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We develop a new coordination contract of manufacturer-retailer in a distribution system. A 

revenue sharing contract based on retail price is modelled, which is more practical to handle 

channel conflict. We also integrate two concepts of CSR (Corporate Sociality Responsible) and 

Semi-TDPD (Semi Third Degree Price Discrimination) into our model. Semi-TDPD strategy 

makes it possible to exploit the opportunity of customer behavior, by adopting a price 

discrimination strategy. According to this strategy, some customers who cannot or are not willing 

to pay the posted price, are allowed to purchase at lower prices through bargaining. To illustrate 

the proposed approach, we present some numerical examples. Through these examples, we 

investigate the impact of CSR and Semi-TDPD on decisions and also the good performance of this 

coordination. 
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1. Introduction 

 

A coordination contract improves supply chain performance by reducing the possible conflicts 

which may arise. Furthermore, self-interested objectives of channel members leads to suboptimal 

solutions. Although centralized systems provide higher profits as compared to decentralized decision 

systems, it hardly can be practical for many real world cases.  Therefore, to improve the performance 

of decentralized systems an appropriate coordination contract need to be developed. Revenue sharing 

is a popular mechanism of coordination strategy. In recent years, some new concepts such as CSR 

(Corporate Sociality Responsible), TDPD (Third Degree Price Discrimination) have enriched supply 

chains in practice, although they have increased the complexity of the coordination modeling. Here, 

a new type of revenue sharing coordination is developed that provides the possibility of bargaining 

option and considers CSR and Semi-TDPD concepts. 

 

Broadly speaking, CSR can be defined as a doctrine that promotes an expanded social stewardship 

by companies and business organizations. CSR (Corporate Sociality Responsible) suggests that 

corporations embrace responsibilities toward a broader group of stakeholders (customers, employees 

and the community at large) in addition to their customary financial obligations to stakeholder [1]. 

Many brands face intense pressure for socially responsible supply chain management [2], while a 
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commonly noted response to this pressure is to introduce a code of conduct to be socially responsible 

[3].  

 

Although it is widely observed that practicing CSR is mainly the responsibility of manufacturer 

[2], all members of the channel may also involve in it. Thus, it is assumed that both the manufacturer 

and the retailer invest in CSR and align their goals with channel performance. It is obvious that when 

a firm practices CSR, its stakeholder’s welfare increase, and customers pay a higher price for the 

product. From a recent survey, 74% of the top 100 U.S. companies (from the point of revenue) have 

published CSR reports in 2008. This has increased from 37% in 2005. Globally, 80% of the world’s 

250 largest companies have issued CSR reports in 2008 [4].  

 

Semi-TDPD is a portion of “Third degree price discrimination”. Let p be the price of a product. 

Then, only the customer whose reservation price is higher than p buys it. However, to increase the 

revenue the product can be sold to some customers at a lower price, according to their “willing to 

pay”. Adopting this type of a price discrimination strategy is an important tool in competition. This 

strategy is also called “Third degree price discrimination”. It is assumed that manufacturers gain a 

portion of “Third degree price discrimination” revenue as Semi-TDPD. 

 

The rest of this paper organized as follows. Section 2 surveys the related literature. In Section 3, 

we state the problem and assumptions including CSR and Semi-TDPD relations. A mathematical 

model is also developed to study the new revenue sharing approach. To illustrate the proposed method 

and the results of the model, some numerical examples are presented in Section 4. Finally, Section 5 

provides the conclusions and presents some topics for future research. 

 

2. Survey of Literature 
 

There exists a rich literature on supply chain coordination specially upon collaboration and 

integration in SCM due to the increasing emphasis on efficient SC [5]. Arshinder et al. [6] and 

Hezarkhani et al. [7] presented several strategies on SCM coordination to enrich the SCM 

performances such as setting contract, utilizing information technology, information sharing and joint 

decision making. In the contract setting strategy, popular contracts are franchising operation, two-

part tariff [8], price or quantity discounting [9], [10], [11], as well as  revenue (profit) sharing [12], 

[13], [14]. See also the review papers on supply chain coordination with various perspectives that 

have been prepared by Taylor [15], Cachon [16] and Hezarkhani and Kubiak [7].   

 

Revenue sharing contract is one of the most popular coordination approaches. Wang [13], Chen 

et al. [17] and Giannoccaro and Pontrandolfo [18] investigated the case of revenue sharing contract 

when one partner (retailer or manufacturer) gives a portion of his revenue to other partner. Hou et al. 

