

The interest earned  

𝐼𝐸(27) = (𝐴𝑎(𝛼 − 𝛽𝑠))𝑠𝐼𝐸[𝛾 ∫ 𝑡𝑒−𝑟𝑡𝑑𝑡 +
𝑇

0

𝑇 ∫ 𝑒−𝑟𝑡𝑑𝑡] 
𝑁

𝑇
                                                          (32) 

𝐼𝐸(27) = (𝐴𝑎(𝛼 − 𝛽𝑠))𝑠𝐼𝐸[(𝛾 − 1)𝑇2 +

𝑇𝑁]   

       (33) 

Therefore, the total profit 

𝑇𝑃7(𝑠, 𝑡1, 𝑇) =
1

𝑇
(𝑆𝑅 + 𝐼𝐸(27)−𝐶𝑅 − 𝐻 −

𝑟𝐶 − 𝑆𝐶 − 𝐼𝑃(27))  

Numerical Illustration 

The following data was used. 

IE = $0.1/$/year, M = 1.3 year, N = 0.91 
year, r = 0.06, 𝛽 = 1.3, CD = $82/unit, C0 = 
$100, A = 10, a = 0.01, Rr = 5.65, α = 57, h = 
$39.7/unit/year, C = $21/unit, IS = 
$100/$/year, P = 90.1units/year, γ = 90 
units/year, 𝜃 = 0.1 

The optimal solutions are- 

t1
* = 0.00495856 year, T* = 0.900596, s* = 

1.95779 𝑇𝑃7
* = 21139.8 

4. Sensitivity analysis 

Table-1: Sensitivity analysis  

S. 
N
o
. 

Para
meter
s 

Cha
nge
s 

t1 T s TP7 

1.  C0 

 

99 0.004
96606 

0.90
071
9 

1.9
602
9 

211
40.
9 

100 0.004
95856 

0.90
059
6 

1.9
577
9 

211
39.
8 

101 0.004
95105 

0.90
047
4 

1.9
552
8 

211
38.
8 

2.  r 0.05 0.004
95856 

0.90
059
6 

1.9
577
9 

211
38.
8 

0.06 0.004
95856 

0.90
059
6 

1.9
577
9 

211
39.
8 
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0.07 0.004
95856 

0.90
059
6 

1.9
577
9 

211
40.
8 

3.  A 9 0.004
85422 

0.90
059
6 

1.9
580
2 

211
17.
4 

10 0.004
95856 

0.90
059
6 

1.9
577
9 

211
39.
8 

11 0.005
05304 

0.90
059
6 

1.9
575
8 

211
60.
1 

4.  a 0.00
9 

0.004
73067 

0.90
059
6 

1.9
582
9 

210
90.
9 

0.01
0 

0.004
95856 

0.90
059
6 

1.9
577
9 

211
39.
8 

0.02
0 

0.007
26682 

0.90
059
4 

1.9
527
2 

216
34.
9 

5.  CD 81 0.003
58376 

0.88
801
9 

1.9
569
7 

208
80.
7 

82 0.004
95856 

0.90
059
6 

1.9
577
9 

211
39.
8 

83 0.006
33331 

0.91
317
2 

1.9
585
7 

213
98.
9 

6.  Rr 5.64 0.004
72446 

0.89
837
7 

1.9
576
1 

210
94.
1 

5.65 0.004
95856 

0.90
059
6 

1.9
577
9 

211
39.
8 

5.66 0.005
19183 

0.90
281
5 

1.9
579
7 

211
85.
5 

7.  α 56 0.005
20992 

0.91
989
9 

1.9
629
7 

207
49.
5 

57 0.004
95856 

0.90
059
6 

1.9
577
9 

211
39.
8 

58 0.004
70719 

0.88
199
4 

1.9
526
0 

215
30.
2 

8.  N 0.90 0.004
97036 

0.90
070
4 

1.9
577
9 

211
39.
7 

0.91 0.004
95856 

0.90
059
6 

1.9
577
9 

211
39.
8 

0.92 0.004
94675 

0.90
048
8 

1.9
577
8 

211
39.
9 

9.  IS 0.09
9 

0.005
9851 

0.91
042
0 

1.9
782
9 

211
31.
0 

0.10
0 

0.004
95856 

0.90
059
6 

1.9
577
9 

211
39.
9 

0.10
1 

0.003
9527 

0.89
097
9 

1.9
376
9 

211
48.
7 

10.  h 39.6 0.004
71911 

0.90
047
2 

1.9
533
1 

211
42.
3 

39.7 0.004
95856 

0.90
059
6 

1.9
577
9 

211
39.
9 

39.8 0.005
19683 

0.90
072
0 

1.9
622
7 

211
37.
3 

 

The Graphical presentation 

 

Fig. 8 The Concave graph w. r. t. T, s, and 
𝑻𝑷𝟕 
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Table 2 Analysis of the above table 

No. Para
met
ers 

Cha
nges 

𝒕𝟏 T s TP7 

1 C0 

 

     

     

2 

 

r 
 

* * * 
 

                      
* 

            
* 

            
* 

 

3 A 
  

* 
  

  

             
* 

  

4 a 
     

     

5 

 

CD 
     

     

6 Rr 
     

     

7 α 

 

     

     

8 

 

N 
     

     

9 IS 
     

     

10 h 
     

     

 

Note- Here upper arrow shows increment, 
the down arrow shows decrement, and * 
shows no changes. 

