A Profit Allocation Strategy of a Refurbishing Model with Fairness Concerns Based on Shapley Value
Thabitha Oktavianasta Pakpahan a) and Nughthoh Arfawi Kurdhi b)
Author Affiliations 
1Department of Mathematics, Faculty of Mathematics and Natural Sciences, Universitas Sebelas Maret 

Author Emails
a) Corresponding author: thabitha3225@student.uns.ac.id
b) arfa@mipa.uns.ac.id

Abstract. This paper takes into account a refurbishing model where an original equipment manufacturer (OEM) authorizes a retailer and a third-party to sell and refurbish his products, respectively. We study the optimal (equilibrium) decisions and profits for cooperative and non-cooperative games. We focus on how to optimally share maximum profit in a cooperation model. We use an allocation strategy—the Shapley value—to coordinate this refurbishing system. We apply the Shapley value approach. This strategy is an efficient and easily integrated way that enables decision makers to reassess using various coalition forms and marginal contributions from various parties, according to the cooperative game theory framework. This strategy clearly shows tremendous advantages for managing multi-party supply chains with a variety of different coalition forms, especially for generating win-win outcomes and optimum system performance. The market is divided into two segments: high-end and low-end. The high-end customers are willing to purchase new products, whereas the low-end customers purchase only refurbished products at lower prices. In this study, we suggest a construct where firm choice is guided by estimating the fraction of customers that switch for a given price difference. Our model does not rely on a willingness to pay (WTP) and is therefore able to accommodate such complex and realistic consumer behaviour. We derive some interesting insights. The models provide the optimal solutions, and a numerical example is presented for illustrative purposes.
INTRODUCTION
Refurbishing has received a lot of interest since it provides exciting potential, such lowering emissions and boosting economic performance [1]. In situation, refurbishing operations are frequently controlled and led by manufacturers who prefer to outsource refurbishing operations to outside contractors, like retailers and third-party refurbishers, and create a variety of cooperative relationships that can increase the profitability of the entire channel system [2]. However, a significant body of research and a number of studies suggest that interactions between supply chain participants are affected by fairness issues [3,4,6,7]. For example, the manufacturers' dominant position frequently causes them to increase the wholesale price for refurbished products, causing the retailers to believe they are being unfairly treated. As an alternative, some retailers became greedier that they try to increase their profits even further than the manufacturers, which is another example of fairness concern [5]. If the main firm disregards the retailer's perception of fairness, it will lessen the retailer's willingness to promote the refurbished products and boost their sales. As a result, the retailer's lack of marketing attempts will affect the purchase of used products. This unjust perception will limit the refurbishing's ability to increase profits and interferes with the party members' ability to work together sustainably.
An equitable profit distribution plan is one way for supply chain participants negotiate the competitive climate within a cooperative framework and be motivated to continue cooperating. Another approach is to use cooperative game theory, which considers all potential coalition outcomes as well as what players may do both on their own and through establishing coalitions. It also discusses the strength and stability of various coalitions as well as how excess is distributed among coalition members [8]. The first stage in using the cooperative game theory is to determine the set of all potential coalition outcomes and analyze it, in order to ascertain how players would ultimately benefit from various outcomes in this set. Fairness concerns and sustainable collaboration coexist in CLSCs on a widespread basis in today's business practice. For instance, Gree Inc., one of China's top manufacturers of specialist air conditioners, forms alliances with other businesses, including Tianjian Recycling Development Co., Ltd. and Shijiazhuang Green Recycling Co., Ltd., to help them remanufacture and distribute its products [9].