[19] implemented the revenue sharing contract on manufacturer-retail chain by considering the 

retailer’s profit. Giannoccaro and Pontrandolfo [18] proposed a model of revenue sharing 

coordination on a three echelon SC. Koulamas [20] presented a new type of revenue sharing contract 

and compared it with a traditional ordering environment. Revenue sharing contract can be combined 

with other types of coordination contracts such as the one given in [21]. A revenue sharing contract 

on video rental industry was developed by Dana Jr. and Spier in [22]. 

 

Corporate social responsibility (CSR) is increasingly becoming a popular business concept in 

developed economies [2]. Fernández‐Kranz et al. [24] and Kitzmueller et al. [25] illustrated 

stakeholders and shareholders pressurized the business goals to look the human, social and 

environmental issues. Ageron et al.’s study [23] showed that customers were willing to pay higher 
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prices for products with CSR attributes. Burke and Logsdon [24] examined social responsibility 

which created strategic benefits for firms. Murphy et al. [25] mentioned that some companies 

accepted the concept of CSR because of the economic benefit. Ni and Li [26] presented a game-

theoretic analysis of SC to obtain equilibriums for both simultaneous-move and sequential-move of 

CSR games. Modak [27] analyzed the coordination of a manufacturer–distributer–retailer supply 

chain, while the manufacturer utilized corporate social responsibility (CSR). Panda [4] also applied a 

revenue sharing contract on manufacturer-retailer chain by considering CSR of manufacturer and 

retailer.  

 

A large body of literature on the study of price discrimination shows the importance of this matter. 

A macroeconomic model of international price discrimination for a two-country model was illustrated 

by Corsetti and Dedola [28]. Stole [29] presented a survey of price discrimination theory as it applied 

to imperfectly competitive markets. Bergemann [30] showed customer segmentation and third degree 

discrimination pricing made more profit against option without these feature. 

 

What makes this paper different from the other ones in the literature are: 

 

- In the existence revenue sharing contract, one partner (manufacturer or retailer) pays a portion 

of his revenue to the other one in order to motivate him for more coordinating at the end of 

an agreed period, while here revenue sharing is accomplished at the sale point in each sell. 

After selling, retailer cashes his portion of the commodity/service price and pays the 

remaining price to the manufacturer. This revenue sharing contract enforces the retailer’s 

position in sale situation by sharing the risk of discount between partners.  

 

-  New type of revenue sharing contract authorizes the retailer to bargaining with customer 

respect to his/her WTP (willing to pay). Semi-TDPD strategy makes it possible to exploit the 

opportunity of customer behavior, by adopting a price discrimination strategy. According to 

this strategy, some customers who cannot or are not willing to pay the posted price, are 

allowed to purchase at lower prices through bargaining. 

 

- The literature has utilized CSR (Corporate sociality responsibility) in a basic model of SCM, 

while here it is applied in an integrated model of revenue sharing coordination mechanism 

with price discrimination and SCM benefits of its advantage. 

 

3. Problem Statement 
 

We consider that a manufacturer distributes his single product through a retailer channel. The 

manufacturer determines the wholesale price 𝑊 and the retailer optimizes the retailer price 𝑝 

accordingly. The demand function is expressed as 𝐷(𝑝) = 𝑎0 − 𝑏𝑝, as utilized by several researchers 

[31–33]. 

 

Here, we coordinate the mentioned distribution system by developing a new type of revenue 

sharing mechanism that accomplishes at sale point by adopting CSR and Semi-TDPD concepts. 

Therefore, first we present centralized and decentralized systems and then a proposed revenue sharing 

model. To evaluate the performance of the proposed revenue sharing model, these three scenarios are 

compared. 

  

 [
 D

O
I:

 1
0.

29
25

2/
io

rs
.7

.1
.3

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 io

rs
.ir

 o
n 

20
24

-0
3-

13
 ]

 

                             3 / 13

http://dx.doi.org/10.29252/iors.7.1.30
http://iors.ir/journal/article-1-501-en.html


The Impact of CSR and Semi-TDPD on Price-Based Revenue Sharing Contract 33 

 

Notations: 

𝑊 : Wholesale price  

𝑝 : Retail price 

𝑐 : Finished cost of manufacturing 

ℎ : Handling cost (including multiple logistics and storage cost) 

