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Shared manufacturing in a differentiated duopoly with capacity 

constraints 

Abstract:

This study sets up a differentiated duopoly model considering capacity constraints and shared 

manufacturing, investigates the equilibrium results, examines the effects of product differentiation and 

capacity constraints in three scenarios, and compares the equilibrium outcomes in three cases under 

Cournot and Stackelberg competition. We find that capacity constraints affect the relationships among 

product differentiation, equilibrium results, and the market share of enterprises. Shared manufacturing 

impacts the degree of excess capacity, profits, consumer surplus, and social welfare; however, it may 

sometimes play a negative role in alleviating excess capacity. Moreover, Cournot competition is a better 

choice for enterprises with capacity constraints compared to Stackelberg competition.

Keywords: shared manufacturing, product differentiation, capacity constraints, excess capacity 

1 Introduction 

Capacity sharing, which is commonplace in many fields, such as the logistics industry and clothing 

manufacturing, plays an important role in alleviating supply-demand imbalances and improving 

capacity allocation in space and time (Melo, Macedo, and Baptista, 2019). There are various forms of 

capacity sharing, among which one of the most popular forms is shared manufacturing. Enterprises with 

insufficient capacity can trade capacity with shared manufacturing enterprises, resulting in a win-win 

situation (Geissinger et al., 2019; Dai and Nu, 2020; Schwarz & Tan, 2021). In China, new production 

modes of “capacity sharing” and “factory sharing,” which rely on modern information technology, are 

emerging all over the country. A series of favorable policies issued by the government aims to promote 

the rapid development of capacity sharing and enable more shared manufacturing to be developed based 

on big data (He, Zhang, and Gu, 2019; Yan et al., 2019; Yang, Shan, and Jin, 2017). By sharing 

manufacturing, an effective allocation of production capacity can be achieved. When faced with 

insufficient capacity, shared manufacturing enterprises can alleviate capacity constraints by selling 

capacity. For example, China’s “Tao Factory” as well as various foundry factories use their capacity to 

meet the needs of other enterprises, thereby optimizing the entire market’s capacity. In addition, shared 

manufacturing enterprises can provide a wide range of capacity services for various segments with 

similar production technologies. However, what are the conditions under which both sides engage in 

capacity sharing? What impacts will capacity sharing have on the market? Will capacity sharing 

alleviate or exacerbate excess capacity? Will the competition modes of enterprises affect capacity 
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sharing? To answer these questions, based on the precondition of capacity constraints, this paper 

discusses the strategic interaction between enterprises in two duopoly competition modes, namely 

Cournot and Stackelberg, investigates the relationship between enterprises with capacity constraints 

and shared manufacturing, and examines the conditions and impacts of capacity sharing, especially on 

capacity and production matching, which provides new ideas for solving the problem of excess capacity. 

Shared manufacturing is essentially a type of capacity sharing. Capacity sharing reflects competition 

and cooperation among stakeholders. The strategic behaviors of all players would exert great influence 

on equilibrium results and the capacity sharing effect. Based on specific objectives, such as reducing 

costs or improving efficiency, various studies have analyzed the formation, effect, and optimal 

strategies of capacity sharing using mathematical models and methods (Wang, Tang, and Huo, 2018). 

These include game theory, the Monte Carlo method, the ant colony algorithm, and the queuing model. 

These studies include two main aspects. The first focuses on the practical application of enterprise 

production and operations management and uses various algorithms and technical tools to help 

enterprises make capacity decisions. Chevalier-Roignant et al. (2021) explored the problem of capacity 

decision-making under flexible output conditions and found that when uncertainty in the economic 

environment increased, investment in capacity increased as well. Moghaddam and Nof (2016) 

developed a mechanism for real-time resource allocation, order management, and process monitoring 

for demand and capacity sharing among enterprises. Legros (2019) investigated a decision support tool 

for a bike-sharing system based on the Markov decision process method. Some scholars focus on game 

theory to reveal the formation mechanism of strategy to investigate its effects on participants. These 

studies are generally based on certain markets and enterprise constraints, such as the type of market 

competition (Cournot or Stackelberg), product differentiation (homogeneous or heterogeneous), 

production technology (increasing or constant returns to scale), number of enterprises (two or more), 

budget constraints (whether there are financial constraints), and negotiation strategies (negotiation 

function design). This indicates that a capacity sharing strategy is affected by many factors, which 

provide theoretical support for the model setting and analysis of the results. Xie and Han (2020) built 

game-theoretical models and used chaos theory to analyze the effect of capacity sharing and capacity 

investment on manufacturers with sufficient environmentally friendly or limited capacity. Roels and 

Tang (2017) studied the sharing of manufacturing capabilities and distribution capabilities in strategic 

alliances and found that the contract mechanism could reduce disputes over capacity allocation and 

increase profits for both parties. Fang and Wang (2020) investigated horizontal capacity sharing among 

competitors with asymmetric information. Qin et al. (2020) considered capacity sharing between 

competing companies and compared the equilibrium results of shared and non-shared capacity. They 

found that capacity sharing increased the profits of companies with insufficient capacity; however, it 

was not always better for companies with overcapacity to share capacity. Zhang et al. (2020) explored 

the implementation of sharing in the GSHP district system to determine whether it could enhance the 

reduction of carbon emissions and showed that individual and central district systems were applicable. 
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Several researchers have adopted the duopoly model, which has strong applicability for analyzing 

capacity sharing strategies. Therefore, a duopoly model was adopted for our research. 

Capacity sharing has multiple and complex impacts. Extensive literature has shown that capacity 

sharing influences a series of market competition factors, such as market price, competition intensity, 

profit, and utility function, thereby affecting equilibrium results and the performance of the whole 

market. Some scholars believe that shared manufacturing is positive, as it can help alleviate capacity 

shortages and improve the resource allocation efficiency of the whole economy (Aloui and Lebsi, 2016; 

Tae, Luo, Lin, 2020; Nunez, Bai, and Du, 2021). However, others note that the positive effect of shared 

manufacturing should be based on certain conditions, which may not be beneficial or even be negative 

(Chen, Wang, and Liu, 2020; Guo and Wu, 2018; Levi et al., 2020). This study aims to comprehensively 

analyze the influence of capacity constraints and capacity sharing on various equilibrium results under 

different duopoly competition modes and examine their effects by incorporating matching situations of 

capacity and production into a cost function to further improve the practical significance of the results. 

Compared with the existing literature, the main contributions of this study are as follows. First, the 

existing research mainly focuses on capacity sharing under one type of duopoly and lacks comparisons 

between different types of duopoly competition. In contrast, our study compares various market 

equilibrium results and the effects of capacity sharing considering three scenarios under two 

competition modes. Chen, Xie, and Liu (2020) constructed a capacity sharing model in a supply chain 

and revealed the impacts of government policies and different duopoly competition types on 

equilibrium results, but shared manufacturing enterprises and charges were not considered and are 

covered by their study. Second, there is plenty of literature exploring capacity sharing. Liu et al. (2018) 

clarified that sharing can be profitable and beneficial for both operators and consumers, meaning that 

effectiveness and efficiency can be a temporary boost. In our study, product differentiation is introduced 

to investigate its impact on the equilibrium results. This is a beneficial extension of existing research. 

Although researchers have examined product differentiation deeply in different settings (Chen, Wang, 

and Chu, 2020), capacity decisions were not incorporated. In our study, decisions regarding capacity 

and output are separated into two stages, consistent with Bárcena-Ruiz and Garzon (2010), Fanti and 

Meccheri (2017), and Chen et al. (2019). Third, many studies have been conducted on excess capacity 

based on the monopoly model (Dagdeviren, 2016; Murphy, 2017; Chen, Liu, and Qin, 2019). However, 

shared manufacturing was seldom involved. This study not only introduces a shared manufacturing 

enterprise to investigate its impact on excess capacity but also explores the impact of product 

differentiation and capacity constraints on excess capacity. This is valuable for the enrichment of excess 

capacity research. 

The remainder of this paper is organized as follows. Section 2 constructs a duopoly model that 

considers product differentiation and excess capacity. Section 3 examines the equilibrium results in the 

cases of two enterprises with sufficient capacity (Model CSS and Model SSS), an enterprise with 

capacity constraints without a shared manufacturing enterprise (Model CSI and Model SSI), and an 
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enterprise with capacity constraints and a shared manufacturing enterprise (Model CSP and Model SSP) 

under Cournot and Stackelberg competition. In addition, it analyzes the influence of product and 

capacity constraints on excess capacity and the other results in equilibrium and presents a comparative 

analysis of profits, consumer surplus, social welfare, and excess capacity under three conditions of two 

competition modes to further reveal the effects of capacity sharing. Section 4 presents the conclusions 

of the research. 

2 The Model 

This study establishes a duopoly model consisting of Enterprise 1 and Enterprise 2. The duopoly 

competition between the two enterprises is either Cournot or Stackelberg competition.  

The inverse demand functions of the enterprises are denoted as 𝑝𝑖 = 𝑎 − 𝑞𝑖 − 𝑟𝑞𝑗, i ≠ j, i, j = 

1 or 2, where 𝑟 is the degree of product homogeneity and 𝑟 ∈ (0,1]. The higher the value of 𝑟, the 

lower the degree of product differentiation. Moreover, capacity is incorporated into the cost functions 

of the enterprises. It is assumed that the cost of the enterprise includes fixed marginal costs and excess 

costs caused by the mismatch of capacity. If the capacity is greater or less than the necessary production, 

the precipitation cost or overload operation of machines will result in excess costs. The balance between 

capacity and output will help reduce these costs. To reflect the total cost brought to enterprises by the 

imbalance of capacity and output, the cost functions of the two enterprises are denoted as 𝑐𝑖 =

(𝑥𝑖 − 𝑞𝑖)2 + 𝑏𝑞𝑖, referring to the method widely adopted by scholars such as Vives (1986) and Tomaru, 

Nakamura, and Saito (2011). The profit functions of the enterprises are denoted by 𝜋𝑖 = 𝑝𝑖𝑞𝑖 − 𝑐𝑖, 
where 𝑎 > 𝑏 > 0. Social welfare is expressed as 𝑆𝑊 = 𝜋1 + 𝜋2 + 𝐶𝑆 , where 𝐶𝑆 =

𝑞12+𝑞22+2𝑟𝑞1𝑞22 . 

Enterprises are first faced with capacity decisions and then output decisions to pursue profit 

maximization. We assume that the enterprise has sufficient or insufficient capacity. When there is 

insufficient capacity, the enterprise decides whether to purchase capacity from a shared manufacturing 

enterprise. There are three scenarios: 1) both enterprises have sufficient capacity (each can achieve 

optimal capacity; denoted as superscript CSS and SSS); 2) one enterprise has sufficient capacity, while 

the other does not, and there is no shared manufacturing enterprise (denoted as superscript CSI for the 

enterprise with sufficient capacity and superscript SSI for the enterprise with insufficient capacity); 

and 3) one enterprise has sufficient capacity, while the other does not, and there is a shared 

manufacturing enterprise (denoted as superscript CSP for the enterprise with sufficient capacity and 

superscript SSP for the enterprise with insufficient capacity).   

We assume Enterprise 1 always has sufficient capacity, and we denote the capacity of Enterprise 2 

as 𝑘, which is lower than its optimal capacity without capacity constraints if the capacity of Enterprise 

2 is insufficient, that is, 𝑘 > 0. If Enterprise 2 purchases capacity from a shared manufacturing 

enterprise, Enterprise 2’s profit is 𝜋2 = 𝑝2𝑞2 − 𝑐2 − 𝑝𝑇𝑋, where the inverse demand function of the 
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shared manufacturing enterprise is 𝑝𝑇 = 𝑒 − 𝑄 − 𝑋 > 0 ; 𝑋  represents the quantity of capacity 

purchased for Enterprise 2, and the capacity purchased for other industries is denoted as 𝑄, which is a 

positive constant, and the shared manufacturing enterprise cost function is 𝑐𝑇 =
(𝑄+𝑋)22 . 

When a shared manufacturing enterprise pursues profit maximization, 𝑀𝑅 = 𝑀𝐶, we obtain X =13 𝑒 − 𝑄. However, because the price is affected by the purchase of capacity by Enterprise 2, the shared 

manufacturing enterprise is willing to sell capacity when 0 < X ≤ 13 𝑒 − 𝑄. At this time, the profit of 

the shared manufacturing enterprise increases as the purchased capacity of Enterprise 2 increases. 

According to the above assumptions, the two enterprises play a two-stage sequential game. In the 

first stage, the two enterprises determine their capacity to maximize profit. Moreover, if an enterprise 

faces insufficient capacity, it should decide whether to purchase capacity from a shared manufacturing 

enterprise. In the second stage, two enterprises compete in a Cournot or Stackelberg competition for 

profit maximization. 

3 Model analysis 

3.1 Cournot Competition 

3.1.1 Model CSS 

The equilibrium results of the two competition modes are analyzed by backward induction.

First, the scenario in which both enterprises have sufficient capacity is analyzed. In the second stage, 𝜕𝜋𝑖𝜕𝑞𝑖 = 0 must be satisfied. Then, the equilibrium outputs can be obtained as 𝑞𝑖𝐶𝑆𝑆 =
(4−𝑟)(𝑎−𝑏)−2𝑟𝑥𝑗+8𝑥𝑖16−𝑟2                        (1) 

Next, Equation (1) is substituted into the profit function of the enterprise. To maximize profit, 
𝜕𝜋𝑖𝜕𝑥𝑖 =

0 should be satisfied. Then, the equilibrium capacities can be derived as  𝑥𝑖𝐶𝑆𝑆 =
16(𝑎−𝑏)32+16𝑟−4𝑟2−𝑟3                        (2) 

Lemma 1  When both enterprises have sufficient capacity, the equilibrium results are as follows. 𝑞𝑖𝐶𝑆𝑆 =
(16−𝑟2)(𝑎−𝑏)32+16𝑟−4𝑟2−𝑟3 , 𝑥𝑖𝐶𝑆𝑆 − 𝑞𝑖𝐶𝑆𝑆 =

𝑟2(𝑎−𝑏)32+16𝑟−4𝑟2−𝑟3 > 0 , 𝜋𝑖𝐶𝑆𝑆 =
2(𝑎−𝑏)2(𝑟4−32𝑟2+128)

(32+16𝑟−4𝑟2−𝑟3)2𝐶𝑆𝐶𝑆𝑆 =
(𝑟5+𝑟4−32𝑟3−32𝑟2+256𝑟+256)(𝑎−𝑏)2𝑟6+8𝑟5−16𝑟4−192𝑟3+1024𝑟+1024 , 𝑆𝑊𝐶𝑆𝑆 =

(𝑟5+5𝑟4−32𝑟3−160𝑟2+256𝑟+768)(𝑎−𝑏)2𝑟6+8𝑟5−16𝑟4−192𝑟3+1024𝑟+1024 . 

It can be seen that in the case of sufficient capacity, both enterprises have excess capacity, which 

indicates that excess capacity can occur under the incentive of profit without government intervention. 



7

Although excess capacity leads to certain waste of resources, it will also increase output and thus 

improve profits, making up for the loss of excess capacity. This can also account for the existence of 

excess capacity as a common phenomenon in the market economy. Next, we analyze the impacts of 

product differentiation on the equilibrium results in Proposition 1. 

Proposition 1  The effect of 𝑟:𝜕𝑥𝑖𝐶𝑆𝑆𝜕𝑟 < 0,
𝜕𝑞𝑖𝐶𝑆𝑆𝜕𝑟 < 0,

𝜕𝜋𝑖𝐶1𝜕𝑟 < 0,
𝜕(𝑥𝑖𝐶𝑆𝑆−𝑞𝑖𝐶𝑆𝑆)𝜕𝑟 > 0,

𝜕𝑆𝑊𝐶𝑆𝑆𝜕𝑟 < 0. 

If 0 < 𝑟 ≤ 0.99, then 
𝜕𝐶𝑆𝐶𝑆𝑆𝜕𝑟 ≤ 0; if 0.99 < 𝑟 < 1, then 

𝜕𝐶𝑆𝐶𝑆𝑆𝜕𝑟 > 0. 

In Model CSS, the capacities, outputs, and profits of Enterprises 1 and 2 as well as social welfare 

are negatively correlated with product homogeneity, but the degree of excess capacity is positively 

correlated with it. At first, the relationship between consumer surplus and 𝑟 is negative and then turns 

positive when product homogeneity is higher than a certain level. With an increase in 𝑟, enterprises 

will reduce their capacities appropriately. Meanwhile, an increase in 𝑟 reduces outputs, which further 

reduces profits and social welfare. Through market competition, enterprises are encouraged to expand 

product differentiation, and excess capacity can be alleviated. Therefore, the improvement of product 

differentiation is conducive to increasing the capacities and outputs of enterprises, further increasing 

their profits, and promoting capacity management. However, from the perspective of consumers, when 

productive homogeneity is high, product differentiation efforts are not beneficial to them. 