Business strategies and societal environmental awareness are the driving forces behind CLSC research. A company can improve channel and individual profitability by developing strategic alliances and exchanging information with other CLSC members. In order to maximize value creation across the whole life cycle, CLSC management relies on OR Games' support in the system's design, control, and operation. There are four elements in this paper: original equipment manufacturer (OEM), retailer, third-party refurbisher (3P), and market. The market will be divided into two segments: high-end and low-end. High-end markets are willing to purchase new products, in contrast to low-end markets, who only purchase refurbished products at lower prices. In a typical CLSC made up of an OEM (O), a retailer (R), and a 3P (T), five potential coalition structures are explored. The first case is without coalition case, in which the three members make independent decisions (Model N). The second case is the complete coalition case where the three members make decisions as a single planner (Model C). This model is challenging to accurately describe with an actual example and used in the current work as a benchmark for maximal profit that may be distributed among CLSC members in the cooperative game framework. The research on supply chain coordination frequently uses centralized models as the coordinated objectives [19,20,21,22]. The third case is the partial coalition created by O and R which operates as a single unit (Model OR). In this way, Model OR is comparable to a manufacturer-refurbisher supply chain where the OEM continues to market the refurbished item while the 3P exclusively handles refurbished item. The fourth case is the partial coalition created by O and T which operates as a single decision-maker (Model OT). In this way, Model OT is comparable to a manufacturer-retailer supply chain where both new and refurbished products are created by the OEM and retailer offers them to market. The fifth case is the partial coalition created by R and T which operates as a single decision-maker (Model RT). Model RT is also comparable to a manufacturer-retailer supply chain where the OEM concentrates on creating new products, while the retailer handles both marketing and refurbishing tasks.
This paper will investigate five cooperative and non-cooperative models for a CLSC with refurbishing. It will apply cooperative game theory in order to coordinate CLSCs with refurbishing and fairness concerns. Shapley value will also be used in cooperative game solution to approach more evenly distributed profits.
MODEL ASSUMPTIONS AND NOTATIONS
2.1 Problem Description
In the without coalition model (Model N) depicted in Figure 1 (a), we consider a CLSC with an OEM (O), retailer (R), and 3P (T). Notably, roughly 94% of refurbishing processes are carried out in actuality by third-party refurbisher [10,12,13]. This might be because manufacturing prices are typically higher than those of outside contractors due to scale economies [11]. Therefore, we assume that O in Model N chooses to outsource refurbishing rather than self-operate. In this without coalition setting, O sells the new products at the unit wholesale price  to R, whereas R sells the new products to markets at a retail cost. Further, O outsources the refurbishing operations to T, who collects the used products from markets and refurbish them at a cost . Following refurbishing, T send these refurbished products back to the manufacturer with the supply price B in without coalition setting. With T's supply of the refurbished products, O sets the profit according to the supply price B. R then receives the refurbished products from O at wholesale price . Markets therefore purchase R's refurbished products at the retail price . In Model N, R shows fairness concerns to O's profits. This paper examines the CLSC's coordinated performance based on several cooperative game solutions using Model N as a non-cooperative mechanism and a standard example. We also extend without coalition model to a system of models that incorporate the mutual cooperative and non-cooperative behaviors of supply chain members as well as the R’s (RT’s) fairness concerns. In the CLSC, we consider four coalition models: the complete coalition model, or Model C, Fig. 1 (b); the O-R partial coalition model, or Model OR, Fig. 1 (c); the O-T partial coalition model, or Model OT, Fig. 1 (d); and the R-T partial coalition model, or Model RT, Fig. 1 (e). We explore members interaction for these five models considering the fairness concern and conduct an equilibrium analysis. The allocation of profits among CLSC members is then addressed using the Shapley value and variable-weighted Shapley value.
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Figure 1. Cooperative and non-cooperative games models.