𝑎0: The base level of demand, i.e., potential demand if the goods are sold at the lowest possible 

price 

𝑏: Coefficient of price elasticity  

θ : Coefficient of CSR 

θ1 : Retailer’s coefficient of CSR 

θ2 : Manufacturer’s coefficient of CSR 

𝛾 : Coefficient of Semi-TDPD 

𝜓 : Price-transferring coefficient in the proposed revenue sharing contract 

𝜋𝑟
D : Retailer’s profit in the decentralized system  

𝜋𝑚
D   Manufacturer’s profit in the decentralized system 

𝜋𝑟
RS: Retailer’s profit in the proposed revenue sharing contract 

𝜋𝑚
RS: Manufacturer’s profit in the proposed revenue sharing contract 

𝜋𝐶: Total profit in the centralized system 

 

CSR (Corporate Sociality Responsible): CSR is modeled by utilizing a consumer surplus 

concept [4, 27, 34]. To determine the consumer surplus, it is necessary to use the concept of 

“reservation price”, which is the highest price a customer is willing to pay for the product. It is also 

called “willing to pay” of customers. In other words, if the posted price of a product is 𝑝, then only 

the customers whose reservation price is higher than 𝑝 buy the product. The difference between the 

“reservation price” of a customer and the posted retail price, 𝑝, is called the surplus of the customer. 

Thus, the total customer surplus is 

 

𝐶𝑜𝑠𝑡𝑢𝑚𝑒𝑟 𝑆𝑢𝑟𝑝𝑙𝑢𝑠 = ∫ (𝑎0 − 𝑏𝑦)

𝑎0
𝑏

𝑎0−𝑝
𝑏

𝑑𝑦 = ∫ 𝑏
𝑃𝑀𝑎𝑥

𝑝

(𝑥 − 𝑝) 𝑑𝑥,  

 

where 𝑃𝑀𝑎𝑥 =
𝑎0

𝑏
. CSR can be a fraction of customer surplus, depending on each firm’s policy, as 

follows: 

 

𝐶𝑜𝑠𝑡𝑢𝑚𝑒𝑟 𝑆𝑢𝑟𝑝𝑙𝑢𝑠 = ∫ (𝑎0 − 𝑏𝑦)

𝑎0
𝑏

𝑎0−𝑝
𝑏

𝑑𝑦 = ∫ 𝑏
𝑃𝑀𝑎𝑥

𝑝

(𝑥 − 𝑝) 𝑑𝑥, (1) 

 

where θ ∈ [0, 1] is called the “coefficient of CSR”. If θ = 1, then it implies that the manufacturer 

maximizes the welfare of his stakeholders, while θ = 0 results in the optimization of the 

manufacturer’s pure profit.  

 

Semi-TDPD (Semi Third Degree Price Discrimination): If Semi-TDPD is applied, then the 

manufacturer can consider a discount for the customers whose reservation price is less the posted 

price in order to enhance the income. A product can be sold based on these customer’s “willing to 

pay” as long as the price is within an acceptable range, i.e., 𝑝 ∈ [𝑐, 𝑝]. The contribution of the Semi-

TDPD on total revenue is 

 

 [
 D

O
I:

 1
0.

29
25

2/
io

rs
.7

.1
.3

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 io

rs
.ir

 o
n 

20
24

-0
3-

13
 ]

 

                             4 / 13

http://dx.doi.org/10.29252/iors.7.1.30
http://iors.ir/journal/article-1-501-en.html


34 Shafiei and Modarres 

 

∫ 𝑏
𝑝

𝑐

(𝑥 − 𝑐) 𝑑𝑥,  

 

since it is supposed that the manufacturer gains a partial of this revenue. The obtained revenue of 

Semi-TDPD strategy is 𝛾 ∫ 𝑏
𝑝

𝑃𝑀𝑖𝑛
(𝑥 − 𝑐) 𝑑𝑥, where 𝛾 ∈ [0, 1] is called the “coefficient of Semi-

TDPD”. 

 

4. Models 

 

To investigate the impact of the proposed revenue sharing on a decentralized distribution system, 

three scenarios are presented and compared. 