3.1.2 Model CSI 

Then, we changed the assumption of sufficient capacity to insufficient capacity for Enterprise 2. By 

maximizing the profits of the two enterprises, the equilibrium outputs can be obtained as  𝑞𝑖𝐶𝑆𝐼 =
(4−𝑟)(𝑎−𝑏)−2𝑟𝑥𝑗+8𝑥𝑖16−𝑟2                     (3) 

Because the capacity of Enterprise 2 is insufficient, which means 𝑘 <
16(𝑎−𝑏)32+16𝑟−4𝑟2−𝑟3, the capacity 

of Enterprise 2 can be derived as 𝑥2 = 𝑘, 0 ≤ 𝑥1 ≤ 16[(𝑎−𝑏)(4−𝑟)−2𝑟𝑘]𝑟4−32𝑟2+128                       (4) 16[(𝑎−𝑏)(4−𝑟)−2𝑟𝑥1𝑟4−32𝑟2+128 , 𝑥1 >
16[(𝑎−𝑏)(4−𝑟)−2𝑟𝑘]𝑟4−32𝑟2+128

To maximize profits, the equilibrium capacities can be obtained as 𝑥1𝐶𝑆𝐼 =
16[(𝑎−𝑏)(4−𝑟)−2𝑟𝑘]𝑟4−32𝑟2+128 , 𝑥2𝐶𝑆𝐼 = 𝑘                          (5) 

where 0 < 𝑘 <
16(𝑎−𝑏)32+16𝑟−4𝑟2−𝑟3. 

Lemma 2  The equilibrium results of Model CSI can be derived as follows. 
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𝑞1𝐶𝑆𝐼 =
(𝑟3−4𝑟2−16𝑟+64)(𝑎−𝑏)+2𝑘𝑟(𝑟2−16)𝑟4−32𝑟2+128 , 𝑞2𝐶𝑆𝐼 =

(𝑟3−4𝑟2−16𝑟+32)(𝑎−𝑏)+8𝑘(8−𝑟2)𝑟4−32𝑟2+128 ;   𝑥1𝐶𝑆𝐼 − 𝑞1𝐶𝑆𝐼 =
𝑟2[(𝑎−𝑏)(4−𝑟)−2𝑘𝑟]𝑟4−32𝑟2+128 > 0; 𝑥2𝐶𝑆𝐼 − 𝑞2𝐶𝑆𝐼 =
𝑘(𝑟4−24𝑟2+64)−(𝑟3−4𝑟2−16𝑟+32)(𝑎−𝑏)𝑟4−32𝑟2+128 , if 0 < 𝑘 ≤ (𝑟3−4𝑟2−16𝑟+32)(𝑎−𝑏)𝑟4−24𝑟2+64 , then 𝑥2𝐶𝑆𝐼 − 𝑞2𝐶𝑆𝐼 ≤ 0; if 

(𝑟3−4𝑟2−16𝑟+32)(𝑎−𝑏)𝑟4−24𝑟2+64 < 𝑘 <
16(𝑎−𝑏)32+16𝑟−4𝑟2−𝑟3，then 𝑥2𝐶𝑆𝐼 − 𝑞2𝐶𝑆𝐼 > 0. 𝜋1𝐶𝑆𝐼 =

2[(𝑎−𝑏)(𝑟−4)+2𝑘]2𝑟4−32𝑟2+128 ;

𝜋2𝐶𝑆𝐼 =

2[(𝑟6−8𝑟5−16𝑟4+192𝑟3−1024𝑟+1024)(𝑎−𝑏)2−32𝑘(𝑟5−4𝑟4−24𝑟3+64𝑟2+128𝑟−256)(𝑎−𝑏)]−𝑘2(𝑟8−64𝑟6+1152𝑟4−6144𝑟2+8192)

(𝑟4−32𝑟2+128)2 ;  

𝐶𝑆𝐶𝑆𝐼 =

{(𝑟7−7𝑟6−24𝑟5+208𝑟4+96𝑟3−1664𝑟2+512𝑟+2560)(𝑎−𝑏)2+2(𝑟7−7𝑟6−24𝑟5+176𝑟4+96𝑟3−1024𝑟2+512𝑟+1024)(𝑎−𝑏)𝑘−2𝑘2(7𝑟6−176𝑟4+1024𝑟2−1024) }
(𝑟4−32𝑟2+128)2 ;

𝑆𝑊𝐶𝑆𝐼 =

{(𝑟7−3𝑟6−56𝑟5+144𝑟4+992𝑟3−2432𝑟2−3584𝑟+8704)(𝑎−𝑏)2+2(𝑟7−3𝑟6−56𝑟5+112𝑟4+992𝑟3−1536𝑟2−3584𝑟+5120)(𝑎−𝑏)𝑘−𝑘2(𝑟8−58𝑟6+1056𝑟4−5120𝑟2+6144) }
(𝑟4−32𝑟2+128)2 .  

It can be seen that when the capacity of Enterprise 2 is lower than a certain level 

(
(𝑟3−4𝑟2−16𝑟+32)(𝑎−𝑏)𝑟4−24𝑟2+64 ), there is insufficient capacity; otherwise, there is excess capacity. Therefore, the 

degree of excess capacity is closely related to the capacity of Enterprise 2. This is different from Model 

CSS because capacity constraints are added. For Enterprise 1, consistent with the first situation, it has 

excess capacity. 

Proposition 2 

(1) The effects of 𝑟: 𝜕𝑥1𝐶𝑆𝐼𝜕𝑟 < 0 ,
𝜕𝑥2𝐶𝑆𝐼𝜕𝑟 = 0 ,

𝜕𝑞1𝐶𝑆𝐼𝜕𝑟 < 0 ,
𝜕𝑞2𝐶𝑆𝐼𝜕𝑟 < 0 ,

𝜕𝜋1𝐶𝑆𝐼𝜕𝑟 < 0 ,
𝜕𝜋2𝐶𝑆𝐼𝜕𝑟 < 0 ,

𝜕(𝑥1𝐶𝑆𝐼−𝑞1𝐶𝑆𝐼)𝜕𝑟 >

0,
𝜕(𝑥2𝐶𝑆𝐼−𝑞2𝐶𝑆𝐼)𝜕𝑟 > 0,

𝜕𝐶𝑆𝐶𝑆𝐼𝜕𝑟 > 0,
𝜕𝑆𝑊𝐶𝑆𝐼𝜕𝑟 < 0

(2) The effects of 𝑘: 𝜕𝑥1𝐶𝑆𝐼𝜕𝑘 < 0  ,
𝜕𝑥2𝐶𝑆𝐼𝜕𝑘 > 0 ,

𝜕𝑞1𝐶𝑆𝐼𝜕𝑘 < 0 ,
𝜕𝑞2𝐶𝑆𝐼𝜕𝑘 > 0 ,

𝜕𝜋1𝐶𝑆𝐼𝜕𝑘 < 0 ,
𝜕𝜋2𝐶𝑆𝐼𝜕𝑘 > 0 ,

𝜕(𝑥1𝐶𝑆𝐼−𝑞1𝐶𝑆𝐼)𝜕𝑘 < 0，𝜕(𝑥2𝐶𝑆𝐼−𝑞2𝐶𝑆𝐼)𝜕𝑘 > 0,
𝜕𝐶𝑆𝐶𝑆𝐼𝜕𝑘 > 0,

𝜕𝑆𝑊𝐶𝑆𝐼𝜕𝑘 > 0. 

As shown in Proposition 2, when the capacity of Enterprise 2 is constrained, compared with Model 

CSS, the relationship between consumer surplus and 𝑟  changes from a negative to a positive 

correlation, and the other relationships remain the same. The results indicate that when Enterprise 2 is 

restrained by capacity, capacity constraints have a greater impact than product differentiation on 
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consumer surplus. When Enterprise 2 faces an increase in 𝑟, capacity does not change accordingly. 

However, the output is reduced appropriately, which increases consumer surplus. Therefore, when there 

are capacity constraints, it is more beneficial for consumers to moderately homogenize products. 

Nevertheless, production homogenization intensifies the degree of excess capacity and leads to a 

reduction in social welfare. Therefore, increasing the degree of product differentiation to increase 

profits can reduce consumer surplus and increase social welfare.  

The capacity, output, profit, and excess capacity of Enterprise 1 are negatively correlated with the 

capacity constraints of Enterprise 2, while others are positively correlated with it. The lower the capacity 

constraints of Enterprise 2, the higher the capacity, output, and profit of Enterprise 1 and the higher the 

excess capacity. Enterprise 2’s capacity, output, and profit as well as the degree of excess capacity will 

be reduced; however, Enterprise 1 is reluctant to alleviate excess capacity at the cost of profit reduction. 

A contradiction between capacity constraints and excess capacity arises. Moreover, consumer surplus 

and social welfare increase as capacity constraints are released because when Enterprise 2 is limited in 

capacity, Enterprise 1 will occupy the market share of Enterprise 2 and obtain higher profits but 

simultaneously reduce consumer surplus and social welfare. Therefore, the capacity constraints of 

enterprises are beneficial to competitors but harmful to enterprises, consumers, and society, and 

conflicts among these stakeholders must be resolved. Thus, the next step is to introduce a shared 

manufacturing enterprise to explore whether capacity sharing can solve this contradiction.  

3.1.3 Model CSP 

We consider a capacity sharing manufacturing enterprise and define 𝐴 = 𝑎 − 𝑏,𝐵 = 𝑒 − 𝑄 . The 

equilibrium outputs of the two companies can be derived as: 𝑞1𝐶𝑆𝑃 =
(4−𝑟)𝐴−2𝑟𝑥2+8𝑥116−𝑟2 , 𝑞2𝐶𝑆𝑃 =

(4−𝑟)𝐴−2𝑟𝑥1+8𝑥316−𝑟2                  (6) 

Then, substituting Equation (6) into the profit functions of the enterprises, 
∂πi∂xi = 0  must be 

satisfied, and the equilibrium capacities can be derived as 𝑥1𝐶𝑆𝑃 =
32𝐴−(16−𝑟2)𝑟(𝐵+2𝑘)8(8−𝑟2)

,  𝑥2𝐶𝑆𝑃 =
(2048−640𝑟2+48𝑟4−𝑟6)(𝐵+2𝑘)−32(32−16𝑟−4𝑟2+𝑟3)𝐴256(8−𝑟2)

   (7)     

Lemma 3  The equilibrium results when Enterprise 2 has the insufficient capacity with a shared 

manufacturing enterprise are as follows.  𝑞1𝐶𝑆𝑃 =
32(16−𝑟2)𝐴−(256−32𝑟2+𝑟4)(𝐵+2𝑘)𝑟128(8−𝑟2)

, 𝑞2𝐶𝑆𝑃 =
(16−𝑟2)(𝐵+2𝑘)32 ;        𝑥1𝐶𝑆𝑃 − 𝑞1𝐶𝑆𝑃 =

32𝐴𝑟2−(16−𝑟2)(𝐵+2𝑘)𝑟3128(8−𝑟2)
> 0;𝑥2𝐶𝑆𝑃 − 𝑞2𝐶𝑆𝑃 =

(1024−448𝑟2+40𝑟4−𝑟6)(𝐵+2𝑘)−32(32−16𝑟−4𝑟2+𝑟3)256(8−𝑟2)
;
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If 0 < 𝑘 ≤ − (1024−448𝑟2+40𝑟4−𝑟6)𝐵−32(32−16𝑟−4𝑟2+𝑟3)𝐴2(1024−448𝑟2+40𝑟4−𝑟6)
, then 𝑥2𝐶𝑆𝑃 − 𝑞2𝐶𝑆𝑃 ≤ 0; 

If 𝑘 > − (1024−448𝑟2+40𝑟4−𝑟6)𝐵−32(32−16𝑟−4𝑟2+𝑟3)𝐴2(1024−448𝑟2+40𝑟4−𝑟6)
, then 𝑥2𝐶𝑆𝑃 − 𝑞2𝐶𝑆𝑃 > 0; 

𝜋1𝐶𝑆𝑃 =

1024(128−32𝑟2+𝑟4)𝐴2−64(2048−640𝑟2+48𝑟4−𝑟6)𝑟𝐴(𝐵+2𝑘)+(32768−12288𝑟2+1408𝑟4−64𝑟6+𝑟8)(𝐵+2𝑘)2𝑟28192(8−𝑟2)2 ;𝜋2𝐶𝑆𝑃 =
64(32−16𝑟−4𝑟2+𝑟3)𝐴(𝐵+2𝑘)−(2048−768𝑟2+56𝑟4−𝑟6)𝐵2−4(1024−640𝑟2+56𝑟4−𝑟6)(𝐵+𝑘)𝑘512(8−𝑟2)

;

𝐶𝑆𝐶𝑆𝑃 =

1024(256−32𝑟2+𝑟4)𝐴2+64(4096−1280𝑟2+112𝑟4−3𝑟6)𝑟𝐴(𝐵+2𝑘)+(262144−294912𝑟2+78848𝑟4−8448𝑟6+400𝑟8−7𝑟10)(𝐵+2𝑘)232768(8−𝑟2)2 ;

𝑆𝑊𝐶𝑆𝑃 =

{1024(768−160𝑟2+5𝑟4)𝐴2+64(16384−12288𝑟−4096𝑟2+2816𝑟3+256𝑟4−144𝑟5+𝑟7)𝐴(𝐵+2𝑘)−(786432−360448𝑟2+48128𝑟4−1280𝑟6−80𝑟8+3𝑟10)𝐵2−4(262144−229376𝑟2+39936𝑟4−1280𝑟6−80𝑟8+3𝑟10)(𝐵+𝑘)𝑘 }
32768(8−𝑟2)2 .

It can be seen that Enterprise 1 still has excess capacity. For Enterprise 2, similar to Model CSI, the 

degree of excess capacity depends on the level of limited capacity. The difference is the cut-off value, 

which is 𝑘 =
(1024−448𝑟2+40𝑟4−𝑟6)𝐵+32(32−16𝑟−4𝑟2+𝑟3)𝐴

(1024−448𝑟2+40𝑟4−𝑟6)
, which is lower than that in Model CSI. 

To ensure that shared manufacturing companies are willing to sell capacity, 0 < X ≤ 13 𝑒 − 𝑄. For 

Enterprise 2, when faced with capacity constraints, the profit after purchasing capacity from the shared 

manufacturing enterprise is greater than before the purchase. According to this, we obtain the ranges of 

making a shared deal as 𝑘 ∈ (𝑘1𝐶𝑆𝑃,𝑘2𝐶𝑆𝑃) , when 0 < 𝑟 < 𝑟𝐶𝑆𝑃 , and 𝑘 ∈ (𝑘1CSP,𝑘3CSP)  when 𝑟𝐶𝑆𝑃 ≤ 𝑟 < 1 . The value of purchase capacity is 𝑋𝐶𝑆𝑃 =(2048−640𝑟2+48𝑟4−𝑟6)𝐵+2(1024−512𝑟2+48𝑟4−𝑟6)𝑘−32(32+16𝑟−4𝑟2−𝑟3)𝐴2048−256𝑟2 . 

Proposition 3  

(1) The effects of 𝑟: 𝜕𝑥1𝐶𝑆𝑃𝜕𝑟 > 0 ,
𝜕𝑥2𝐶𝑆𝑃𝜕𝑟 > 0 ,

𝜕𝑞1𝐶𝑆𝑃𝜕𝑟 < 0 ,
𝜕𝑞2𝐶𝑆𝑃𝜕𝑟 < 0 ,

𝜕𝜋1𝐶𝑆𝑃𝜕𝑟 < 0 ,
𝜕𝜋2𝐶𝑆𝑃𝜕𝑟 < 0 ,

𝜕(𝑥1𝐶𝑆𝑃−𝑞1𝐶𝑆𝑃)𝜕𝑟 >

0,
𝜕(𝑥2𝐶𝑆𝑃−𝑞2𝐶𝑆𝑃)𝜕𝑟 > 0,

𝜕𝐶𝑆𝐶𝑆𝑃𝜕𝑟 > 0,
𝜕𝑆𝑊𝐶𝑆𝑃𝜕𝑟 < 0.