5. Discussion 

We studied an EPQ model for deteriorating 
products. There is an impact of inflation 
and partial trade credit policy carried out in 

this work and the impact is also seen in the 
sensitivity analysis. In this model, demand 
depends on selling price and 
advertisement which are highly affected in 
the inflationary environment.  By the graph 
and analysis, we concluded that the profit 
arose for a time with selling price and 
advertisement-dependent demand. We 
calculated the total profit in different cases 
to analyze that in which case we got the 
maximum profit. To analyze this model we 
have calculated sensitive analysis and a 
graphical part showing maximum profit in 
different cases. In the future, this research 
work will extend with different demand 
patterns like in fuzzy environments, stock 
levels, and time-dependent demand. This 
research work fully trades credit policy 
with time-dependent deterioration and 
may give excellent results.   

References 

[1] Akbar, S. A., Cárdenas-Barrón, L. E., Kumar, M. A., & 
Céapedes-Mota, A. (2021). An economic 
production quantity (EPQ) model for a deteriorating 
item with a partial trade credit policy for price-
dependent demand under inflation and 
reliability. Yugoslav Journal of Operations 
Research, 31(2), 139-151. 

[2] Bhawaria, S., & Rathore, H. (2023, June). Economic 
production quantity model for deteriorating items 
with trade-credit policy and preservation 
technology under the effect of inflation. In AIP 
Conference Proceedings (Vol. 2699, No. 1). AIP 
Publishing. 

[3] Shah, N. H., & Naik, M. K. (2019). Coordinated 
production, ordering, shipment, and pricing model 
for supplier-retailer inventory system under trade 
credit. Operations Research and Decisions, 29(2), 
55-76. 

[4] Mahata, P., Mahata, G. C., & De, S. K. (2020). An 
economic order quantity model under two-level 
partial trade credit for time-varying deteriorating 
items. International Journal of Systems Science: 
Operations & Logistics, 7(1), 1-17.   

[5] Bhuniya, S., Pareek, S., & Sarkar, B. (2023). A 
sustainable game strategic supply chain model with 
multi-factor dependent demand and markup under 
revenue sharing contract. Complex & Intelligent 
Systems, 9(2), 2101-2128. 

[6] Jani, M. Y., Patel, H. A., Bhadoriya, A., Chaudhari, U., 
Abbas, M., & Alqahtani, M. S. (2023). Deterioration 



 
 
 

569 

Journal of Harbin Engineering University 

ISSN: 1006-7043 

Vol 46 No. 7 

July 2025 

Control Decision Support System for the Retailer 
during Availability of Trade Credit and 
Shortages. Mathematics, 11(3), 580. 

[7] Mahato, C., Mahato, F., & Mahata, G. C. (2023). Bi-
level trade credit policy underpricing and 
preservation technology in inventory models for 
non-instantaneous deteriorating items under 
carbon tax policy. Sādhanā, 48(3), 103. 

[8] Nigwal, A. R., Khedlekar, U. K., Gupta, N., & Sharma, 
L. (2023). Trade credit financing scheme on 
retailer’s ordering quantity for imperfect quality 
items with learning effects and stocking 
strategies. Reliability: Theory & Applications, 18(2 
(73)), 267-285. 

[9] Sharma, S., Chauhan, A., & Pant, M. (2023, 
September). Impact of carbon emission in three-
layer sustainable manufacturing/remanufacturing 
model with trade credit. In AIP Conference 
Proceedings (Vol. 2735, No. 1). AIP Publishing. 

[10] Singh, S. R., & Rana, K. (2023). A sustainable 
production inventory model for growing items with 
trade credit policy under partial 
backlogging. International Journal of Advanced 
Operations Management, 15(1), 64-81. 

[11] Choudhury, M., & Mahata, G. C. (2020). Non-
instantaneous deteriorating items inventory 
models with fixed lifetime products under hybrid 
partial prepayment and trade credit in the supply 
chain. Journal of Industrial and Management 
Optimization, 20(1), 221-259. 

[12] Alamri, O. A. (2023). Sustainable Supply Chain 
Model for Defective Growing Items (Fishery) with 
Trade Credit Policy and Fuzzy Learning 
Effect. Axioms, 12(5), 436. 

[13] Alamri, O. A., Jayaswal, M. K., & Mittal, M. (2023). A 
Supply Chain Model with Learning Effect and Credit 
Financing Policy for Imperfect Quality Items under 
Fuzzy Environment. Axioms, 12(3), 260. 

[14] Chandramohan, J. (2023). A multi-objective 
economic production quantity model for 
deteriorating items with the impact of the 
pandemic, and social and environmental 
concerns. Journal of Industrial and Production 
Engineering, 40(5), 375-396. 

[15] Deb, S. C., & Islam, S. (2023). Application of 
Neutrosophic Interval-valued Goal Programming to 
a Supply Chain Inventory Model for Deteriorating 
Items with Time-Dependent 
Demand. Neutrosophic Sets and Systems, 53(1), 35. 

[16] Ezimadu, P. E., & Ezimadu, S. O. (2023). A 
Stackelberg game-theoretic retailer-manufacturer 
credit period ratio model in a supply 
channel. Science World Journal, 18(1), 48-54. 

[17] Yang, H. L. (2023). An Optimal Replenishment Cycle 
and Order Quantity Inventory Model for 

Deteriorating Items with Fluctuating 
Demand. Supply Chain Analytics, 100021. 
  