 

4.1. Centralized System 

 

Since efficiency is achieved when a distribution system is operated centrally, we propose it here 

in order to evaluate our proposed revenue sharing contract model with CSR and Semi-TDPD 

practices. The profit function of the channel is  

 

𝜋𝐶 = (𝑝 − 𝑐) ∫ 𝑏
𝑃𝑀𝑎𝑥

𝑝

𝑑𝑥 + 𝛾 ∫ 𝑏
𝑝

𝑃𝑀𝑖𝑛=𝐶

(𝑥 − 𝑐) 𝑑𝑥 + θ ∫ 𝑏
𝑃𝑀𝑎𝑥

𝑝

(𝑥 − 𝑝) 𝑑𝑥. (2) 

 

Since 
𝜕𝜋𝐶

𝜕𝑝
= 0 and 

𝜕2𝜋𝐶

𝜕𝑝2 < 0, the optimal price is achieved as 

 

𝑝 =
𝑃𝑀𝑎𝑥(1 − 𝜃) + 𝑐(1 − 𝛾)

2 − 𝛾 − 𝜃
. (3) 

  

4.2. Decentralized System with no Coordination 

 
It is presumed that manufacturer and retailer adopt the CSR strategy with θ1 and θ2 as CSR’s 

coefficient, respectively. Therefore, the total profit for them are achieved as follows: 

 

𝜋𝑟
D = (𝑝 − 𝑊) ∫ 𝑏

𝑃𝑀𝑎𝑥

𝑝

𝑑𝑥 + 𝛾 ∫ 𝑏
𝑝

𝑃𝑀𝑖𝑛=𝑊

(𝑥 − 𝑊) 𝑑𝑥 + θ1 ∫ 𝑏
𝑃𝑀𝑎𝑥

𝑝

(𝑥 − 𝑝) 𝑑𝑥, (4) 

 

𝜋𝑚
D = (𝑊 − 𝑐) ∫ 𝑏

𝑃𝑀𝑎𝑥

𝑝

𝑑𝑥 + 𝛾 ∫ 𝑏
𝑝

𝑃𝑀𝑖𝑛=𝑊

(𝑊 − 𝑐) 𝑑𝑥 + θ2 ∫ 𝑏
𝑃𝑀𝑎𝑥

𝑝

(𝑥 − 𝑝) 𝑑𝑥, (5) 
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where 𝜋𝑟
D and 𝜋𝑚

D   are the profit of retailer and manufacturer, respectively and 𝑃𝑀𝑖𝑛 = 𝑊  and 𝑃𝑀𝑎𝑥 =
𝑎0

𝑏
 . In both (2) and (3) the first term represents the pure profit, while the second and third terms 

represent the contribution of CSR and Semi-TDPD, respectively.  

 

Proposition 1. The optimal retail and wholesale prices are 

 

𝑝 =
𝑃𝑀𝑎𝑥(1 − 𝜃1) + 𝑊(1 − 𝛾)

2 − 𝛾 − 𝜃1
 (6) 

 

and 

 

𝑊 =
1

2
(1 +

𝜃2

𝜃2 + 4 − 2𝛾 − 2𝜃1
) 𝑃𝑀𝑎𝑥 +

𝑐(2 − 𝛾 − 𝜃1)

𝜃2 + 4 − 2𝛾 − 2𝜃1

−
𝛾(𝑃𝑀𝑎𝑥 − 𝑃𝑀𝑖𝑛)(2 − 𝛾 − 𝜃1)2

(𝛾 − 1)2(𝜃2 + 4 − 2𝛾 − 2𝜃1)
. 

(7) 

 

Proof. In this contract, the decision-making mechanism of manufacturer and retailer is formulated 

through a Stackelberg game model. The manufacturer as leader sets the wholesale price (𝜔) to 

optimize his profit. Then, the retailer as follower determines the retail price to maximize his profit. 

Equations (4) and (5) can be rewritten as follows: 

 

𝜋𝑟
D = 𝑏 (𝛾 (

𝑝2

2
− 𝑊𝑝) + 𝛾 (

𝑊2

2
) + (𝑝 − 𝑊)𝑃𝑀𝑎𝑥 − (𝑝 − 𝑊)𝑝 + 𝜃1 (

𝑃𝑀𝑎𝑥
2

2
− 𝑝𝑃𝑀𝑎𝑥) − 𝜃1 (

𝑝2

2
)), 

𝜋𝑚
D = 𝑏 ((𝛾 − 1)(𝑊 − 𝑐)𝑝 − 𝛾(𝑊 − 𝑐)𝑊 + (𝑊 − 𝑐)𝑃𝑀𝑎𝑥 + 𝜃2 (

𝑃𝑀𝑎𝑥
2

2
− 𝑝𝑃𝑀𝑎𝑥) − 𝜃2 (

𝑝2

2
− 𝑝2)). 