(2) The effects of 𝑘: 𝜕𝑥1𝐶𝑆𝑃𝜕𝑘 < 0 , 
𝜕𝑥2𝐶𝑆𝑃𝜕𝑘 > 0 ,

𝜕𝑞1𝐶𝑆𝑃𝜕𝑘 < 0 ,
𝜕𝑞2𝐶𝑆𝑃𝜕𝑘 > 0 ,

𝜕𝜋1𝐶𝑆𝑃𝜕𝑘 < 0,
𝜕𝜋2𝐶𝑆𝑃𝜕𝑘 > 0,

𝜕(𝑥1𝐶𝑆𝑃−𝑞1𝐶𝑆𝑃)𝜕𝑘 < 0，𝜕(𝑥2𝐶𝑆𝑃−𝑞2𝐶𝑆𝑃)𝜕𝑘 > 0,
𝜕𝐶𝑆𝐶𝑆𝑃𝜕𝑘 > 0,

𝜕𝑆𝑊𝐶𝑆𝑃𝜕𝑘 > 0.

Proposition 3 implies that the introduction of the shared manufacturing enterprise makes the 

capacities of the two enterprises positively related to 𝑟, and the other cases are consistent with Model 

CSS. Compared with Model CSI, in addition to capacity, the excess capacity of Enterprise 2 and 𝑟
become positively correlated as well. After the introduction of the shared manufacturing enterprise, an 
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increase in 𝑟  causes a decrease in the output of Enterprise 2, but the capacities increase more 

significantly under the role of the shared manufacturing enterprise, leading to the aggravation of excess 

capacity. This indicates that capacity sharing aggravates the degree of excess capacity when production 

homogeneity increases. Therefore, the decision concerning whether to implement capacity sharing must 

still fully consider the degree of product differentiation between enterprises.  

Regarding capacity constraints, the situation of Enterprise 1 is the same as that of Model CSI. The 

capacity and excess capacity of Enterprise 2 are positively related to constrained capacity, and other

correlations are also consistent with Model CSI. The lower the capacity constraints of Enterprise 2, the 

lower the capacity and excess capacity of Enterprise 2, and the lower the output and profit. For 

Enterprise 1, capacity sharing and product differentiation play a synergistic role in jointly easing excess 

capacity. For Enterprise 2, the effect of shared manufacturing enterprise differs. Therefore, Enterprise 

2 should make trade-offs according to its situation to stabilize capacity at an appropriate level. 

3.2 Stackelberg Competition 

3.2.1 Model SSS 

First, we assume that both enterprises have sufficient capacity, and Enterprise 2 is the follower. The 

equilibrium outputs are as follows. 𝑞1𝑆𝑆𝑆 =
(𝑎−𝑏+2𝑥2)𝑟−4(𝑎−𝑏)−8𝑥12(𝑟2−8)

, 𝑞2𝑆𝑆𝑆 =
(𝑎−𝑏+2𝑥2)(𝑟2−16)+4(𝑎−𝑏+2𝑥1)𝑟8(𝑟2−8)

    (8) 

Next, capacity satisfies 
𝜕𝜋𝑖𝜕𝑥𝑖 = 0, 𝑥1𝑆𝑆𝑆, and 𝑥2𝑆𝑆𝑆 can be obtained as  𝑥1𝑆𝑆𝑆 =

4(𝑟3−3𝑟2−8𝑟+16)(𝑎−𝑏)7𝑟4−72𝑟2+128 , 𝑥2𝑆𝑆𝑆 =
(𝑟4+4𝑟3−24𝑟2−64𝑟+128)(𝑎−𝑏)2(7𝑟4−72𝑟2+128)

            (9) 

Lemma 4  When both enterprises have sufficient capacity, the equilibrium results are as follows. 𝑞1𝑆𝑆𝑆 =
4(𝑟3−3𝑟2−8𝑟+16)(𝑎−𝑏)

(𝑟2−8)(7𝑟2−16)
, 𝑞2𝑆𝑆𝑆 =

(𝑟2+4𝑟−8)(𝑎−𝑏)7𝑟2−16  , 𝑥1𝑆𝑆𝑆 − 𝑞1𝑆𝑆𝑆 = 0 , 𝑥2𝑆𝑆𝑆 − 𝑞2𝑆𝑆𝑆 =

(𝑟2−4𝑟−8)(𝑎−𝑏)𝑟22(𝑟2−8)(16−7𝑟2)
> 0, 𝜋1𝑆𝑆𝑆 =

4[(𝑟8−6𝑟7−11𝑟6+104𝑟5−4𝑟4−576𝑟3+384𝑟2+1024𝑟−1024)(𝑎−𝑏)2]
(𝑟2−8)(16−7𝑟2)(7𝑟4−72𝑟2+128)

;𝜋2𝑆𝑆𝑆 =
[(7𝑟8+56𝑟7−96𝑟6−1216𝑟5+704𝑟4+8192𝑟3−6144𝑟2−16384𝑟+16384)(𝑎−𝑏)2]4(𝑟2−8)2(7𝑟2−16)2 , 𝐶𝑆𝑆𝑆𝑆 =
(9𝑟8+16𝑟7−288𝑟6−288𝑟5+2832𝑟4+1280𝑟3−9728𝑟2+8192)(𝑎−𝑏)24(𝑟2−8)2(7𝑟2−16)2 ; 𝑆𝑊𝑆𝑆𝑆 =
(9𝑟8+184𝑟7−496𝑟6−3456𝑟5+6432𝑟4+19968𝑟3−31744𝑟2−32768𝑟+49152)(𝑎−𝑏)24(𝑟2−8)2(7𝑟2−16)2 .

Under Stackelberg competition, Enterprise 1 does not have excess capacity, while Enterprise 2 does, 

which means that Enterprise 1 may have the advantage of incumbents in reducing its excess capacity. 
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This result can guide enterprises to make decisions on their action sequences and the degree of excess 

capacity. Next, we analyze the impacts of product differentiation on the equilibrium results, and 

Proposition 4 can be proposed. 

Proposition 4 The effects of 𝑟:  𝜕𝑥2𝑆𝑆𝑆𝜕𝑟 < 0,
𝜕𝑞2𝑆𝑆𝑆𝜕𝑟 < 0,

𝜕𝜋1𝑆𝑆𝑆𝜕𝑟 < 0,
𝜕𝜋2𝑆𝑆𝑆𝜕𝑟 < 0,

𝜕(𝑥1𝑆𝑆𝑆−𝑞1𝑆𝑆𝑆)𝜕𝑟 = 0,
𝜕(𝑥2𝑆𝑆𝑆−𝑞2𝑆𝑆𝑆)𝜕𝑟 > 0,

𝜕𝑆𝑊𝑆𝑆𝑆𝜕𝑟 < 0. 

If 0 < 𝑟 ≤ 0.99, then 
𝜕𝑥1𝑆𝑆𝑆𝜕𝑟 ≤ 0,

𝜕𝑞1𝑆𝑆𝑆𝜕𝑟 ≤ 0; if 0.99 < 𝑟 < 1, then 
𝜕𝑥1𝑆𝑆𝑆𝜕𝑟 > 0,

𝜕𝑞1𝑆𝑆𝑆𝜕𝑟 > 0. 

If 0 < 𝑟 ≤ 0.408, then 
𝜕𝐶𝑆𝑆𝑆𝑆𝜕𝑟 ≤ 0; if 0.408 < 𝑟 < 1, then 

𝜕𝐶𝑆𝑆𝑆𝑆𝜕𝑟 > 0. 

In Model SSS, capacity is sufficient for Enterprise 2, and the effect of 𝑟 is similar to that of Model 

CSS; when 𝑟 is at a low level, the capacity and output of Enterprise 1 decrease with it. Then, the degree 

of excess capacity becomes irrelevant to 𝑟, and consumer surplus is positively related to 𝑟 after a 

negative correlation. The critical value is 0.408. In other words, when 𝑟 increases, the capacity, output, 

and excess capacity of Enterprise 2 and the profits of both enterprises decrease. At this point, the two 

enterprises still have the motivation to improve product differentiation. 

3.2.2 Model SSI 

By changing the assumption of sufficient capacity to insufficient capacity for Enterprise 2, we obtain 

the following equilibrium outputs:  𝑞1𝑆𝑆𝐼 =
(𝑎−𝑏+2𝑥2)𝑟−4(𝑎−𝑏)−8𝑥12(𝑟2−8)

, 𝑞2𝑆𝑆𝐼 =
(𝑎−𝑏+2𝑥2)(𝑟2−16)+4(𝑎−𝑏+2𝑥1)𝑟8(𝑟2−8)

           (10) 

Next, we consider the first stage of the game. The capacity of Enterprise 2 is insufficient, that is,   𝑘 <
(𝑟4+4𝑟3−24𝑟2−64𝑟+128)(𝑎−𝑏)2(7𝑟4−72𝑟2+128)

, and the capacity of Enterprise 2 can be expressed as follows: 𝑥2 =     𝑘, 0 ≤ 𝑥1 ≤ (𝑎−𝑏+2𝑘)𝑟−4(𝑎−𝑏)2(𝑟2−4)
                                (11) 

(𝑎−𝑏)(𝑟4+4𝑟3−32𝑟2−64𝑟−256)+8𝑥1𝑟(𝑟2−16)2(7𝑟4−96𝑟2+256)
, 𝑥1 >

(𝑎−𝑏+2𝑘)𝑟−4(𝑎−𝑏)2(𝑟2−4)𝑥1𝑆𝑆𝐼 =
(𝑎−𝑏+2𝑘)𝑟−4(𝑎−𝑏)2(𝑟2−4)

, 𝑥2𝑆𝑆𝐼 = 𝑘                      (12) 

Lemma 5  The equilibrium outcomes are as follows. 𝑞1𝑆𝑆𝐼 =
(𝑟−4)(𝑎−𝑏)+2𝑘𝑟2(𝑟2−4)

, 𝑞2𝑆𝑆𝐼 =
(𝑟2+4𝑟−8)(𝑎−𝑏)+2𝑘(𝑟2−16)8(𝑟2−4)

; 𝑥1𝑆𝑆𝐼 − 𝑞1𝑆𝑆𝐼 = 0, 𝑥2𝑆𝑆𝐼 − 𝑞2𝑆𝑆𝐼 =
(𝑟2+4𝑟−8)(𝑎−𝑏)−2𝑘(3𝑟2−8)8(4−𝑟2)

; 
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If 0 < 𝑘 ≤ (𝑎−𝑏)(𝑟2+𝑟−8)2(3𝑟2−8)
, then 𝑥2𝑆𝑆𝐼 − 𝑞2𝑆𝑆𝐼 ≤ 0 ; if 

(𝑎−𝑏)(𝑟2+𝑟−8)2(3𝑟2−8)
< 𝑘 <

(𝑎−𝑏)(𝑟4+4𝑟3−24𝑟2−64𝑟+128)2(7𝑟4−72𝑟2+128)
, then 𝑥2𝑆𝑆𝐼 − 𝑞2𝑆𝑆𝐼 > 0. 𝜋1𝑆𝑆𝐼 =

(𝑎−𝑏)2(𝑟2−8𝑟+16)+4𝑘𝑟[(𝑎−𝑏)(𝑟−4)+𝑘𝑟]16(4−𝑟2)
;  𝜋2𝑆𝑆𝐼 =

(𝑎−𝑏)2(𝑟4+8𝑟3−64𝑟+64)+4𝑘[(𝑟4+4𝑟3−16𝑟2−32𝑟+64)(𝑎−𝑏)]−4𝑘2(7𝑟4−48𝑟2+64)32(𝑟2−4)2 ;  𝐶𝑆𝑆𝑆𝐼 =
(𝑎−𝑏)2(9𝑟4+8𝑟3−176𝑟2+64𝑟+320)+4𝑘[(9𝑟4+4𝑟3−64𝑟2+32𝑟+64)(𝑎−𝑏)]+4𝑘2(9𝑟4−64𝑟2+64)128(𝑟2−4)2 ;  

𝑆𝑊𝑆𝑆𝐼 =

(𝑎−𝑏)2(5𝑟4+104𝑟3−272𝑟2−448𝑟+1088)+4𝑘[(5𝑟4+52𝑟3−96𝑟2−224𝑟+320)(𝑎−𝑏)]−4𝑘2(27𝑟4−160𝑟2+192)128(𝑟2−4)2 .  

When Enterprise 2’s capacity is below a certain level of (
(𝑎−𝑏)(𝑟2+𝑟−8)2(3𝑟2−8)

), the capacity is insufficient, 

and the capacity and output are matched at this level. It can be seen that the capacity ceiling of Enterprise 

2 is closely related to the degree of excess capacity. For Enterprise 1, consistent with the first case, the 

capacity is equal to the output. 

Proposition 5

(1) The effects of 𝑟: 𝜕𝑥2𝑆𝑆𝐼𝜕𝑟 = 0 ,
𝜕𝑞2𝑆𝑆𝐼𝜕𝑟 < 0 ,

𝜕𝜋1𝑆𝑆𝐼𝜕𝑟 < 0 ,
𝜕𝜋2𝑆𝑆𝐼𝜕𝑟 < 0 ,

𝜕(𝑥1𝑆𝑆𝐼−𝑞1𝑆𝑆𝐼)𝜕𝑟 = 0,
𝜕(𝑥2𝑆𝑆𝐼−𝑞2𝑆𝑆𝐼)𝜕𝑟 > 0 ,

𝜕𝐶𝑆𝑆𝑆𝐼𝜕𝑟 >

0,
𝜕𝑆𝑊𝑆𝑆𝐼𝜕𝑟 < 0;

If 0 < 𝑘 <
(𝑎−𝑏)(𝑟4+4𝑟3−24𝑟2−64𝑟+128)2(7𝑟4−72𝑟2+128)

and 0 < 𝑟 ≤ 4 − 2√3, then 
𝜕𝑥1𝑆𝑆𝐼𝜕𝑟 ≤ 0, 𝜕𝑞1𝑆𝑆𝐼𝜕𝑟 ≤ 0; 

If 0 < 𝑘 ≤ (𝑎−𝑏)(4+8𝑟−𝑟2)2(𝑟2+4)
 and 4 − 2√3 < 𝑟 < 1, then 

𝜕𝑥1𝑆𝑆𝐼𝜕𝑟 ≥ 0, 𝜕𝑞1𝑆𝑆𝐼𝜕𝑟 ≥ 0; 

If 
(𝑎−𝑏)(4+8𝑟−𝑟2)2(𝑟2+4)

< 𝑘 <
(𝑎−𝑏)(𝑟4+4𝑟3−24𝑟2−64𝑟+128)2(7𝑟4−72𝑟2+128)

and 4 − 2√3 < 𝑟 < 1 , then 
𝜕𝑥1𝑆𝑆𝐼𝜕𝑟 < 0,

𝜕𝑞1𝑆𝑆𝐼𝜕𝑟 < 0. 

(2) The effects of k: 𝜕𝑥1𝑆𝑆𝐼𝜕𝑘 < 0 ,
𝜕𝑥2𝑆𝑆𝐼𝜕𝑘 > 0 ,

𝜕𝑞1𝑆𝑆𝐼𝜕𝑘 < 0,
𝜕𝑞2𝑆𝑆𝐼𝜕𝑘 > 0 ,

𝜕𝜋1𝑆𝑆𝐼𝜕𝑘 < 0 ,
𝜕𝜋2𝑆𝑆𝐼𝜕𝑘 > 0 ,

𝜕(𝑥1𝑆𝑆𝐼−𝑞1𝑆𝑆𝐼)𝜕𝑘 = 0,𝜕(𝑥2𝑆𝑆𝐼−𝑞2𝑆𝑆𝐼)𝜕𝑘 > 0, 
𝜕𝐶𝑆𝑆𝑆𝐼𝜕𝑘 > 0,

𝜕𝑆𝑊𝑆𝑆𝐼𝜕𝑘 > 0. 

In Model SSI, the relationship between the profit and 𝑟 of the two enterprises is similar to that in 

Model SSS, but consumer surplus becomes positively correlated with 𝑟, and the relationship between 

the capacity and output of Enterprise 1 is more complex. When 𝑟 is at a low level, the capacity and 

output of Enterprise 1 are negatively correlated with product homogeneity. When 𝑟 is at a very high 
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level, the relationship between them may be influenced by 𝑘. When Enterprise 2 capacity is insufficient, 

the capacity and output of Enterprise 1 and 𝑟 are positively related. When the capacity shortage of 

Enterprise 2 is not serious, the capacity and output of Enterprise 1 are negatively correlated with 𝑟. In 

other words, only when 𝑟 is high and the shortage of capacity of Enterprise 2 is more serious will 

Enterprise 1 still increase its capacity and output with an increase in 𝑟; otherwise, Enterprise 1 will 

reduce its capacity and output. These results have significant implications for enterprises when making 

capacity and production decisions depending on 𝑟. 