2.2 Model Assumptions

Assumption 1. A stable single-period setting is used to compare the five cooperative and non-cooperative models.

New and refurbished products are sold in a single period for the five game models in this paper [14] and there are many used products for refurbishing [13,16]. Their use here helps us to focus on the effect of fairness concerns on steady-state profits.

Assumption 2. Refurbishing an end-of-life product is less costly than creating a new one, i.e.,.

Refurbishing typically costs less than creating a new product. This is generally acknowledged in literature and in practice [13,15].

Table 1.  Definitions of the parameters and decision variables
	Variable
	Definition

	Parameters

	
	Cost per unit for new/refurbished products

	
	Production quantity of new/refurbished products

	
	The profit function of member j in model i, {N, C, OR, OT, RT} and {O, R, T, OR, OT, RT}, where T and SC denote the third-party refurbisher (T) and the entire channel, respectively

	
	Demand for new products when there is no refurbished unit available

	
	Cannibalization coefficient

	
	Price elasticity on market demand of low-end customers

	
	Price elasticity on market demand of low-end customer

	
	Composite effect of refurbished product’s price on its demand where 

	Decision variables

	
	Supply price T charges for refurbished products

	
	Retail price per unit for new/refurbished products

	
	Wholesale price per unit for new/refurbished products



Assumption 3. In Model RT, R and T form a coalition, and the coalition RT acts as an integrated decision-maker to preserve the member R's fairness concern in Model N. Only member R or coalition RT has fairness concern in this paper, and the profit of either member's upstream decision-maker serves as a benchmark for both. The other members are fairness-neutral, but R or RT will display fairness concerns to the same extent regardless of the fairness reference.

R(RT) is modeled as the fairness-minded member in this paper since it is a follower in our model setting and occupies a comparatively weaker position in a CLSC. We assume that T, acting as a follower, has no fairness concerns in Models N and OR. The following three factors account for this: (1) T has a considerably lower profit than the other two members since T is irrelevant to new product operations, especially since refurbished products offer no advantages. (2) Incorporate T’s fairness concerns into our models will make our model too complex mathematically. It is preferable to make our models moderately simple—but not too simplistic as to prevent them from producing any practical managerial insights. When it comes to Model OR, the coalition that O and R created solves the R's fairness concerns because they make decisions as a single unit. Table 1 lists the parameters and decision variables.

MODEL DESCRIPTION
[bookmark: _Int_Ce1l1WhB]This section examines five models: without coalition (Model N), complete coalition (Model C), and three partial-coalition (OR, OT, and RT models). The O spends  per unit to make the new product and sell it for a set price of . The price of the new product is set till the release of the next generation. In this circumstance, markets are not motivated to hold off on purchasing the new product until the price has sufficiently dropped. The unit cost of refurbishing the T  is less than the unit cost of producing the new product, . The T is free to set a price  for the refurbished item that will optimize its profits.
The market is divided into two segments: high-end and low-end. High-end markets are willing to purchase new products, in contrast to low-end markets, who only purchase refurbished products at lower prices. When refurbished products are unavailable, there is a high-end demand for new products which state as . Some   of high-end buyers change to refurbished products if they are available. Member T can attract  low-end clients who will not purchase new product by selling a refurbished product at a price . Markets that purchase both new and refurbished product are as follows: 
                                                                            (1)
                                                                     (2)
In other words, we assume that cannibalization resembles to a universal linear switching function., that
                                                                             (3)
for some coefficient .

Model N (without Coalition)

In model N, O sets the profit according to the supply price B, where the supply price B by T has not been determined. O first sets wholesale price  for the new product and  for the refurbished products. Then R sets retail price  for the new products and  for the refurbished products to sell to the market. Finally, T sets price B that O will pay. O and T base their decisions on the idea of maximizing their own profits. The three-echelon Stackelberg game with O, R, and T is therefore stated as:
                                                         (4)
                                                        (5)
                                                                      (6)
where O moves first, followed by R, then T. The decision variables are the wholesale and retail price of the refurbished , aa well as supply price of the refurbished products .
According to Eq. (1), (2), and (3), Eq. (4) can also express as follows:
 
 
where O total profit is calculated by deducting cost from manufacturing, retail price of the refurbished products as well as supply price for refurbished products.
According to Eq. (1), (2), and (3), Eq. (5) can also express as follows:
 
 
where R total profit is calculated by deducting wholesale price per unit for new and refurbished products as well as retail price of the refurbished products.
According to Eq. (1), (2), and (3), Eq. (6) can also express as follows:
 
 
where T total price change is calculated by deducting cost from refurbished product and retail price of the refurbished products.
In this paper, model N is used as a benchmark case to compare with other models and is known as the without coalition model. Fig. 2 shows the event timeline for model N. Table 2 shows the equilibrium solutions and profits for model N where   and .
[image: ]
Figure 2. Model N event timeline