 

The retailer profit function (4) is concave with respect to retailer price, since 
𝜕2𝜋𝑟

𝐷

𝜕𝒑𝟐 < 0. Then, the 

optimal retail price 𝑝  is determined by setting 
𝜕𝜋𝑟

D

𝜕𝑝
 equal to zero. By substituting 𝑝 in (5) and also 

setting 
𝜕𝜋𝑚

D

𝜕𝑊
 equal to zero, the wholesale price (w) is obtained.∎ 

 

Proposition 2. The manufacturer and retailer profit functions are increasing function of both CSR 

and Semi-TDPD coefficients. Moreover, product price is an increasing function of the Semi-TDPD 

coefficient but a decreasing function of the CSR coefficient 

 

Proof. The following equations provide the proof: 

 

 
𝜕𝜋𝑟

D

𝜕θ1
≥ 0,

𝜕𝜋𝑚
D

𝜕θ1
≥ 0,

𝜕𝜋𝑟
D

𝜕𝛾
≥ 0 𝑎𝑛𝑑 

𝜕𝜋𝑚
D

𝜕𝛾
≥ 0,  

 
𝜕𝑝

𝜕𝜃1
≤ 0,

𝜕𝑝

𝜕𝛾
≥ 0. 
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4.3. Proposed Revenue Sharing Contract  

  

In this section, an enhanced revenue sharing contract is presented which is more practical as 

compared to other revenue sharing contracts. In this contract the retailer sets the retail price (𝑝) and 

the manufacturer adjusts the wholesale price accordingly. Following this approach, the retailer gives 

a specified percentage of the retail price (𝜓𝑝) to the manufacturer for each sale. This feature 

empowers the retailer to set the price based on the market situation and customer’s WTP (willing to 

pay), where 𝜓 is called the price-transferring coefficient. 

 

According to this contract, the act of revenue sharing is done at each sale. Therefore, it does not 

need a lot of efforts and accounting transactions to share. Since the retailer has authority on the third 

discriminate price, he can give a discount to some customers whose reservation price is less than the 

posted price of (𝑝). In this contract, the profit functions of manufacturer and retailer are 

 

𝜋𝑟
RS = (𝑝 − 𝜓𝑝) ∫ 𝑏

𝑃𝑀𝑎𝑥

𝑝

𝑑𝑥 + ∫ 𝑏
𝑝

𝑐
𝜓

(𝑥 − 𝜓𝑥) 𝑑𝑥 + θ1 ∫ 𝑏
𝑃𝑀𝑎𝑥

𝑝

(𝑥 − 𝑝) 𝑑𝑥, (8) 

 

𝜋𝑚
RS = (𝜓𝑝 − 𝑐) ∫ 𝑏

𝑃𝑀𝑎𝑥

𝑝

𝑑𝑥 + ∫ 𝑏
𝑝

𝑐
𝜓

(𝜓𝑥 − 𝑐) 𝑑𝑥 + θ2 ∫ 𝑏
𝑃𝑀𝑎𝑥

𝑝

(𝑥 − 𝑝) 𝑑𝑥, (9) 

 

where 𝑃𝑀𝑖𝑛 =
𝑐

𝜓
  and 𝑃𝑀𝑎𝑥 =

𝑎0

𝑏
 . 

 

Proposition 3. If the price-transferring coefficient (𝜓) is selected within the specified range of 𝜓 ∈

[ 𝜓3; 𝜓4], then the retail price is also within an acceptable range, i.e., 𝑃𝑚𝑖𝑛 =
𝑐

𝜓
≤ 𝑝 ≤ 𝑃𝑚𝑎𝑥 , where  

 

𝜓3 =
(𝑐(𝛾 − 2) − (1 − 𝜃1)𝑃𝑀𝑎𝑥) − (((1 − 𝜃1)𝑃𝑚𝑎𝑥 − 𝑐(𝛾 − 2))

2
− 4𝑐(2 − 𝛾 − 𝜃1)𝑃𝑚𝑎𝑥)

0.5

2𝑃𝑚𝑎𝑥
, 

𝜓4 =
(𝑐(𝛾 − 2) − (1 − 𝜃1)𝑃𝑀𝑎𝑥) + (((1 − 𝜃1)𝑃𝑚𝑎𝑥 − 𝑐(𝛾 − 2))

2
− 4𝑐(2 − 𝛾 − 𝜃1)𝑃𝑚𝑎𝑥)

0.5

2𝑃𝑚𝑎𝑥
. 