Except for the relationship between the degree of excess capacity and capacity constraints, the other 

relationships are the same as in Model CSI. The excess capacity of Enterprise 1 is not affected by the 

constrained capacity of Enterprise 2. The excess capacity of Enterprise 2, consumer surplus, and social 

welfare are positively correlated with the constrained output of Enterprise 2. The greater the capacity 

constraint of Enterprise 2, the lower its excess capacity, but its output and profit will decrease, which 

will lead to a decline in consumer surplus and social welfare. Furthermore, the capacity constraints of 

Enterprise 2 will increase its degree of excess capacity, but its profit will decline; therefore, its 

willingness to increase capacity is still strong.  

3.2.3 Model SSP 

For simplicity, we define 𝐴 = 𝑎 − 𝑏 and 𝐵 = 𝑒 − 𝑄.

First, in considering the second stage, the equilibrium outputs are derived as 𝑞1𝑆𝑆𝑃 =
(𝐴+2𝑥2)𝑟−4𝐴−8𝑥12(𝑟2−8)

, 𝑞2𝑆𝑆𝑃 =
(𝐴+2𝑥2)(𝑟2−16)+4(𝐴+2𝑥1)𝑟8(𝑟2−8)

              (13) 

Next, the first stage of the game is analyzed, and 
𝜕𝜋𝑖𝜕𝑥𝑖 = 0 is satisfied. The equilibrium outputs are 

obtained as 𝑥1𝑆𝑆𝑃 = − 4[(𝑟2−16)𝐴−(𝐵+2𝑘)(𝑟3−8𝑟)]𝑟4−24𝑟2+128 , 𝑥2𝑆𝑆𝑃 = − (𝑟4+4𝑟3−24𝑟2−64𝑟+128)𝐴−8(𝐵+2𝑘)(𝑟4−12𝑟2+32)2(𝑟4−24𝑟2+128)
 (14) 

Lemma 6  When the two enterprises have sufficient capacity, the equilibrium results are as follows.  𝑞1𝑆𝑆𝑃 = − 4[(𝑟2−16)𝐴−(𝐵+2𝑘)(𝑟3−8𝑟)]𝑟4−24𝑟2+128 , 𝑞2𝑆𝑆𝑃 =
(𝐵+2𝑘)(𝑟2−8)𝑟2−16 ; 𝑥1𝑆𝑆𝑃 − 𝑞1𝑆𝑆𝑃 = 0, 𝑥2𝑆𝑆𝑃 − 𝑞2𝑆𝑆𝑃 =

2(3𝑟4−32𝑟2+64)(𝐵+2𝑘)−(𝑟4−4𝑟3−24𝑟2−64𝑟+128)𝐴2(8−𝑟2)(16−𝑟2)
; 

If  0 < 𝑘 ≤ (𝑟4−4𝑟3−24𝑟2−64𝑟+128)𝐴−2(3𝑟4−32𝑟2+64)𝐵2(8−𝑟2)(16−𝑟2)
, then 𝑥2𝑆𝑆𝑃 − 𝑞2𝑆𝑆𝑃 ≤ 0;

If 𝑘 >
(𝑟4−4𝑟3−24𝑟2−64𝑟+128)𝐴−2(3𝑟4−32𝑟2+64)𝐵2(8−𝑟2)(16−𝑟2)

, then 𝑥2𝑆𝑆𝑃 − 𝑞2𝑆𝑆𝑃 > 0;

𝜋1𝑆𝑆𝑃 =

4[(𝑟6−36𝑟4+384𝑟2−1024)𝐴2−(𝐵+2𝑘)𝐴(2𝑟7−56𝑟5+448𝑟3−1024𝑟)+(𝑟8−20𝑟6+104𝑟5−128𝑟4−256𝑟2)(𝐵+2𝑘)2 ]
(𝑟2−8)(16−𝑟2)(𝑟4−24𝑟2+128)

;
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𝜋2𝑆𝑆𝑃 =

(𝑟6+4𝑟5−40𝑟4−128𝑟3+512𝑟2+1024𝑟−2048)𝐴(𝐵+2𝑘)−4(𝑟6−32𝑟4+256𝑟2−512)𝐵2−2(7𝑟6−216𝑟4+1536𝑟22048)(𝐵+𝑘)𝑘2(𝑟2−8)(𝑟2−16)2 ;

𝐶𝑆𝑆𝑆𝑃 =

16(𝑟4−32𝑟2+256)𝐴2−8(𝑟7−28𝑟5+224𝑟3−512𝑟)𝐴(𝐵+2𝑘)+
(9𝑟8−208𝑟6+1664𝑟4−5120𝑟2+4096)(𝐵+2𝑘)22(𝑟2−8)2(𝑟2−16)2 ;

𝑆𝑊𝑆𝑆𝑃 =

8(𝑟6−38𝑟4+448𝑟2−1536)𝐴2−(𝑟8+12𝑟7−48𝑟6−384𝑟5+832𝑟4+3840𝑟3−6144𝑟2−12288𝑟+16384)𝐴(𝐵+2𝑘)+(3𝑟8−112𝑟6+1408𝑟4−7168𝑟2+12288)𝐵2+2(5𝑟8−176𝑟6+1984𝑟4−8192𝑟2+8192)(𝐵+2𝑘)𝑘−2(𝑟2−8)2(𝑟2−16)2 .

It can be seen that Enterprise 1 still lacks the excess capacity for Enterprise 1. For Enterprise 2, 

similar to Model SSI, the degree of excess capacity depends on the level of limited capacity. The 

difference is that the cut-off point is 𝑘 =
(𝑟4−4𝑟3−24𝑟2−64𝑟+128)𝐴−2(3𝑟4−32𝑟2+64)𝐵2(8−𝑟2)(16−𝑟2)

, which is lower 

than that in Model SSI.  

To ensure that both the shared manufacturing enterprise and the enterprises that purchase capacity 

are profitable, they need to satisfy 0 < X ≤ 13 𝑒 − 𝑄  and 𝜋2SSP > 𝜋2𝑆𝑆𝑃 , and the range of 𝑘  is 

obtained. Similar to Model CSP, if  0 < 𝑟 < 𝑟𝑆𝑆𝑃 , the value range of 𝑘 is (𝑘1𝑆𝑆𝑃,𝑘2𝑆𝑆𝑃), and if 𝑟SSP ≤ 𝑟 < 1, 𝑘 ∈ (𝑘1𝑆𝑆𝑃 ,𝑘3𝑆𝑆𝑃). 

The purchasing capacity is 𝑋 =
8(𝑟4−12𝑟2+32)𝐵+2(7𝑟4−72𝑟2+128)𝑘−(𝑟4+4𝑟3−24𝑟2−64𝑟+128)𝐴2(𝑟4−24𝑟2+128)

. 

Proposition 6

(1) The effects of 𝑟: 𝜕𝑥1𝑆𝑆𝑃𝜕𝑟 < 0 ,
𝜕𝑥2𝑆𝑆𝑃𝜕𝑟 > 0 ,

𝜕𝑞1𝑆𝑆𝑃𝜕𝑟 < 0 ,
𝜕𝑞2𝑆𝑆𝑃𝜕𝑟 < 0 

𝜕(𝑥1𝑆𝑆𝑃−𝑞1𝑆𝑆𝑃)𝜕𝑟 = 0 ,
𝜕(𝑥2𝑆𝑆𝑃−𝑞2𝑆𝑆𝑃)𝜕𝑟 > 0， ,

𝜕𝜋1𝑆𝑆𝑃𝜕𝑟 <

0,
𝜕𝜋2𝑆𝑆𝑃𝜕𝑟 < 0,

𝜕𝐶𝑆𝑆𝑆𝑃𝜕𝑟 > 0,
𝜕𝑆𝑊𝑆𝑆𝑃𝜕𝑟 < 0. 

(2) The effects of k: 𝜕𝑥1𝑆𝑆𝑃𝜕𝑘 < 0 ,
𝜕𝑥2𝑆𝑆𝑃𝜕𝑘 > 0 ,

𝜕𝑞1𝑆𝑆𝑃𝜕𝑘 < 0 , 
𝜕𝑞2𝑆𝑆𝑃𝜕𝑘 > 0 ,

𝜕𝜋1𝑆𝑆𝑃𝜕𝑘 < 0 , 
𝜕𝜋2𝑆𝑆𝑃𝜕𝑘 > 0 , 

𝜕(𝑥1𝑆𝑆𝑃−𝑞1𝑆𝑆𝑃)𝜕𝑘 = 0 , 𝜕(𝑥2𝑆𝑆𝑃−𝑞2𝑆𝑆𝑃)𝜕𝑘 > 0, 
𝜕𝐶𝑆𝑆𝑆𝑃𝜕𝑘 < 0,

𝜕𝑆𝑊𝑆𝑆𝑃𝜕𝑘 > 0. 

With the emergence of the shared manufacturing enterprise, the capacity, output, and social welfare 

of Enterprise 1 are negatively correlated with 𝑟, and other correlations are consistent with Model SSI. 

With a decrease in 𝑟, the capacity, output, and profit of Enterprise 1 will increase, while the capacity 

and consumer surplus of Enterprise 2 will decrease, but the output, profit, and social welfare will 

increase. Therefore, after the emergence of the shared manufacturing enterprise, the improvement of 

product differentiation is beneficial to both enterprises and society. This indicates that after the 

introduction of shared manufacturing enterprises, product differentiation is still an effective means for 

enterprises to improve consumer surplus, increase their profits and social welfare. 
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The capacity constraints of Enterprise 2 are positively correlated with capacity and negatively 

correlated with consumer surplus, while the other correlations are the same as in Model SSI. If the 

capacity constraints decrease, the capacity, output, profit, and excess capacity of Enterprise 2 decrease 

accordingly, but the capacity, output, and profit of Enterprise 1 increase. Its capacity and output can 

also be coordinated. In addition, consumer surplus increases, but social welfare decreases because 

Enterprise 2’s profit is affected by the constraints, which is more than the positive effects of Enterprise 

1 and consumers. Therefore, a too strict capacity constraint is not conducive to the promotion of social 

welfare. 

3.3 Comparison 

Comparing the three cases under Cournot competition, including excess capacity, profit, consumer 

surplus, and social welfare, Corollary 1 can be proposed. 

Corollary 1  Comparison results under Cournot model 

(𝑥1𝐶𝑆𝐼−𝑞1𝐶𝑆𝐼) > (𝑥1𝐶𝑆𝑆−𝑞1𝐶𝑆𝑆) > (𝑥1𝐶𝑆𝑃−𝑞1𝐶𝑆𝑃) ;

(𝑥2𝐶𝑆𝑆−𝑞2𝐶𝑆𝑆) > (𝑥2𝐶𝑆𝑃−𝑞2𝐶𝑆𝑃) > (𝑥2𝐶𝑆𝐼−𝑞2𝐶𝑆𝐼);𝜋1𝐶𝑆𝐼 >  𝜋1𝐶𝑆𝑃 > 𝜋1𝐶𝑆𝑆, 𝜋2𝐶𝑆𝑆 >  𝜋2𝐶𝑆𝑃 > 𝜋2𝐶𝑆𝐼;𝐶𝑆𝐶𝑆𝑆 > 𝐶𝑆𝐶𝑆𝑃 > 𝐶𝑆𝐶𝑆𝐼, 𝑆𝑊𝐶𝑆𝑆 > 𝑆𝑊𝐶𝑆𝑃 > 𝑆𝑊𝐶𝑆𝐼. 
From Corollary 1, it can be seen that the level of excess capacity of Enterprise 1 is the lowest when 

Enterprise 2 has the insufficient capacity with the shared manufacturing enterprise under Cournot 

competition because shared manufacturing helps improve equipment efficiency and stable production. 

However, Enterprise 1’s profit is the highest when Enterprise 2 has insufficient capacity in the absence 

of a shared manufacturing enterprise. The degree of excess capacity and profits of Enterprise 2, as well 

as the consumer surplus and social welfare, are the highest when both enterprises have sufficient 

capacity when Enterprise 2 has the insufficient capacity with shared manufacturing enterprise is the 

second high, and when Enterprise 2 has the insufficient capacity with the shared manufacturing 

enterprise is the lowest. It can be seen that during Cournot competition, Enterprise 1 is in an 

advantageous position when Enterprise 2 has insufficient capacity in the absence of a shared 

manufacturing enterprise. The emergence of the shared manufacturing enterprise weakens this 

advantage and improves the situation of Enterprise 2, consumer surplus, and social welfare. Therefore, 

the introduction of shared manufacturing improves the degree of excess capacity and profit of 

enterprises with capacity constraints (Enterprise 2) and reduces the degree of excess capacity of 

Enterprise 1. Moreover, consumers and society benefit from capacity sharing. 
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Under Stackelberg competition, including the degree of excess capacity, profits, consumer surplus, 

and social welfare, a comparative analysis of the three models is obtained as follows. 

Corollary 2  Comparison results under Stackelberg competition 

(𝑥1𝑆𝑆𝑆−𝑞1𝑆𝑆𝑆) = (𝑥1𝑆𝑆𝐼−𝑞1𝑆𝑆𝐼) = (𝑥1𝑆𝑆𝑃−𝑞1𝑆𝑆𝑃) = 0;

 (𝑥2𝑆𝑆𝑆−𝑞2𝑆𝑆𝑆) > (𝑥2𝑆𝑆𝑃−𝑞2𝑆𝑆𝑃) > (𝑥2𝑆𝑆𝐼−𝑞2𝑆𝑆𝐼);𝜋1𝑆𝑆𝐼 > 𝜋1𝑆𝑆𝑃 > 𝜋1𝑆𝑆𝑆, 𝜋2𝑆𝑆𝑆 > 𝜋2𝑆𝑆𝑃 > 𝜋2𝑆𝑆𝐼;𝐶𝑆𝑆𝑆𝐼 > 𝐶𝑆𝑆𝑆𝑆 > 𝐶𝑆𝑆𝑆𝑃, 𝑆𝑊𝑆𝑆𝐼 > 𝑆𝑊𝑆𝑆𝑆 > 𝑆𝑊𝑆𝑆𝑃. 

Unlike Corollary 1, under Stackelberg competition, the excess capacity of Enterprise 1 does not 

exist in all three cases. Consumer surplus and social welfare are higher when Enterprise 2 has 

insufficient capacity in the absence of a shared manufacturing enterprise than when both enterprises 

have sufficient capacity and when Enterprise 2 has the insufficient capacity with a shared manufacturing 

enterprise. Therefore, the fact that both enterprises have sufficient capacity is better for Enterprise 2, 

consumer surplus, and social welfare, explaining the widespread excess capacity phenomenon. 

By comparing the excess capacity, profit, consumer surplus, and social welfare under the two 

competition modes, we obtain Corollary 3. 

Corollary 3  Comparison results between two competition modes 

(𝑥1𝐶𝑆𝑆−𝑞1𝐶𝑆𝑆) > (𝑥1𝑆𝑆𝑆−𝑞1𝑆𝑆𝑆), (𝑥2𝐶𝑆𝑆−𝑞2𝐶𝑆𝑆) < (𝑥2𝑆𝑆𝑆−𝑞2𝑆𝑆𝑆);𝜋1𝐶𝑆𝑆 < 𝜋1𝑆𝑆𝑆, 𝜋2𝐶𝑆𝑆 > 𝜋2𝑆𝑆𝑆, 𝐶𝑆𝐶𝑆𝑆 < 𝐶𝑆𝑆𝑆𝑆, 𝑆𝑊𝐶𝑆𝑆 < 𝑆𝑊𝑆𝑆𝑆;

 (𝑥1𝐶𝑆𝐼−𝑞1𝐶𝑆𝐼) > (𝑥1𝑆𝑆𝐼−𝑞1𝑆𝑆𝐼), (𝑥2𝐶𝑆𝐼−𝑞2𝐶𝑆𝐼) < (𝑥2𝑆𝑆𝐼−𝑞2𝑆𝑆𝐼);𝜋1𝐶𝑆𝐼 < 𝜋1𝑆𝑆𝐼, 𝜋2𝐶𝑆𝐼 > 𝜋2𝑆𝑆𝐼, 𝐶𝑆𝐶𝑆𝐼 < 𝐶𝑆𝑆𝑆𝐼,𝑆𝑊𝐶𝑆𝐼 < 𝑆𝑊𝑆𝑆𝐼;
(𝑥1𝑆𝑆𝑃−𝑞1𝑆𝑆𝑃) > (𝑥1𝐶𝑆𝑃−𝑞1𝐶𝑆𝑃), (𝑥2𝑆𝑆𝑃−𝑞2𝑆𝑆𝑃) < (𝑥2𝐶𝑆𝑃−𝑞2𝐶𝑆𝑃);𝜋1𝐶𝑆𝑃 > 𝜋1𝑆𝑆𝑃, 𝜋2𝐶𝑆𝑃 > 𝜋2𝑆𝑆𝑃, 𝐶𝑆𝐶𝑆𝑃 < 𝐶𝑆𝑆𝑆𝑃, 𝑆𝑊𝐶𝑆𝑃 < 𝑆𝑊𝑆𝑆𝑃. 