Table 2. Model N optimal/equilibrium price, quantities, and profits
	Variable
	Optimal/equilibrium and profits

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Model C (Complete Coalition)

To maximize the profit for the CLSC, all member (O, R, T) in model C form a coalition and act together as a centralized decision-maker. Therefore, the channel profit function is unaffected by the wholesale price of new and refurbished products along with their supply price. Hence, the model C is therefore stated as:
                                                         (7)
where O, R, and T move together and sell the products to the market. The decision variable is the retail price .
According to Eq. (1), (2), and (3), Eq. (7) can also express as follows:
 
 
 
 
where ORT total profit is calculated by deducting cost per unit for new and refurbished products as well as retail price of the refurbished products.
Table 3 shows the equilibrium solutions and profit for model C where   and .

Table 3. Model C optimal/equilibrium price, quantities, and profit
	Variable
	Optimal/equilibrium and profits

	
	

	
	

	
	

	
	



Model OR (Partial Coalition)

In model OR, O and R form a coalition (the OR coalition) and is seen as the new decision-maker, which makes fairness concern in R no longer present. As the Stackelberg game's leader, the OR coalition first determines the price  for the new product and  for the refurbished product according to the supply price B, where the supply price B by T has not been determined. Then, T as a follower sets price B. The OR coalition and T base their decisions on the idea of maximizing their own profits. Hence, the model for OR coalition is therefore stated as:
                                                      (8)
                                                                    (9)
where OR moves first, followed by T. The decision variables are the retail price of the refurbished products and supply price of the refurbished products .
According to Eq. (1), (2), and (3), Eq. (8) can also express as follows:
 
   
   
   
where OR total profit is calculated by deducting cost per unit for new products, retail price of the refurbished products and supply price for refurbished products.
According to Eq. (1), (2), and (3), Eq. (9) can also express as follows:
 
 
where T total price change is calculated by deducting cost from refurbished product and retail price of the refurbished products. Table 4 shows the equilibrium solutions and profits for model OR where   and .

Model OT (Partial Coalition)

In model OT, O and T form a coalition (the OT coalition) which makes supply cost B irrelevant. In the Stackelberg game's, the OT coalition determines the wholesale price  for the new product and  for the refurbished product. While R, who has fairness concern, sets retail price  for the new products and  for the refurbished products based on the idea of maximizing its own utility. The OT coalition base its decisions to maximize its own profits. Hence, the model for OT coalition is therefore stated as:
                                                    (10)
                                                    (11)
where OT moves first, followed by R. The decision variables are the wholesale price of the refurbished products and retail price of the refurbished products .
According to Eq. (1), (2), and (3), Eq. (10) can also express as follows:
 
  
  
  
where OT total profit is calculated by deducting cost per unit for new and refurbished products as well as retail price of the refurbished products.
According to Eq. (1), (2), and (3), Eq. (11) can also express as follows:
 
 
where R total profit is calculated by deducting wholesale price per unit for new and refurbished products as well as retail price of the refurbished products. Table 5 shows the equilibrium solutions and profits for model OT where  and .

Table 4. Model OR optimal/equilibrium price, quantities, and profits
	Variable
	Optimal/equilibrium and profits

	
	

	
	

	
	

	
	

	
	

	
	



Table 5. Model OT optimal/equilibrium price, quantities, and profits
	Variable
	Optimal/equilibrium and profits

	
	

	
	

	
	

	
	

	
	

	
	



Model RT (Partial Coalition)