 

Proof. From (8): 

 

𝜋𝑟
RS = 𝑏 (𝛾(1 − 𝜓) (

𝑝2

2
) −

𝛾(1 − 𝜓)

2
(

𝑐

𝜓
)

2

+ 𝑝(1 − 𝜓)𝑃𝑀𝑎𝑥 − 𝑝2(1 − 𝜓)

+ 𝜃1 (
𝑃𝑀𝑎𝑥

2

2
− 𝑝𝑃𝑀𝑎𝑥) + 𝜃1

𝑝2

2
). 

 

Since 𝜋𝑟
RS is a concave function with respect to 𝑝, then the optimal price 𝑝∗ is derived from

𝜕𝜋𝑟
RS

𝜕𝑝
= 0: 

 

𝑝∗ = −
(1 − 𝜓 − 𝜃1)

((𝛾 − 2)(1 − 𝜓) + 𝜃1)
𝑃𝑀𝑎𝑥. (10) 
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 It is shown that 𝑝∗ ≤ 𝑃𝑚𝑎𝑥, if the following relation which is extracted from (10) holds: 

 

0 ≤
(𝛾 − 1)(1 − 𝜓)

(−𝜓(𝛾 − 2) + (𝛾 − 2) + 𝜃1)
. 

 

Since −𝜓(𝛾 − 2) + (𝛾 − 2) + 𝜃1 ≥ 0, if 0 ≤ 𝜓 ≤ 𝜓1 =
(𝛾−2)+𝜃1

(𝛾−2)
= 1 +

𝜃1

(𝛾−2)
 and (𝛾 − 1)(1 −

𝜓) ≥ 0 if 0 ≤ 𝜓 ≤ 𝜓2 = 1, then  𝑝 ≤ 𝑃𝑚𝑎𝑥, if 𝜓𝜖[0; 𝜓1]. 
 

 It is shown that 𝑃𝑚𝑖𝑛 =
𝑐

𝜓
≤ 𝑝∗, if the following relation holds: 

 

0 ≤
𝑃𝑀𝑎𝑥𝜓2 + (𝑐(𝛾 − 2) − (1 − 𝜃1)𝑃𝑀𝑎𝑥)𝜓 + 𝑐(2 − 𝛾 − 𝜃1)

(−𝜓(𝛾 − 2) + 𝛾 − 2 + 𝜃1)𝜓
. (11) 

 

Numerator of (11) has two roots, called 𝜓3 and 𝜓4, as follows: 

 

𝜓3 =
(𝑐(𝛾 − 2) − (1 − 𝜃1)𝑃𝑀𝑎𝑥) − (((1 − 𝜃1)𝑃𝑚𝑎𝑥 − 𝑐(𝛾 − 2))

2
− 4𝑐(2 − 𝛾 − 𝜃1)𝑃𝑚𝑎𝑥)

0.5

2𝑃𝑚𝑎𝑥
, 

𝜓4 =
(𝑐(𝛾 − 2) − (1 − 𝜃1)𝑃𝑀𝑎𝑥) + (((1 − 𝜃1)𝑃𝑚𝑎𝑥 − 𝑐(𝛾 − 2))

2
− 4𝑐(2 − 𝛾 − 𝜃1)𝑃𝑚𝑎𝑥)

0.5

2𝑃𝑚𝑎𝑥
. 

 

Also, 𝜓1 and 𝜓5 are roots of the denominator of (11) 

 

𝜓1 =
(𝛾 − 2) + 𝜃1

(𝛾 − 2)
= 1 +

𝜃1

(𝛾 − 2)
 𝑎𝑛𝑑  𝜓5 = 0 

 

Using the property of second order equations, 𝜓3 ∗ 𝜓4 =
𝑐(2−𝛾−𝜃1)

𝑃𝑀𝑎𝑥
> 0 and 𝜓3 + 𝜓4 =

−
𝑐(𝛾−2)−(1−𝜃1)𝑃𝑀𝑎𝑥

𝑃𝑀𝑎𝑥
= 1 − 𝜃1 −

𝑐(𝛾−2)

𝑃𝑀𝑎𝑥
. Since 𝜓3 ∗ 𝜓4 > 0, we have 0 < 𝜓3 < 𝜓4. Also, 𝜓3 +

𝜓4 ≤ 𝜓1 and 0 < 𝜓3 < 𝜓4 < 𝜓1. 