Corollary 3 shows that in the three cases, the excess capacity of Enterprise 1 and the profit of 

Enterprise 2 are higher under Cournot than Stackelberg competition, while the excess capacity, 

consumer surplus, and social welfare of Enterprise 2 are higher under Stackelberg competition. 

Enterprise 1’s profit is more complex than the above. It is higher under the Stackelberg competition in 

Model SSS and Model SSI but changes after the emergence of the shared manufacturing enterprise. 

Hence, shared manufacturing enterprises will not only affect the degree of excess capacity, corporate 

profits, consumer surplus, and social welfare but also have an impact on the enterprises’ competition 

mode selection. 

4 Conclusion 
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This study examines the market equilibrium results in the three scenarios under Cournot and 

Stackelberg competitions and investigates the effects of product differentiation and capacity sharing. 

The main conclusions are summarized as follows. 

First, capacity constraints affect the relationship between product differentiation and equilibrium 

results, thereby having an impact on the market share of enterprises. Under Cournot competition, 

consumer surplus changes from positive and then negative to an always positive correlation with 𝑟. 

When 𝑟 increases, the output of Enterprise 2 is reduced owing to its capacity constraints, thereby 

increasing consumer surplus. Under Stackelberg competition, only when 𝑟  is at a high level and 

Enterprise 2’s capacity is seriously insufficient will Enterprise 1 still increase its capacity and output 

with an increase in 𝑟 to occupy Enterprise 2’s market share and increase profit. Hence, when the 

capacity constraint is lower than a certain threshold, it promotes the governance of excess capacity and 

the improvement of consumer surplus. However, when the capacity constraint is more serious, it 

threatens the survival and development of enterprises with insufficient capacity. 

Second, the introduction of a shared manufacturing enterprise affects the degree of excess capacity, 

corporate profits, consumer surplus, and social welfare. Under the restriction that platform and 

Enterprise 2 are both profitable, shared manufacturing enterprises can exist and have an impact on 

equilibrium results. Under Cournot competition, after introducing a shared manufacturing enterprise, 

the degree of excess capacity, consumer surplus, and social welfare are higher than that of Enterprise 2, 

which has insufficient capacity without a shared manufacturing enterprise. However, under Stackelberg 

competition, the results are reversed. According to the results, the government should conduct an 

analysis before designing and issuing policies to support the development of the shared manufacturing 

enterprise. 

Third, the competition mode affects the equilibrium results, and the difference in the equilibrium 

results further influences the decision in the competition mode. Under the two cases of competition with 

sufficient capacity and capacity constraints and in the absence of a shared manufacturing enterprise, the 

profit of Enterprise 1 under Stackelberg competition is higher than under Cournot competition. 

However, after the emergence of a shared manufacturing enterprise, the situation may change. Under 

Cournot competition, enterprises with capacity constraints can obtain a favorable competitive situation 

and higher profit, regardless of whether a shared manufacturing enterprise is introduced or not. The 

results provide a reference for enterprises to select a competition mode according to the choice of 

competitors from the perspective of strategy, considering capacity constraints and shared manufacturing 

enterprises.  

APPENDIX A 

Proof of Proposition 1 
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The effects of 𝑟: 𝜕𝑥𝑖𝐶𝑆𝑆𝜕𝑟 =
16(𝑎−𝑏)(3𝑟2+8𝑟−16)

(32+16𝑟−4𝑟2−𝑟3)2 < 0 ; 
𝜕𝑞𝑖𝐶𝑆𝑆𝜕𝑟 =

(64𝑟+32𝑟2−256−𝑟4)(𝑎−𝑏)

(32+16𝑟−4𝑟2−𝑟3)2 < 0 ; 
𝜕(𝑥𝑖𝐶𝑆𝑆−𝑞𝑖𝐶𝑆𝑆)𝜕𝑟 =

𝑟(𝑟3+16𝑟+64)(𝑎−𝑏)

(32+16𝑟−4𝑟2−𝑟3)2 > 0; 
𝜕𝜋𝑖𝐶𝑆𝑆𝜕𝑟 =

4[(𝑟6−48𝑟4−64𝑟3+384𝑟2−2048)(𝑎−𝑏)2]
(32+16𝑟−4𝑟2−𝑟3)3 < 0.  

𝜕𝐶𝑆𝐶𝑆𝑆𝜕𝑟 =
(𝑟6−2𝑟5−48𝑟4−64𝑟3+640𝑟2+1536𝑟−2048)𝑟(𝑎−𝑏)2

(32+16𝑟−4𝑟2−𝑟3)3 , if 0 < 𝑟 ≤ 0.99, then
𝜕𝐶𝑆𝐶𝑆𝑆𝜕𝑟 < 0; if 0.99 <𝑟 < 1, then 

𝜕𝐶𝑆𝐶𝑆𝑆𝜕𝑟 > 0. 𝜕𝑆𝑊𝐶𝑆𝑆𝜕𝑟 =
(𝑟7+6𝑟6−48𝑟5−448𝑟4+128𝑟3+4608𝑟2−2048𝑟−16384)(𝑎−𝑏)2

(32+16𝑟−4𝑟2−𝑟3)3 < 0.  

APPENDIX B 

Proof of Proposition 2 

(1) The effects of 𝑟: 𝜕𝑥1𝐶𝑆𝐼𝜕𝑟 =
16[(3𝑟4−16𝑟3−32𝑟2+256𝑟−128)(𝑎−𝑏)+2(3𝑟4−32𝑟2−128)𝑘]

(𝑟4−32𝑟2+128)2 < 0, 
𝜕𝑥2𝐶𝑆𝐼𝜕𝑟 = 0; 

𝜕𝑞1𝐶𝑆𝐼𝜕𝑟 = − (𝑟6−8𝑟5−16𝑟4+256𝑟3+128𝑟2−3072𝑟+2048)(𝑎−𝑏)+2(𝑟6−16𝑟4+128𝑟2+2048)𝑘
(𝑟4−32𝑟2+128)2 < 0; 

𝜕𝑞2𝐶𝑆𝐼𝜕𝑟 = − (𝑟6−8𝑟5−16𝑟4+128𝑟3+128𝑟2−1024𝑟+2048)(𝑎−𝑏)−16(𝑟5−16𝑟3+128𝑟)𝑘
(𝑟4−32𝑟2+128)2 < 0; 

𝜕𝜋1𝐶𝑆𝐼𝜕𝑟 = − 4[(𝑟5−12𝑟4+32𝑟3+128𝑟2−640𝑟+512)(𝑎−𝑏)2+4(𝑟5−6𝑟4+64𝑟2−128𝑟+256)(𝑎−𝑏)𝑘+4(𝑟5−128𝑟)𝑘2]
(𝑟4−32𝑟2+128)2 <

0; 

𝜕𝜋2𝐶𝑆𝐼𝜕𝑟 =

4[ (𝑟9−12𝑟8+352𝑟6−384𝑟5−4096𝑟4+8192𝑟3+12288𝑟2−65536𝑟+65536)(𝑎−𝑏)2−8(3𝑟8−16𝑟7−88𝑟6+384𝑟5+1024𝑟4−4096𝑟3−3072𝑟2+16384𝑟−16384)(𝑎−𝑏)𝑘+128(𝑟7−24𝑟5+256𝑟3−1024𝑟)𝑘2 ]
−(𝑟4−32𝑟2+128)3 < 0;  

𝜕(𝑥1𝐶𝑆𝐼−𝑞1𝐶𝑆𝐼)𝜕𝑟 =
𝑟[(𝑟5−8𝑟4+32𝑟3−384𝑟+1024)(𝑎−𝑏)+2𝑟𝑘(𝑟4+32𝑟2−384)]

(𝑟4−32𝑟2+128)2 > 0; 𝜕(𝑥2𝐶𝑆𝐼−𝑞2𝐶𝑆𝐼)𝜕𝑟 =
(𝑟6−8𝑟5−16𝑟4+128𝑟3+128𝑟2−1024𝑟+2048)(𝑎−𝑏)−16(𝑟5−16𝑟3+128𝑟)𝑘

(𝑟4−32𝑟2+128)2 > 0;  

𝜕𝐶𝑆𝐶𝑆𝐼𝜕𝑟 =

(𝑟10−14𝑟9+24𝑟8+384𝑟7−1184𝑟6−4608𝑟5+15872𝑟4+20480𝑟3−86016𝑟2+98304𝑟−65536)(𝑎−𝑏)2+2(𝑟10−14𝑟9+24𝑟8+256𝑟7−1184𝑟6−768𝑟5+15872𝑟4−16384𝑟3−86016𝑟2+131072𝑟−65536)(𝑎−𝑏)𝑘−4(7𝑟9−128𝑟7+384𝑟5+8192𝑟3−65536𝑟)𝑘2−(𝑟4−32𝑟2+128)3 >

0; 

𝜕𝑆𝑊𝐶𝑆𝐼𝜕𝑟 =

(𝑟10−6𝑟9−72𝑟8+384𝑟7−2272𝑟6−12288𝑟5−20992𝑟4+151552𝑟3−36864𝑟2−491520𝑟+458752)(𝑎−𝑏)2+2(𝑟10−6𝑟9−72𝑟8+25𝑟7−2272𝑟6−6912𝑟5−20992𝑟4+81920𝑟3−36864𝑟2−262144𝑟+458752)(𝑎−𝑏)𝑘−4(3𝑟9−128𝑟7+3456𝑟5−40960𝑟3+131072𝑟)𝑘2−(𝑟4−32𝑟2+128)3 <

0. 
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(2) The effects of 𝑘: 𝜕𝑥1𝐶𝑆𝐼𝜕𝑘 =
−32𝑟𝑟4−32𝑟2+128 < 0,

𝜕𝑥2𝐶2𝜕𝑘 = 1 > 0; 
𝜕𝑞1𝐶𝑆𝐼𝜕𝑘 =

2𝑟(𝑟2−16)𝑟4−32𝑟2+128 < 0, 
𝜕𝑞2𝐶2𝜕𝑘 =

−8(𝑟2−8)𝑟4−32𝑟2+128 > 0; 

𝜕𝜋1𝐶𝑆𝐼𝜕𝑘 =
8𝑟[(𝑎−𝑏)(𝑟−4)+2𝑘𝑟]𝑟4−32𝑟2+128 < 0, 

𝜕𝜋2𝐶2𝜕𝑘 =

−2[16(𝑟5−4𝑟4−24𝑟3+64𝑟2+128𝑟−256)(𝑎−𝑏)+(𝑟8−64𝑟6+1152𝑟4−6144𝑟2+8192)𝑘 ]
(𝑟4−32𝑟2+128)2 > 0; 𝜕(𝑥1𝐶𝑆𝐼−𝑞1𝐶𝑆𝐼)𝜕𝑘 = − 2𝑟3𝑟4−32𝑟2+128 < 0,

𝜕(𝑥2𝐶2−𝑞2𝐶2)𝜕𝑘 =
𝑟4−24𝑟2+64𝑟4−32𝑟2+128 > 0; 𝜕𝐶𝑆𝐶𝑆𝐼𝜕𝑘 =

2[(𝑟7−7𝑟6−24𝑟5+176𝑟4+96𝑟3−1024𝑟2+512𝑟+1024)(𝑎−𝑏)−2(7𝑟6−176𝑟4+1024𝑟2−1024)𝑘]
(𝑟4−32𝑟2+128)2 > 0; 

𝜕𝑆𝑊𝐶𝑆𝐼𝜕𝑘 =

2[(𝑟7−3𝑟6−56𝑟5+112𝑟4+992𝑟3−1536𝑟2−3584𝑟+5120)(𝑎−𝑏)−(𝑟8−58𝑟6+1056𝑟4−5120𝑟2+6144)𝑘 ]
(𝑟4−32𝑟2+128)2 > 0. 

Appendix C 

Proof of Proposition 3 

𝜋2𝐶𝑆𝑃 − 𝜋2𝐶𝑆𝐼 =

{1024(𝑟8−8𝑟7−24𝑟6+256𝑟5+128𝑟4−2560𝑟3+1024𝑟2+8192𝑟−8192)𝐴2+64(𝑟11−4𝑟10−80𝑟9+288𝑟8+2304𝑟7−7168𝑟6−28673𝑟5+73728𝑟4+147456𝑟3−327680𝑟2−262144𝑟+524288)𝐴𝐵+128(𝑟11−4𝑟10−80𝑟9+288𝑟8+2176𝑟7−6656𝑟6−24576𝑟5+61440𝑟4+106496𝑟3−229376𝑟2−131072𝑟+262144)𝐴𝑘+(𝑟14−120𝑟12+5632𝑟10−131072𝑟8+1589248𝑟6−9830400𝑟4+29360128𝑟2−33554432)(𝐵+2𝑘)2}512(128−32𝑟2+𝑟4)2(8−𝑟2)

From 𝜋2𝐶𝑆𝑃 − 𝜋2𝐶𝑆𝐼 = 0, we can obtain: 𝑘1𝐶𝑆𝑃 =
(−32𝑟3+128𝑟2+512r−1024)𝐴+(−𝑟6+48𝑟4−640𝑟2+2048)𝐵2(𝑟6−48𝑟4+512𝑟2−1024)

;𝑘2𝐶𝑆𝑃 =
(−32𝑟5+128𝑟4+768𝑟3−2048𝑟2−4096𝑟+8192)𝐴+(−𝑟8+72𝑟6−1536𝑟4+9216𝑟2−16384)𝐵2(𝑟8−72𝑟6+1408𝑟4−7168𝑟2+8192)

. 

From  0 < 𝑋𝐶𝑆𝑃 <
13 𝑒 − 𝑄 , we derive 𝑘1𝐶𝑆𝑃 < 𝑘 < 𝑘2𝐶𝑆𝑃 , where 𝑘3𝐶𝑆𝑃 =− 96(𝑟3−4𝑟2−16𝑟+32)𝐴+(3𝑟6−144𝑟4+1664𝑟2−4096)𝐵+512(𝑟2−8)𝑄6(𝑟6−48𝑟4+512𝑟2−1024)

. Thus, 𝑘1𝐶𝑆𝑃 < 𝑘 < 𝑘3𝐶𝑆𝑃.

(1) The effects of 𝑟: 𝜕𝑥1𝐶𝑆𝑃𝜕𝑟 =
64𝐴𝑟−(𝐵+2𝑘)(𝑟4−8𝑟2+128)8(𝑟2−8)2 > 0; 

𝜕𝑥2𝐶𝑆𝑃𝜕𝑟 =
(1024−64𝑟2+8𝑟4)𝐴+(𝐵+2𝑘)(𝑟7−36𝑟5+384𝑟3−1536𝑟)64(𝑟2−8)2 > 0; 𝜕𝑞1𝐶𝑆𝑃𝜕𝑟 =
512𝐴𝑟+(𝐵+2𝑘)(3𝑟6−72𝑟4+512𝑟2−2048)128(𝑟2−8)2 < 0, 

𝜕𝑞2𝐶𝑆𝑃𝜕𝑟 = − (𝐵+2𝑘)𝑟16 < 0; 

𝜕𝜋1𝐶𝑆𝑃𝜕𝑟 =

163843𝐴2𝑟3+32(𝐵+2𝑘)(3𝑟8−104𝑟6+1280𝑟4−9216𝑟2+16384)+(𝐵+2𝑘)2(3𝑟11−168𝑟9+3456𝑟7−33792𝑟5+163840𝑟3−262144𝑟)4096(𝑟2−8)3 < 0; 
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𝜕𝜋2𝐶𝑆𝑃𝜕𝑟 = − 16𝐴(𝐵+2𝑘)(𝑟4−128𝑟2+2048)+(𝐵+2𝑘)2(𝑟7−40𝑟5+448𝑟3−2048)128(𝑟2−8)2 < 0; 

𝜕(𝑥1𝐶𝑆𝑃−𝑞1𝐶𝑆𝑃)𝜕𝑟 =
𝑟[512𝐴−(𝐵+2𝑘)(3𝑟5−56𝑟3+384𝑟)]128(𝑟2−8)2 > 0; 𝜕(𝑥2𝐶𝑆𝑃−𝑞2𝐶𝑆𝑃)𝜕𝑟 =
(1024−64𝑟2+8𝑟4)𝐴−(𝐵+2𝑘)(𝑟7−32𝑟5+320𝑟3−1280𝑟)64(𝑟2−8)2 > 0; 

𝜕𝐶𝑆𝐶𝑆𝑃𝜕𝑟 =

16384𝐴2𝑟(𝑟2−16)−32(9𝑟8−280𝑟6+3200𝑟4−18432𝑟2+32768)𝐴(𝐵+2𝑘)−(21𝑟10−1080𝑟8+21248𝑟6−202752𝑟4+96656𝑟2−1835008)(𝐵+2𝑘)2𝑟16384(𝑟2−8)3 > 0; 

𝜕𝑆𝑊𝐶𝑆𝑃𝜕𝑟 =

16384(5𝑟2−16)𝐴2𝑟+32(3𝑟8−200𝑟6+2944𝑟4−30720𝑟2+98304)𝐴(𝐵+2𝑘)−(9𝑟10−280𝑟8+1280𝑟6+30720𝑟4−409600𝑟2+1310720)(𝐵+2𝑘)2𝑟16384(𝑟2−8)3 < 0. 