To maintain R’s fairness concern, in model RT, R and T form a coalition (the RT coalition). In this model, O does not engage in refurbishing activities but instead concentrates on producing new products. Instead, RT is the one who refurbish and sell refurbished products to market. Member O first determines the wholesale price  for the new products and the supply price B.  Then, RT sets retail price  for the new products and  for the refurbished products based on the idea of maximizing its own utility. Member O base its decisions to maximize its own profits. Hence, the model for RT coalition is therefore stated as:
                                                    (12)
                                          (13)
where O moves first, followed by RT. The decision variables are the wholesale price of the refurbished products, supply price of the refurbished products, and retail price of the refurbished products .
According to Eq. (1), (2), and (3), Eq. (12) can also express as follows:
 
 
where O total profit is calculated by deducting cost per unit for new products, supply price for refurbished products as well as retail price of the refurbished products.
According to Eq. (1), (2), and (3), Eq. (13) can also express as follows:
 
  
  
  
where RT total profit is calculated by deducting cost for refurbished products, wholesale price per unit for new and refurbished products as well as retail price of the refurbished products.
Table 6 shows the equilibrium solutions and profits for model RT where   and .

Table 6. Model RT optimal/equilibrium price, quantities, and profits
	Variable
	[bookmark: _GoBack]Optimal/equilibrium and profits

	
	

	
	

	
	

	
	

	
	

	
	



MODEL ANALYSIS
This section addresses the equitable distribution of surplus profit among the CLSC members using the cooperative game theory. In this study, fair allocation is defined in terms of both individuals and groups rationality where each strategy must increase the profitability of each member while achieving the maximal channel profit in the complete coalition model. A characteristic-function game  consists of a set of n players  for any subset  mapping each coalition with valued function  which satisfies
 and
 
where . Function   denotes the utility that is available when coalition S members cooperate. If i-th player's allocated revenue from set N is , then the maximum benefit's revenue distribution may be expressed as

The i-th player's profit distributed by Shapley's value is
                                       (14)
where . For our CLSC game in which , we have possible coalition: , , , , , , , and . According to Eq. (14), the Shapley value of  are
 
 
  
 
 
 
  
 
 
 
  
 
Therefore, the Shapley value of the OEM, retailer, and 3P are, respectively
         (15)
         (16)
         (17)

Numerical analysis
This section offered numerical example on the optimal/equilibrium channel profits for each of the five game models. By using it, we demonstrate how to solve profit allocation problems utilizing the Shapley value. Let’s assume that , , , , , , . With this value entered the profit function, we get result for members revenue in each coalition as shown in Table 7.

Table 7. Members revenue
	Coalition
	
	
	
	

	
	
	
	-
	-

	
	
	-
	
	-

	
	
	-
	-
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	-
	

	
	
	-
	
	

	
	
	
	
	



Given the members revenue in Table 7, it shows that
[bookmark: _Hlk116931305] 
 
 
 
As a result, the coalition's overall profit exceeds the members' individual profits. In addition, Table 7 includes Eq.  (15), (16), and (17), together with the Shapley value of the OEM, retailer, and 3P are
 
 
 
The revenue distribution might therefore be stated as


CONCLUSION
This study addresses the original equipment manufacturer (OEM), retailer, third-party refurbisher (3P), and market. The market will be divided into high-end and low-end. High-end markets are willing to purchase new products, in contrast to low-end markets, who only pay less for refurbished products. We consider a CLSC with an OEM (O), retailer (R), and 3P (T). This paper examines R's fairness concerns across five scenarios based on the CLSC of O, R, and T: the complete coalition (C) and without coalition (N) scenarios, as well as three partial-coalition models (OR, OT, and RT). First, equilibrium analyses are performed on these five models. According to the analytical findings, channel profit decreases as CLSC decentralization increases. These ideal/equilibrium outcomes serve as the foundation for deriving the cooperative game's distinctive function. The Shapley value is then suggested to divide the surplus profit among the three members of the CLSC. In comparison to the without coalition case, all members profit more under the three mechanisms for coordination. Numerical experiment reveals that O receives the highest profit in the without coalition case, T receives the highest profit by Shapley value, and complete coalition case receives the highest profit of others.
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