 

The numerator of (11) is negative, if 𝜓𝜖[𝜓3, 𝜓4] and the denominator of (11) is negative, if 𝜓𝜖[𝜓5 =
0, 𝜓1]. Therefore, (11) holds, if 𝜓3 ≤ 𝜓 ≤ 𝜓4. ∎ 

 

Proposition 4. Let 𝜓 ∈ {�̅� ∩ [ 𝜓3; 𝜓4]}, where �̅� is the set of all price-transferring coefficients 𝜓, 

which can satisfy the following relation. Then, both the retailer and the manufacturer gain more, by 

adopting our proposed revenue sharing in comparison with not adopting it: 

 

𝑃𝑀𝑎𝑥
2 (

𝛾

2
− 1) 𝜓2(1 − 𝜓 − 𝜃1)2 + 𝑃𝑀𝑎𝑥

2
θ2

2
𝜓(1 − 𝜓 − 𝜃1)2

+ 𝑃𝑀𝑎𝑥𝐺2𝜓((𝛾 − 2)(1 − 𝜓) + 𝜃1)(1 − 𝜓 − 𝜃1)

+ 𝐺1((𝛾 − 2)(1 − 𝜓) + 𝜃1)
2

+ G0((𝛾 − 2)(1 − 𝜓) + 𝜃1)
2
𝜓 ≥ 0. 

(12) 

 

Proof. 

Retailer prefer this contract, if 𝜋𝑟
𝐷∗ ≤ 𝜋𝑟

𝑅𝑆. 
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If 𝜓𝑝 ≤ 𝑊, then the retailer gains more profit in the proposed revenue sharing contract as opposed 

to the decentralized model, if 𝜋𝑟
𝐷 ≤ 𝜋𝑟

𝑅𝑆. By proposition 3,  

 

𝜓
−(1 − 𝜓 − 𝜃1)

((𝛾 − 2)(1 − 𝜓) + 𝜃1)
≤ 𝑊 

0 ≤
−𝜓2 + 𝜓(1 − 𝜃1 + 𝑊(2 − 𝛾)) + 𝑊(𝛾 − 2 + 𝜃1)

((𝛾 − 2)(1 − 𝜓) + 𝜃1)
. 

 

Let  𝜓6 and 𝜓7 be the roots of the numerator, 
𝑊(𝛾−2+𝜃1)

−1
> 0 that results in 𝜓6 ∗ 𝜓7 > 0, and 

𝜓(1−𝜃1+𝑊(2−𝛾))

−1
< 0  gives  𝜓6 + 𝜓7 < 0. Therefore, it is concluded that 𝜓6 ≤ 0 and 𝜓7 ≤ 0. 

Moreover, the root of the denominator is 𝜓1 = 1 +
𝜃1

(𝛾−2)
. Based on  𝜓6 ≤ 0, 𝜓7 ≤ 0 and 𝜓1 ≥ 0, it 

is obvious that 0 ≤ 𝜓 ≤ 𝜓1 satisfies 𝜓𝑝 ≤ 𝑊. From Proposition 3, 0 < 𝜓3 < 𝜓4 < 𝜓1, and also 

if 𝜓𝜖[𝜓3, 𝜓4], then an optimal price stands in an acceptable range and the retailer prefers the proposed 

model to the decentralized model.   

 

 Manufacturer prefers the proposed model, if 𝜋𝑚
RS ≥ 𝜋𝑚

D∗:  
From (9): 

𝜋𝑚
RS = b (𝑝2 (𝜓 (

𝛾

2
− 1) +

θ2

2
) + 𝑝(−θ2𝑃𝑀𝑎𝑥 + c) + 𝜓𝑃𝑀𝑎𝑥

2 −
𝛾

𝜓
(−

𝑐2

2
) − c𝑃𝑀𝑎𝑥 + θ2 (

𝑃𝑀𝑎𝑥
2

2
)). 

 

After abstracting, 𝜋𝑚
RS ≥ 𝜋𝑚

D∗, 

 

𝑝2𝜓2 (
𝛾

2
− 1) + 𝑝2𝜓

θ2

2
+ 𝑝𝜓𝐺2 + 𝜓2𝐺1 + 𝜓G0 + 𝐺3 > 0, 

 

where  

 

𝐺0 = −c𝑃𝑀𝑎𝑥 + θ2 (
𝑃𝑀𝑎𝑥

2

2
) −

𝜋𝑚
D∗

𝑏
 , 𝐺1 = 𝑃𝑀𝑎𝑥

2  ,  𝐺2 = −θ2𝑃𝑀𝑎𝑥 + c ,  𝐺3 =
1

2
𝛾c2. 