(2) The effects of 𝑘: 𝜕𝑥1𝐶𝑆𝑃𝜕𝑘 = − 𝑟(𝑟2−16)4(𝑟2−8)
< 0, 

𝜕𝑥3𝐶𝑆𝑃𝜕𝑘 =
𝑟6−48𝑟4+640𝑟2−2048128(𝑟2−8)

> 0; 𝜕𝑞1𝐶𝑆𝑃𝜕𝑘 =
𝑟(𝑟4−32𝑟2+256)64(𝑟2−8)

< 0,
𝜕𝑞2𝐶𝑆𝑃𝜕𝑘 = − 116 𝑟2 + 1 > 0; 

𝜕𝜋1𝐶𝑆𝑃𝜕𝑘 =
𝑟[32(𝑟6−48𝑟4+640𝑟2−2048)𝐴+(𝐵+2𝑘)(𝑟9−64𝑟7+1408𝑟5−12288𝑟3+32768𝑟)]2048(𝑟2−8)2 < 0; 

𝜕𝜋2𝐶𝑆𝑃𝜕𝑘 =
32𝐴(𝑟3−4𝑟2−16𝑟+32)+(𝐵+2𝑘)(𝑟6−56𝑟4+640𝑟2−1024)128(8−𝑟2)

> 0; 𝜕(𝑥1𝐶𝑆𝑃−𝑞1𝐶𝑆𝑃)𝜕𝑘 = − 𝑟3(𝑟2−16)64(𝑟2−8)
< 0, 

𝜕(𝑥2𝐶𝑆𝑃−𝑞2𝐶𝑆𝑃)𝜕𝑘 =
𝑟6−40𝑟4+448𝑟2−1024128(𝑟2−8)

> 0; 

𝜕𝐶𝑆𝐶𝑆𝑃𝜕𝑘 =
32𝐴𝑟(4096−1280𝑟2+112𝑟4−3𝑟6)−(𝐵+2𝑘)(7𝑟10−400𝑟8+8448𝑟6−78848𝑟4+294912𝑟2−262144)8192(𝑟2−8)2 > 0;

𝜕𝑆𝑊𝐶𝑆𝑃𝜕𝑘 =

32𝐴(𝑟7−144𝑟5+256𝑟4+2816𝑟3−4096𝑟2−12288𝑟+16384)−(𝐵+2𝑘)(3𝑟10−80𝑟8−1280𝑟6+39936𝑟4−229376𝑟2+262144)8192(𝑟2−8)2 > 0. 

Appendix D 

Proof of Proposition 4 

The effects of 𝑟: 𝜕𝑥1𝑆𝑆𝑆𝜕𝑟 = − 4[(7𝑟6−42𝑟5−96𝑟4+448𝑟3+192𝑟2−1536𝑟+1024)(𝑎−𝑏)]
(7𝑟4−72𝑟2+128)2  , if 0 < 𝑟 ≤ 0.99, then 

𝜕𝑥1𝑆𝑆𝑆𝜕𝑟 ≤ 0; if 

0.99 < 𝑟 < 1, then 
𝜕𝑥1𝑆𝑆𝑆𝜕𝑟 > 0; 𝜕𝑥2𝑆SS𝜕𝑟 = − 2[(7𝑟6−48𝑟5−264𝑟4+768𝑟3+768𝑟2−3072𝑟+2048)(𝑎−𝑏)]

(7𝑟4−72𝑟2+128)2 < 0;𝜕𝑞1𝑆𝑆𝑆𝜕𝑟 = − 4[(7𝑟6−42𝑟5−96𝑟4+448𝑟3+192𝑟2−1536𝑟+1024)(𝑎−𝑏)]

(𝑟2−8)2(7𝑟2−16)2  , if 0 < 𝑟 ≤ 0.99, then 
𝜕𝑞1𝑆1𝜕𝑟 ≤ 0; if 

0.99 < 𝑟 < 1, then 
𝜕𝑞1𝑆1𝜕𝑟 > 0.

𝜕𝑞2𝑆𝑆𝑆𝜕𝑟 = − 4[(7𝑟2−20𝑟+16)(𝑎−𝑏)]

(7𝑟2−16)2 < 0; 
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𝜕𝜋1𝑆𝑆𝑆𝜕𝑟 =
8[(21𝑟10−67𝑟9−444𝑟8+1360𝑟7+3648𝑟6−12288𝑟5−12544𝑟4+55296𝑟3−98304𝑟+65536)(𝑎−𝑏)2]

(𝑟2−8)(16−7𝑟2)(7𝑟4−72𝑟2+128)2 < 0; 

𝜕𝜋2𝑆𝑆𝑆𝜕𝑟 =
−2[(49𝑟10+84𝑟9−1680𝑟8−160𝑟7+18624𝑟6−23040𝑟5−76800𝑟4+180224𝑟3+49152𝑟2−39316𝑟+262144 )(𝑎−𝑏)2]

(𝑟2−8)3(7𝑟2−16)3 < 0; 

𝜕(𝑥1𝑆𝑆𝑆−𝑞1𝑆𝑆𝑆)𝜕𝑟 = 0，
𝜕(𝑥2𝑆𝑆𝑆−𝑞2𝑆𝑆𝑆)𝜕𝑟 =

2𝑟[(7𝑟5+8𝑟4+72𝑟3−128𝑟2−384𝑟+512)(𝑎−𝑏)]
(𝑟2−8)2(7𝑟2−16)2 > 0; 

𝜕𝐶𝑆𝑆𝑆𝑆𝜕𝑟 =
−8[(7𝑟10−90𝑟9−162𝑟8+1788𝑟7+608𝑟6−11712𝑟5+5760𝑟4+25600𝑟3−30720𝑟2+8192𝑟)(𝑎−𝑏)2]

(𝑟2−8)3(7𝑟2−16)3 , if 0 <𝑟 ≤ 0.408, then 
𝜕𝐶𝑆𝑆1𝜕𝑟 ≤ 0;if 0.408 < 𝑟 < 1, then 

𝜕𝐶𝑆𝑆1𝜕𝑟 > 0; 

𝜕𝑆𝑊𝑆𝑆𝑆𝜕𝑟 =
−2[(161𝑟10−544𝑟9−4104𝑟8+12432𝑟7+35648𝑟6−119040𝑟5−103936𝑟4+503808𝑟3−73728𝑟2−753664𝑟+524288 )(𝑎−𝑏)2]

(𝑟2−8)3(7𝑟2−16)3 < 0. 

Appendix E 

Proof of Proposition 5 

(1) The effects of 𝑟: 𝜕𝑥1𝑆𝑆𝐼𝜕𝑟 = − (𝑟2−8𝑟+4)(𝑎−𝑏)+2𝑘(𝑟2+4)2(𝑟2−4)2 , if 0 < 𝑘 <
(𝑎−𝑏)(4+8𝑟−𝑟2)2(𝑟2+4)

and 0 < 𝑟 < 4 − 2√3 , then 

𝜕𝑥1𝑆𝑆𝐼𝜕𝑟 < 0; if 0 < 𝑘 <
(𝑎−𝑏)(4+8𝑟−𝑟2)2(𝑟2+4)

and 4 − 2√3 < 𝑟 < 1, then 
𝜕𝑥1𝑆𝑆𝐼𝜕𝑟 > 0; if  

(𝑎−𝑏)(4+8𝑟−𝑟2)2(𝑟2+4)
<𝑘 <

(𝑎−𝑏)(𝑟4+4𝑟3−24𝑟2−64𝑟+128)2(7𝑟4−72𝑟2+128)
and 4 − 2√3 < 𝑟 < 1, then 

𝜕𝑥1𝑆𝑆𝐼𝜕𝑟 < 0. 

𝜕𝑥2𝑆𝑆𝐼𝜕𝑟  =0, 
𝜕𝑞1𝑆𝑆𝐼𝜕𝑟 = − (𝑟2−8𝑟+4)(𝑎−𝑏)+2𝑘(𝑟2+4)2(𝑟2−4)2 , if 0 < 𝑘 <

(𝑎−𝑏)(𝑟4+4𝑟3−24𝑟2−64𝑟+128)2(7𝑟4−72𝑟2+128)
 and 0 <𝑟 < 4 − 2√3, then 

𝜕𝑞1𝑆𝑆𝐼𝜕𝑟 < 0;if 0 < 𝑘 <
(𝑎−𝑏)(4+8𝑟−𝑟2)2(𝑟2+4)

and 4 − 2√3 < 𝑟 < 1, then 
𝜕𝑞1𝑆𝑆𝐼𝜕𝑟 > 0; if 

(𝑎−𝑏)(4+8𝑟−𝑟2)2(𝑟2+4)
< 𝑘 <

(𝑎−𝑏)(𝑟4+4𝑟3−24𝑟2−64𝑟+128)2(7𝑟4−72𝑟2+128)
and 4 − 2√3 < 𝑟 < 1, then 

𝜕𝑞1𝑆𝑆𝐼𝜕𝑟 < 0. 

𝜕𝑞2𝑆𝑆𝐼𝜕𝑟 = − (𝑟2−2𝑟+4)(𝑎−𝑏)−4𝑘𝑟2(𝑟2−4)2 < 0; 

𝜕𝜋1𝑆𝑆𝐼𝜕𝑟 = − [(𝑎−𝑏)2+2𝑘(𝑎−𝑏)]𝑟2−[5(𝑎−𝑏)2+4𝑘𝑟(𝑎−𝑏+𝑘)]+4(𝑎−𝑏)2+8𝑘(𝑎−𝑏)2(𝑟2−4)2 < 0; 

𝜕𝜋2𝑆𝑆𝐼𝜕𝑟 = − (𝑎−𝑏)2(𝑟4+2𝑟3−12𝑟2+32𝑟−32)+2𝑘[(𝑟4−4𝑟3−12𝑟2+32𝑟−32)(𝑎−𝑏)]+64𝑘2𝑟4(𝑟2−4)3 < 0; 

𝜕(𝑥1𝑆𝑆𝐼−𝑞1𝑆𝑆𝐼)𝜕𝑟 = 0, 
𝜕(𝑥2𝑆𝑆𝐼−𝑞2𝑆𝑆𝐼)𝜕𝑟 =

(𝑟2−2𝑟+4)(𝑎−𝑏)−4𝑘𝑟2(𝑟2−4)2 > 0; 

𝜕𝐶𝑆𝑆𝑆𝐼𝜕𝑟 = − (𝑎−𝑏)2(𝑟4−26𝑟3+36𝑟2−16𝑟+32)+2𝑘[(𝑟4+4𝑟3+36𝑟2−64𝑟+32)(𝑎−𝑏)]+8𝑘2𝑟(𝑟2−16)16(𝑟2−4)3 > 0; 

𝜕𝑆𝑊𝑆𝑆𝐼𝜕𝑟 = − (𝑎−𝑏)2(13𝑟4−58𝑟3−12𝑟2+272𝑟−224)+2𝑘[(13𝑟4−28𝑟3−12𝑟2+128𝑟−224)(𝑎−𝑏)]−8𝑘2𝑟(7𝑟2−32)16(𝑟2−4)3 < 0. 

(2) The effects of 𝑘: 
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𝜕𝑥1𝑆𝑆𝐼𝜕𝑘 =
𝑟𝑟2−4 < 0 , 

𝜕𝑥2𝑆𝑆𝐼𝜕𝑘 = 1 > 0 ;
𝜕𝑞1𝑆𝑆𝐼𝜕𝑘 =

𝑟𝑟2−4 < 0 ,
𝜕𝑞2𝑆𝑆𝐼𝜕𝑘 =

𝑟2−84(𝑟2−4)
> 0 ;

𝜕𝜋1𝑆𝑆𝐼𝜕𝑘 =

𝑟[(𝑎−𝑏)(𝑟−4)+2𝑘𝑟]4(4−𝑟2)
< 0,

𝜕𝜋2𝑆𝑆𝐼𝜕𝑘 = − (𝑎−𝑏)(𝑟4+4𝑟3−16𝑟2−32𝑟+64)−2𝑘(7𝑟4−48𝑟2+64)8(𝑟2−4)2 > 0;
𝜕(𝑥1𝑆𝑆𝐼−𝑞1𝑆𝑆𝐼)𝜕𝑘 = 0, 

𝜕(𝑥2𝑆𝑆𝐼−𝑞2𝑆𝑆𝐼)𝜕𝑘 =
8−3𝑟24(4−𝑟2)

> 0; 
𝜕𝐶𝑆𝑆𝑆𝐼𝜕𝑘 =

(𝑎−𝑏)(9𝑟4+4𝑟3−64𝑟2+32𝑟+64)+2𝑘(9𝑟4−64𝑟2+64)32(𝑟2−4)2 > 0 , 

𝜕𝑆𝑊𝑆𝑆𝐼𝜕𝑘 =
(𝑎−𝑏)(5𝑟4+52𝑟3−96𝑟2−224𝑟+320)−2𝑘(27𝑟4−160𝑟2+192)32(𝑟2−4)2 > 0. 

Appendix F 

Proof of Proposition 6 

𝜋2𝑆𝑆𝑃 − 𝜋2𝑆𝑆𝐼 =

−
(𝑟10+8𝑟9−40𝑟8−384𝑟7+576𝑟6+6656𝑟5−4608𝑟4−49152𝑟3+32768𝑟2+131072𝑟+131072)𝐴2−16(𝑟10+4𝑟9−48𝑟8−160𝑟7+848𝑟6+2112𝑟5−6784𝑟4−10240𝑟3+24576𝑟2+16384𝑟−32768)𝐴𝐵−(28𝑟10+112𝑟9−1312𝑟8−4352𝑟7+22272𝑟6+54272𝑟5−165888𝑟4−229376𝑟3+524288𝑟2+262144𝑟−524288)𝐴𝑘+64(𝑟10−𝑟8−64𝑟6+1152𝑟4−6144𝑟2+8192)𝐵𝑘+4(49𝑟10−1848𝑟8+21440𝑟6−100864𝑟4+196608𝑟2−131072)𝑘232(𝑟2−8)2(𝑟2−16)2(𝑟2−4)2

From  𝜋2𝑆𝑆𝑃 − 𝜋2𝑆𝑆𝐼 = 0, we can obtain: 𝑘1𝑆𝑆𝑃 =
(𝑟4+4𝑟3−24𝑟2−64𝑟+128)𝐴−8(𝑟4−12𝑟2+32)𝐵2(7𝑟4−72𝑟2+128)

;𝑘2𝑆𝑆𝑃 =
(𝑟6+4𝑟5−32𝑟4−96𝑟3+320𝑟2+512𝑟−1024)𝐴−8(𝑟6−28𝑟4+160𝑟2−256)𝐵2(7𝑟6−192𝑟4+960𝑟2−1024)

;

If 𝜋2𝑆𝑆𝑃 − 𝜋2𝑆𝑆𝐼 > 0, then 𝑘1𝑆𝑆𝑃 < 𝑘 < 𝑘2𝑆𝑆𝑃 .

From 0 < X <
13 𝑒 − 𝑄, we can derive 𝑘 < 𝑥2𝑆𝑆𝑃and 𝑘 < 𝑥2𝑆𝑆𝑆, thus 𝑘1𝑆𝑆𝑃 < 𝑘 < 𝑘3𝑆𝑆𝑃. 

(1) The effects of 𝑟: 𝜕𝑥1𝑆𝑆𝑃𝜕𝑟 =
4[2(𝑟5−32𝑟3+256𝑟)𝐴−(8𝑟6−768𝑟2+4096)(𝐵+2𝑘)]

(𝑟4−24𝑟2+128)2 < 0; 

𝜕𝑥2𝑆𝑆𝑃𝜕𝑟 =
2[(𝑟6−24𝑟4+2048)𝐴−48(𝑟5−16𝑟3+64)(𝐵+2𝑘)]

(𝑟4−24𝑟2+128)2 > 0; 

𝜕𝑞1𝑆𝑆𝑃𝜕𝑟 =
4[2(𝑟5−32𝑟3+256𝑟)𝐴−(𝑟6−192𝑟2+1024)(𝐵+2𝑘)]

(𝑟2−8)2(𝑟2−16)2 < 0, 
𝜕𝑞2𝑆𝑆𝑃𝜕𝑟 = − 16𝑟(𝐵+2𝑘)

(𝑟2−16)2 < 0; 

𝜕𝜋1𝑆𝑆𝑃𝜕𝑟 =

8{(𝑟9−48𝑟7+788𝑟5−4096𝑟3)𝐴2−(𝑟10−12𝑟8−448𝑟6−8960𝑟4+49152𝑟2−65536)𝐴(𝐵+2𝑘)+4(7𝑟9−184𝑟7+1728𝑟5−6656𝑟3+8768𝑟)(𝐵+2𝑘)2}

(𝑟2−8)3(𝑟2−16)3 < 0;

𝜕𝜋2𝑆𝑆𝑃𝜕𝑟 =

−2(𝑟8−40𝑟6+384𝑟4+2048𝑟2−32768)𝐴𝐵−4(𝑟8−40𝑟6+384𝑟4+2048𝑟2−32768)𝑘𝐴+32(𝑟7−48𝑟5+576𝑟3−2048𝑟)𝐵2+128(𝑟7−48𝑟5+576𝑟3−2048𝑟)𝑘(𝐵+𝑘)

(𝑟2−8)2(𝑟2−16)3 < 0; 

𝜕(𝑥1𝑆𝑆𝑃−𝑞1𝑆𝑆𝑃)𝜕𝑟 = 0, 
𝜕(𝑥2𝑆𝑆𝑃−𝑞2𝑆𝑆𝑃)𝜕𝑟 =

2(𝑟6−24𝑟4+1024)𝐴−80(𝑟5−16𝑟3+64𝑟)(𝐵+2𝑘)

(𝑟2−8)2(𝑟2−16)2 < 0;  

𝜕𝐶𝑆𝑆𝑆𝑃𝜕𝑟 = − 4{8(𝑟7−48𝑟5+768𝑟3−4096𝑟)𝐴2−(𝑟10−12𝑟8−448𝑟6−8960𝑟4+49152𝑟2−65536)𝐴(𝐵+2𝑘)+56(𝑟9−28𝑟7+288𝑟5−1280𝑟3+2048𝑟)(𝐵+2𝑘)2 }
(𝑟2−8)3(𝑟2−16)3 > 0; 
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𝜕𝑆𝑊𝑆𝑆𝑃𝜕𝑟 =

2{ 4(𝑟9−52𝑟7+960𝑟5−7168𝑟3+16384𝑟)𝐴2−3(𝑟10−24𝑟8−64𝑟6+5632𝑟4−49152𝑟2+131072)𝐴(𝐵+2𝑘)+16(𝑟9−44𝑟7+672𝑟5−4352𝑟3+10240𝑟)(𝐵+2𝑘)2 }
(𝑟2−8)3(𝑟2−16)3 < 0. 

(2) The effects of 𝑘: 𝜕𝑥1𝑆𝑆𝑃𝜕𝑘 =
8𝑟𝑟2−16 < 0,

𝜕𝑥3𝑆𝑆𝑃𝜕𝑘 =
8(𝑟2−4)𝑟2−16 > 0;

𝜕𝑞1𝑆𝑆𝑃𝜕𝑘 =
8𝑟𝑟2−16 < 0 ,

𝜕𝑞2𝑆𝑆𝑃𝜕𝑘 =
2𝑟2−16𝑟2−16 > 0; 𝜕𝜋1𝑆𝑆𝑃𝜕𝑘 =

16{𝑟(𝑟4−20𝑟2+64)𝐴−𝑟2(𝑟4−12𝑟2+32)(𝐵+2𝑘)}
(𝑟2−8)(𝑟2−16)2 < 0; 

𝜕𝜋2𝑆𝑆𝑃𝜕𝑘 =
{(𝑟6+4𝑟5−40𝑟4−128𝑟3+512𝑟2+1024𝑟−2048)𝐴−(7𝑟6−216𝑟4+1536𝑟2−2048)(𝐵+2𝑘)}

(𝑟2−8)(𝑟2−16)2 > 0; 

𝜕(𝑥1𝑆𝑆𝑃−𝑞1𝑆𝑆𝑃)𝜕𝑘 = 0, 
𝜕(𝑥3𝑆𝑆𝑃−𝑞2𝑆𝑆𝑃)𝜕𝑘 =

2(3𝑟2−8)𝑟2−16 > 0; 𝜕𝐶𝑆𝑆𝑆𝑃𝜕𝑘 = − 2{4𝑟(𝑟4−20𝑟2+64)𝐴−(9𝑟6−136𝑟4+576𝑟2−512)(𝐵+2𝑘)}
(𝑟2−8)(𝑟2−16)2 < 0;  

𝜕𝑆𝑊𝑆𝑆𝑃𝜕𝑘 =
{(𝑟4+12𝑟3−32𝑟2−192𝑟+256)𝐴−(5𝑟4−96𝑟2+128)(𝐵+2𝑘)}

(𝑟2−16)2 > 0.  

Appendix G 

Proof of Corollary 1, Corollary 2 and Corollary 3 

(1) Comparison of different cases under the Cournot competition: 

(𝑥1𝐶𝑆𝑃−𝑞1𝐶𝑆𝑃) − (𝑥1𝐶𝑆𝑆−𝑞1𝐶𝑆𝑆) =
𝑟3[32(16−𝑟2)𝐴−(𝑟5+𝑟4−32𝑟3−96𝑟2+256𝑟+512)(𝐵+2𝑘)]128(𝑟2−8)(𝑟3+4𝑟2−16𝑟−32)

> 0; 

(𝑥1𝐶𝑆𝑃−𝑞1𝐶𝑆𝑃) − (𝑥1𝐶𝑆𝐼−𝑞1𝐶𝑆𝐼) = − 𝑟3[32(𝑟3−4𝑟2−16𝑟+32)𝐴+(𝑟6−48𝑟4+640𝑟2−2048)(𝐵+2𝑘)]128(𝑟2−8)(𝑟4−32𝑟2+128)
< 0;

(𝑥1𝐶𝑆𝐼−𝑞1𝐶𝑆𝐼) − (𝑥1𝐶𝑆𝑆−𝑞1𝐶𝑆𝑆) = − 2𝑟3[16𝐴+(𝑟3+4𝑟2−16𝑟−32)𝑘]
(𝑟3+4𝑟2−16𝑟−32)(𝑟4−32𝑟2+128)

> 0; 

(𝑥2𝐶𝑆𝑃−𝑞2𝐶𝑆𝑃) − (𝑥2𝐶𝑆𝑆−𝑞2𝐶𝑆𝑆) =

{32(𝑟6−40𝑟4+448𝑟2−1024)𝐴+(𝑟9+4𝑟8−56𝑟7−192𝑟6+1088𝑟5+3072𝑟4−8192𝑟3−18432𝑟2+16384𝑟+32768 )(𝐵+2𝑘)}256(𝑟2−8)(𝑟3+4𝑟2−16𝑟−32)
< 0;  

(𝑥2𝐶𝑆𝑃−𝑞2𝐶𝑆𝑃) − (𝑥2𝐶𝑆𝐼−𝑞2𝐶𝑆𝐼) =

{32(𝑟7−4𝑟6−40𝑟5+128𝑟4+448𝑟3−1024𝑟2−1024𝑟+2048)𝐴+(𝑟10−72𝑟8+1856𝑟6−20480𝑟4+90112𝑟2−131072)(𝐵+2𝑘)}256(𝑟2−8)(𝑟4−32𝑟2+128)
> 0; 

(𝑥2𝐶𝑆𝐼−𝑞2𝐶𝑆𝐼) − (𝑥2𝐶𝑆𝐼−𝑞2𝐶𝑆𝐼) =

{16(𝑟4−24𝑟2+64)𝐴−(𝑟7+4𝑟6−40𝑟5−128𝑟4+448𝑟3+1024𝑟2−1024𝑟−2048)𝑘}

(𝑟3+4𝑟2−16𝑟−32)(𝑟4−32𝑟2+128)
<0; 𝜋1𝐶𝑆𝑃 − 𝜋1𝐶𝑆𝑃 =

𝑟⎩⎪⎨
⎪⎧ 1024𝐴2(𝑟9+8𝑟8−64𝑟7−448𝑟6+1408𝑟5+8192𝑟4−12288𝑟3−57344𝑟2+32768𝑟+131072)+64𝐴(𝐵+2𝑘)(𝑟12+8𝑟11−64𝑟10−576𝑟9+1408𝑟8+15360𝑟7−11264𝑟6−188416𝑟5−16384𝑟4+1048576𝑟3+655360𝑟2−2097152𝑟−2097152 )+(𝑟15+8𝑟14−80𝑟13−704𝑟12+2432𝑟11+24576𝑟10−33792𝑟9−434176𝑟8+163840𝑟7+4063232𝑟6+917504𝑟5−18874368𝑟4−12582912𝑟3+33554432𝑟2+33554432𝑟 )(𝐵+2𝑘)2⎭⎪⎬

⎪⎫
8192(𝑟2−8)2(𝑟3+4𝑟2−16𝑟−32)2 > 0; 



25

𝜋1𝐶𝑆𝑃 − 𝜋1𝐶𝑆𝐼 =

𝑟⎩⎪⎨
⎪⎧ 1024𝐴2(𝑟7−80𝑟5+128𝑟4+1280𝑟3−2048𝑟2−5120𝑟+8192)+64𝐴𝐵(𝑟10−80𝑟8+2304𝑟6−28672𝑟4+147456𝑟2−262144)+128𝐴𝑘(𝑟10−80𝑟8+2304𝑟6−512𝑟5−26624𝑟4+8192𝑟3+114688𝑟2−32768𝑟−131072)+(𝑟13−96𝑟11+3584𝑟9−65536𝑟7+606208𝑟5−2621440𝑟3+4194304𝑟)(𝐵+2𝑘)2 ⎭⎪⎬

⎪⎫
8192(𝑟2−8)2(𝑟4−32𝑟2+128)

< 0;

𝜋1𝐶𝑆𝐼 − 𝜋1𝐶𝑆𝑆 =

8𝑟{16𝐴2(𝑟4−32𝑟2+16𝑟+128)+𝐴𝑘(𝑟7+4𝑟6−48𝑟5−128𝑟4+768𝑟3+1024𝑟2−3072𝑟−4096)+(𝑟7+8𝑟6−16𝑟5−192𝑟4+1024𝑟2+1024𝑟)𝑘2 }
(𝑟3+4𝑟2−16𝑟−32)2(𝑟4−32𝑟2+128)

> 0; 

𝜋2𝐶𝑆𝑃 − 𝜋2𝐶𝑆𝑆 =

1024𝐴2(𝑟6−40𝑟4+384𝑟2−1024)+64𝐴(𝐵+2𝑘)( 𝑟9+4𝑟8−64𝑟7−224𝑟6+1280𝑟5+3584𝑟4−9216𝑟3−20480𝑟2+16384𝑟+32768)+𝐵2(𝑟12+8𝑟11−72𝑟10−640𝑟9+1664𝑟8+17920𝑟7−13312𝑟6−221184𝑟5−24576𝑟4+1179648𝑟3+786432𝑟2−2097152𝑟−2097152 )+4𝑘(𝐵+𝑘)(𝑟12+8𝑟11−72𝑟10−640𝑟9+1536𝑟8+16896𝑟7−10240𝑟6−188416𝑟5−40960𝑟4+851968𝑟3+655360𝑟2−1048576𝑟−1048576 )−512(𝑟3+4𝑟2−16𝑟−32)2(𝑟2−8)
< 0 ;  

𝜋2𝐶𝑆𝑃 − 𝜋2𝐶𝑆𝐼 =

1024(𝑟8−8𝑟7−24𝑟6+256𝑟5+128𝑟4−2560𝑟3+1024𝑟2+8192𝑟−8192)𝐴2+64(𝑟11−4𝑟10−80𝑟9+288𝑟8+2304𝑟7−7168𝑟6−28673𝑟5+73728𝑟4+147456𝑟3−327680𝑟2−262144𝑟+524288 )𝐴(𝐵+2𝑘)+(𝑟14−120𝑟12+5632𝑟10+131072𝑟8+1589248𝑟6−9830400𝑟4+29360128𝑟2−33554432 )(𝐵+2𝑘)2512(128−32𝑟2+𝑟4)2(8−𝑟2)
> 0;

𝜋2𝐶𝑆𝐼 − 𝜋2𝐶𝑆𝑆 = −
256𝐴2(𝑟8−48𝑟6+640𝑟4−4096𝑟2+8192)+32𝐴𝑘(𝑟11+4𝑟10−72𝑟9−256𝑟8+1792𝑟7+5376𝑟6−19456𝑟5−49152𝑟4+90112𝑟3+196608𝑟2−131072𝑟−262144 )+(𝑟14+8𝑟13−80𝑟12−704𝑟11+2176𝑟10+22528𝑟9−23552𝑟8−335872𝑟7+40960𝑟6+2424832𝑟5+1048576𝑟4−6291456𝑟2+8388608 )𝑘2

(𝑟3+4𝑟2−16𝑟−32)2(𝑟4−32𝑟2+128)2 < 0; 

𝐶𝑆𝐶𝑆𝑃 − 𝐶𝑆𝐶𝑆𝑆 =

1024𝐴2(𝑟10−24𝑟9−80𝑟8+1088𝑟7+2304𝑟6−17408𝑟5−29696𝑟4+114688𝑟3+163840𝑟2−262144𝑟−262144 )−64𝐴(𝐵+2𝑘)( 3𝑟13+24𝑟12−160𝑟11−1472𝑟10+3072𝑟9+34816𝑟8−21504𝑟7−393216𝑟6−49152𝑟5+2097152𝑟4+1310720𝑟3−4294304𝑟2−4294304𝑟)−(7𝑟16+56𝑟15−512𝑟14−4544𝑟13+14848𝑟12+151552𝑟11−206848𝑟10−2662400𝑟9+1146880𝑟8+26148864𝑟7+3670016𝑟6−139460608𝑟5−76546048𝑟4+352321536𝑟3+301989888𝑟2−268435456𝑟−268435456 )(𝐵+2𝑘)232768(𝑟3+4𝑟2−16𝑟−32)2(𝑟2−8)2 <