 

By substituting the optimal price from (10): 

 

𝑃𝑀𝑎𝑥
2 (

𝛾

2
− 1) 𝜓2(1 − 𝜓 − 𝜃1)2 + 𝑃𝑀𝑎𝑥

2
θ2

2
𝜓(1 − 𝜓 − 𝜃1)2

+ 𝑃𝑀𝑎𝑥𝐺2𝜓((𝛾 − 2)(1 − 𝜓) + 𝜃1)(1 − 𝜓 − 𝜃1) + 𝐺1((𝛾 − 2)(1 − 𝜓) + 𝜃1)
2

+ G0((𝛾 − 2)(1 − 𝜓) + 𝜃1)
2
𝜓 ≥ 0. 

 

If  𝜓 ∈ �̅� , then the manufacturer prefers the proposed model versus decentralized model 

since 𝜋𝑚
RS ≥ 𝜋𝑚

D∗. 

 

Therefore, 𝜓 ∈ [ 𝜓3; 𝜓4] and 𝜓 ∈ �̅� result in 𝜋𝑟
𝐷 ≤ 𝜋𝑟

𝑅𝑆 and 𝜋𝑚
RS ≥ 𝜋𝑚

D∗, i.e., the proposed revenue 

sharing is preferred by the two partners of the distribution system. ∎ 
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5. Numerical Example 

 

In this section, we present a numerical example to illustrate the theoretical results and compare 

the different scenarios, Centralized System (CS), Decentralized System (DS) and the proposed 

Revenue Sharing (ARS). The data for this numerical example is presented in Table 1. 

 

Table 1. Data for numerical example. 

𝛼0 = 30000 𝑏 = 10 𝐶 = 30 𝛾 = 0.4 

𝜃 = 0.6 𝜃1 = 0.3 𝜃2 = 0.3  

 

 
Figure 1. Impact of 𝜓 on profit function in different scenarios 

 

In Fig. 1, the profit of different scenarios of  Centralized System (CS), Decentralized System (DS) 

and  Revenue Sharing (ARS) with respect to price-transferring coefficients in revenue sharing (ψ) is 

illustrated. As expected, the centralized model is dominant over the other scenarios and the total profit 

of revenue sharing dominates the decentralized system. The profit of retailer in revenue sharing model 

is also higher than the profit in the decentralized system. However, the profit of the manufacturer in 

the revenue sharing model is higher than the profit in the decentralized system, if 𝜓𝜖[0.4701 , 0.679], 
since form Proposition 3 each 𝜓 is acceptable, if 𝜓𝜖{(𝜓3 , 𝜓4)} = [0.0186 , 0.6974] and from 

Proposition 4, with  �̅� = {[0.4701 , 0.679]&[0.9856,1]}, 𝜓 ∈ {�̅� ∩ [ 𝜓3; 𝜓4]} = [0.4701 , 0.679]. 
 

Fig. 2-(a) shows that by increasing price-transferring coefficients in revenue sharing (ψ), the 

optimal price decreases and it is lower than the one in the decentralized system.  

 

In Fig. 2-(b) and Fig. 3, we perform sensitivity analysis on the Semi-TDPD coefficient (𝛾) within 

the range of [0.00 - 1.00] and with 𝜓 = 0.65. 
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Figure 2. Impact of ψ and 𝛾 on price in different scenarios 

 

 
Figure 3. Impact of 𝛾 on profits in different scenarios 

 

6. Conclusion 

 

We studied the coordination of manufacturer–retailer chain considering CSR (Corporate Sociality 

Responsible) and Semi-TDPD (Semi Third Degree Price Discrimination) by developing a new 

revenue sharing contract. This contract was based on the retail price. We determined the optimal price 

and profit functions of both the manufacturer and the retailer for different scenarios. The good 

performance of the new revenue sharing contract was shown if the optimal range of sharing was 

considered. 

 

This research had a number of managerial implications in areas, where the manufacturer or retailer 

can provide different prices for different customers, to enhance the total revenue. This enhanced 

revenue sharing contract gives this feature to the retailer in order to exploit different prices for 

different customers. 

 

Our work can be extended in several ways. First, it can be extended by adding new channels, such 

as network marketing or internet channel. Second, a new class of problems can be considered using 
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a stochastic demand. Finally, the concepts of coordination mechanism can be applied to the model 

and the results can be compared. 
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