0; 𝐶𝑆𝐶𝑆𝑃 − 𝐶𝑆𝐶𝑆𝐼 =1024𝐴2( 𝑟12−32𝑟11+128𝑟10+1280𝑟9−6656𝑟8−17408𝑟7+108544𝑟6+81920𝑟5−753664𝑟4+65536𝑟3+2097152𝑟2−1048576𝑟−1048576)−64𝐴𝐵(3𝑟15−304𝑟13+12288𝑟11−253952𝑟9+2867200𝑟7−17563648𝑟5+54525952𝑟3−67108864𝑟)−128𝐴𝑘(3𝑟15−304𝑟13+12288𝑟11−3584𝑟10−274432𝑟9+147456𝑟8+3145728𝑟7−2195456𝑟6−18874368𝑟5+1468006𝑟4+534777376𝑟3−41943040𝑟2−5033164𝑟+33554432 )−(7𝑟18−848𝑟16+43008𝑟14−1188864𝑟12+19546112𝑟10−195821568𝑟8+1178599424𝑟6−4043309056𝑟4+6979321856𝑟2−4294967296 )(𝐵+2𝑘)−(7𝑟18−848𝑟16+43008𝑟14−1188864𝑟12+19431424𝑟10−191102976𝑟8+1108344832𝑟6−3573547008𝑟4+5637144576𝑟2−3221225472 )𝑘232768(𝑟3+4𝑟2−16𝑟−32)2(𝑟2−8)2 > 0; 𝐶𝑆𝐶𝑆𝐼 − 𝐶𝑆𝐶𝑆𝑆 =16𝐴2(𝑟10−3𝑟9−68𝑟8+160𝑟7+1520𝑟6−2688𝑟5−13568𝑟4+16384𝑟3+45056𝑟2−32768𝑟−49152)−𝐴𝑘(𝑟13+𝑟12−96𝑟11−96𝑟10+3232𝑟9+2560𝑟8−49152𝑟7−28672𝑟6+352256𝑟5+163840𝑟4−1146880𝑟3−524288𝑟2+1572864𝑟+1048576 )−( 7𝑟12+56𝑟11−288𝑟10−2752𝑟9+3840𝑟8+49152𝑟7−10240𝑟6−385024𝑟5−163840𝑟4+1245184𝑟3+1048576𝑟2−1048576𝑟−1048576)𝑘2
(𝑟3+4𝑟2−16𝑟−32)2(𝑟4−32𝑟2+128)2 < 0; 
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𝑆𝑊𝐶𝑆𝑃 − 𝑆𝑊𝐶𝑆𝑆 =1024𝐴2(5𝑟10+8𝑟9+400𝑟8−704𝑟7+11008𝑟6+15360𝑟5−123904𝑟4−114688𝑟3+57056𝑟2+262144𝑟−786432 )+64𝐴(𝐵+2𝑘)( 𝑟13+8𝑟12−160𝑟11−1088𝑟10+7168𝑟9+43008𝑟8−138240𝑟7−704512𝑟6+1228800𝑟5+5242880𝑟4−4456448𝑟3−16777216𝑟2+4194304𝑟+16777216)−(3𝑟16+24𝑟15−128𝑟14−1216𝑟13+8192𝑟11+71680𝑟10+548864𝑟9−1212416𝑟8−13434880𝑟7+5242880𝑟6+124780544𝑟5+36700160𝑟4−520093696𝑟3−369098752𝑟2+805306368𝑟+805306368 )(𝐵+2𝑘)232768(𝑟4−32𝑟2+128)2(𝑟2−8)2 < 0; 𝑆𝑊𝐶𝑆𝑃 − 𝑆𝑊𝐶𝑆𝐼 =1024𝐴2(5𝑟12−32𝑟11−384𝑟10+2304𝑟9+11264𝑟8−62464𝑟7−137216𝑟6+737280𝑟5+557056𝑟4−3866624𝑟3+524288𝑟2+7340032𝑟−5242880 )+64𝐴𝐵(𝑟15−208𝑟13+256𝑟12+13312𝑟11−20480𝑟10−385024𝑟9+606208𝑟8+5586944𝑟7−8388608𝑟6−41156608𝑟5+58720256𝑟4+146800640𝑟3−201326592𝑟2+201326592𝑟+268435456 )+128𝐴𝑘(𝑟15−208𝑟13+256𝑟12+12800𝑟11−18944𝑟10−348160𝑟9+524288𝑟8+4587520𝑟7−6586368𝑟6−29360128𝑟5+39845888𝑟4+84934656𝑟3−109051904𝑟2−83886080𝑟+100663296 )−(3𝑟18−272𝑟16+7680𝑟14+3072𝑟12−434528𝑟10+94633984𝑟8−926941184𝑟6+4747952128𝑟4−12348030976𝑟2+12884901888 )𝐵2−4𝐵𝑘(3𝑟18−272𝑟16+7680𝑟14−5120𝑟12−3719168𝑟10+75235328𝑟8−658505728𝑟6+2868903936𝑟4−5905580032𝑟2+4294967296 )−4𝑘2(3𝑟18−272𝑟16+7680𝑟14−13312𝑟12−3112960𝑟10+58458112𝑟8−447741952𝑟6+1593835520𝑟4−2415919104𝑟2+1073741824 )32768(𝑟3+4𝑟2−16𝑟−32)2(𝑟2−8)2 > 0; 

𝑆𝑊𝐶𝑆𝐼 − 𝑆𝑊𝐶𝑆𝑆 =

32𝐴2(𝑟10+𝑟9−76𝑟8−96𝑟7+1968𝑟6+2432𝑟5−20736𝑟4−16384𝑟3+86016𝑟2+32768𝑟−114688 )+2𝐴𝑘( 𝑟13+5𝑟12−96𝑟11−480𝑟10+3360𝑟9+16384𝑟8−55296𝑟7−249856𝑟6+450560𝑟5+1736704𝑟4−1540096𝑟3−5242880𝑟2+1572864𝑟+5242880)−( 𝑟14+8𝑟13−74𝑟11−656𝑟10+1984𝑟9+20608𝑟8−303104𝑟7+28672𝑟6+2113536𝑟5+983040𝑟4−6422528𝑟3−5242880𝑟2+6291456𝑟+6291456)𝑘2
(𝑟3+4𝑟2−16𝑟−32)2(𝑟4−32𝑟2+128)2 < 0. 

(2) Comparison of different cases under the Stackelberg competition: 

(𝑥2𝑆𝑆𝑃−𝑞2𝑆𝑆𝑃) − (𝑥2𝑆𝑆𝑆−𝑞2𝑆𝑆𝑆) =

(3𝑟6+12𝑟5−80𝑟4−224𝑟3+576𝑟2+512𝑟−1024)𝐴−(21𝑟6−272𝑟4+960𝑟2−1024)(𝐵+2𝑘)−(𝑟2−8)(𝑟2−16)(7𝑟2−16)
< 0; 

(𝑥2𝑆𝑆𝑃−𝑞2𝑆𝑆𝑃) − (𝑥2𝑆𝑆𝐼−𝑞2𝑆𝑆𝐼) =

(3𝑟6+12𝑟5−80𝑟4−224𝑟3+576𝑟2+512𝑟−1024)𝐴−8(3𝑟6−44𝑟4+192𝑟2−256)𝐵−2(21𝑟6−272𝑟4+960𝑟2−1024)𝑘−8(𝑟2−8)(𝑟2−16)(𝑟2−4)
> 0;

(𝑥2𝑆𝑆𝐼−𝑞2𝑆𝑆𝐼) − (𝑥2𝑆𝑆𝑆−𝑞2𝑆𝑆𝑆) =

(3𝑟6+12𝑟5−80𝑟4−224𝑟3+576𝑟2+512𝑟−1024)𝐴−2(21𝑟6−272𝑟4+960𝑟2−1024)𝑘−8(𝑟2−8)(𝑟2−16)(𝑟2−4)
< 0;

𝜋1𝑆𝑆𝑃 − 𝜋1𝑆𝑆𝑆 =

4⎣⎢⎢⎢
⎡𝐴2(𝑟11−6𝑟10−92𝑟9+296𝑟8+2592𝑟7−5440𝑟6−29440𝑟5+46080𝑟4+131072𝑟3−180224𝑟2−196608𝑟+262144 )+2𝐴(𝐵+2𝑘)(49𝑟10−1596𝑟8+17504𝑟6−82432𝑟4+172032𝑟2−131072)−(49𝑟11−1024𝑟9+11008𝑟7−46336𝑟5+90112𝑟3−65536)(𝐵+2𝑘)2 ⎦⎥⎥⎥

⎤
(7𝑟4−72𝑟2+128)(7𝑟2−16)(𝑟2−16)(𝑟4−24𝑟2+128)

>0; 

𝜋1𝑆𝑆𝑃 − 𝜋1𝑆𝑆𝐼 =

𝑟⎩⎪⎨
⎪⎧ 𝐴2(𝑟9−8𝑟8−96𝑟7+384𝑟6+2624𝑟5−6656𝑟4−26624𝑟3+49152𝑟2+81920𝑟−131072)+128𝐴𝐵(𝑟8−32𝑟6+336𝑟4−1408𝑟2+2048)+4𝐴𝑘(𝑟9+60𝑟8−48𝑟7−1856𝑟6+832𝑟5+18176𝑟4−6144𝑟3−655362𝑟2+16384𝑟+65536)−64(𝑟9−24𝑟7+208𝑟5−768𝑟3+1024𝑟)(𝐵+2𝑘)2 ⎭⎪⎬

⎪⎫
16(𝑟2−4)(𝑟2−8)(𝑟2−16)(𝑟4−24𝑟2+128)

< 0; 

𝜋1𝑆𝑆𝐼 − 𝜋1𝑆𝑆𝑆 =

𝑟⎩⎪⎨
⎪⎧ 𝐴2(15𝑟9+8𝑟8−736𝑟7+128𝑟6+11712𝑟5−7680𝑟4−67584𝑟3+65536𝑟2+114688𝑟−131072 )−4𝐴𝑘(49𝑟9−196𝑟8−1008𝑟7+4032𝑟6+6976𝑟5−27904𝑟4−18432𝑟3+73728𝑟2+16384𝑟−65536 )−4(49𝑟9−1008𝑟7+6976𝑟5−18432𝑟3+16384𝑟)𝑘2 ⎭⎪⎬

⎪⎫
16(𝑟2−4)(𝑟2−8)(7𝑟2−16)(𝑟4−72𝑟2+128)

> 0; 
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𝜋2𝑆𝑆𝑃 − 𝜋2𝑆𝑆𝑆 =

𝐴2(7𝑟12+56𝑟11−320𝑟10−3008𝑟9+5568𝑟8+61440𝑟7−53248𝑟6−589824𝑟5+393216𝑟4+2621440𝑟3−2097152𝑟2−4194304𝑟+4194304 )−2𝐴(𝐵+2𝑘)( 49𝑟12+196𝑟11−2576𝑟10−8736𝑟9+51776𝑟8+137216𝑟7−499712𝑟6−901120𝑟5+2392064𝑟4+2359296𝑟3−5242880𝑟2−2097152𝑟+4194304)+8(49𝑟12−2184𝑟10+34304𝑟8+34304𝑟6−250368𝑟4+905216𝑟2+1048576)(𝐵+2𝑘)2−4(𝑟2−8)2(𝑟2−16)2(7𝑟2−16)2 < 0; 

𝜋2𝑆𝑆𝑃 − 𝜋2𝑆𝑆𝐼 =

(𝑟10+8𝑟9−40𝑟8−384𝑟7+576𝑟6+6656𝑟5−4608𝑟4−49152𝑟3+32768𝑟2+131072𝑟+131072 )𝐴2−16(𝑟10+4𝑟9−48𝑟8−160𝑟7+848𝑟6+2112𝑟5−6784𝑟4−10240𝑟3+24576𝑟2+16384𝑟−32768 )𝐴𝐵−(28𝑟10+112𝑟9−1312𝑟8−4352𝑟7+22272𝑟6+54272𝑟5−165888𝑟4−229376𝑟3+524288𝑟2+262144𝑟−524288 )𝐴𝑘+64(𝑟10−𝑟8−64𝑟6+1152𝑟4−6144𝑟2+8192)𝐵𝑘+4(49𝑟10−1848𝑟8+21440𝑟6−100864𝑟4+196608𝑟2−131072)𝑘2−32(𝑟2−8)(𝑟2−16)2(𝑟2−4)2 > 0;

𝜋2𝑆𝑆𝐼 − 𝜋2𝑆𝑆𝑆 =

(7𝑟12+56𝑟11−208𝑟10−2112𝑟9+2560𝑟8+30208𝑟7−23552𝑟6−217088𝑟5+151552𝑟4+786432𝑟3−655360𝑟2−1048576𝑟+1048576 )𝐴2−4(49𝑟12+196𝑟11−1792𝑟10−5600𝑟9+26240𝑟8+60160𝑟7−194560𝑟6−296960𝑟5+757760𝑟4+655360𝑟3−1441792𝑟2−524288𝑟+1048576 )𝐴𝑘+4(49𝑟10−1848𝑟8+21440𝑟6−100864𝑟4+196608𝑟2−131072)𝑘2−32(𝑟2−8)(7𝑟2−16)2(𝑟2−4)2 < 0; 

𝐶𝑆𝑆𝑆𝑃 − 𝐶𝑆𝑆𝑆𝑆 =

(9𝑟12+16𝑟11−576𝑟10−800𝑟9+13568𝑟8+14592𝑟7−145408𝑟6−114688𝑟5+724992𝑟4+327680𝑟3−1703936𝑟2+1048576 )𝐴2−8(49𝑟11−1596𝑟9+17504𝑟7−82432𝑟5+172032𝑟3−131072𝑟)𝐴(𝐵+2𝑘)+(441𝑟12−12208𝑟10+130432𝑟8−676864𝑟6+1773568𝑟4−2228224𝑟2+1048576 )(𝐵+2𝑘)2−2(𝑟2−8)2(7𝑟2−16)2(𝑟2−16)2 < 0;

𝐶𝑆𝑆𝑆𝑃 − 𝐶𝑆𝑆𝑆𝐼 =

(9𝑟12+8𝑟11−608𝑟10−320𝑟9+15744𝑟8+3584𝑟7−196608𝑟6+4096𝑟5+1224704𝑟4−262144𝑟3−3538944𝑟2+1048576𝑟+3145728 )𝐴2−256(𝑟11−36𝑟9+464𝑟7−2752𝑟5+7680𝑟3−8192𝑟)𝐴𝐵+4(9𝑟12+132𝑟11−496𝑟10−4768𝑟9+10624𝑟8+61184𝑟7−111616𝑟6−350208𝑟5+593920𝑟4+851968𝑟3−1441792𝑟2−5524288𝑟+1048576 )𝐴𝑘−32(9𝑟12−280𝑟10+3472𝑟8−21760𝑟6+71680𝑟4−114688𝑟2+65536)𝐵(𝐵+4𝑘)−4(279𝑟12−8464𝑟10+100480𝑟8−584704𝑟6+1699840𝑟4−2228224𝑟2+1048576)𝑘2−64(𝑟2−8)2(𝑟2−4)2(𝑟2−16)2 < 0; 

𝐶𝑆𝑆𝑆𝐼 − 𝐶𝑆𝑆𝑆𝑆 =

(153𝑟12−120𝑟11−6176𝑟10+8384𝑟9+86912𝑟8−131584𝑟7−532480𝑟6+774144𝑟5+1421312𝑟4−1703936𝑟3−1703936𝑟2+1048576𝑟+1048576)𝐴2−8(49𝑟11−1596𝑟9+17504𝑟7−82432𝑟5+172032𝑟3−131072𝑟)𝐴(𝐵+2𝑘)+(441𝑟12−12208𝑟10+130432𝑟8−676864𝑟6+1773568𝑟4−2228224𝑟2+1048576 )(𝐵+2𝑘)264(𝑟2−8)2(7𝑟2−16)2(𝑟2−4)2 > 0;

𝑆𝑊𝑆𝑆𝑃 − 𝑆𝑊𝑆𝑆𝑆 = −
(9𝑟12+184𝑟11−9344𝑟9−8768𝑟8+177664𝑟7+126976𝑟6−1556480𝑟5−253952𝑟4+6160384𝑟3−2359296𝑟2−8388608𝑟+6291456 )𝐴2−2( 49𝑟12+588𝑟11−2576𝑟10−21504𝑟9+51776𝑟8+277248𝑟7−499712𝑟6−1560576𝑟5+2392064𝑟4+3735552𝑟3−5242880𝑟2−3145728𝑟+4194304)𝐴(𝐵+2𝑘)−2(147𝑟12−6160𝑟10+94848𝑟8−695296𝑟6+2568192𝑟4−4587520𝑟2+3145728)𝐵2−4(245𝑟12−9744𝑟10+137920𝑟8−890880𝑟6+2744320𝑟4−3932160𝑟2+2097152)(𝐵+𝑘)𝑘4(𝑟2−8)2(7𝑟2−16)2(𝑟2−16)2 < 0; 

𝑆𝑊𝑆𝑆𝑃 − 𝑆𝑊𝑆𝑆𝐼 =

(7𝑟12+56𝑟11−304𝑟10−2880𝑟9+5504𝑟8+55808𝑟7−66560𝑟6−503808𝑟5+610304𝑟4+2097152𝑟3−3014656𝑟2−3145728𝑟+5242880 )𝐴2−32(𝑟12+12𝑟11−56𝑟10−480𝑟9+1232𝑟8+7104𝑟7−13568𝑟6−49152𝑟5+78848𝑟4+159744𝑟3−229376𝑟2−196608𝑟+262144 )𝐴𝐵−4(9𝑟12+164𝑟11−480𝑟10−6240𝑟9+9856𝑟8+85760𝑟7−98304𝑟6−534528𝑟5+495616𝑟4+1507328𝑟3−1179648𝑟2−1572864𝑟+1048576 )+32(3𝑟12−136𝑟10+2352𝑟8−20224𝑟6+92160𝑟4−212992𝑟2+196608)𝐵2+64(5𝑟12−216𝑟10+3472𝑟8−26880𝑟6+105472𝑟4−196608𝑟2+131072)𝐵𝑘+4(71𝑟12−2976𝑟10+45696𝑟8−331776𝑟6+1191936𝑟4−196608𝑟2+1048576)𝑘2−64(𝑟2−8)2(𝑟2−16)2(𝑟2−4)2 < 0;
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𝑆𝑊𝑆𝑆𝐼 − 𝑆𝑊𝑆𝑆𝑆 =

(199𝑟12−200𝑟11−8944𝑟10+12992𝑟9+140416𝑟8−224768𝑟7−943104𝑟6+1593344𝑟5+2658304𝑟4−4849664𝑟3−2228224𝑟2+5242880𝑟−1048576 )𝐴2+4(343𝑟12+1372𝑟11−10976𝑟10−32928𝑟9+138880𝑟8+292096𝑟7−880640𝑟6−1185792𝑟5+2928640𝑟4+2228224𝑟3−4849664𝑟2−1572864𝑟+3145728 )𝐴𝑘−4(441𝑟12−11424𝑟10+114304𝑟8−565248𝑟6+1478656𝑟4−196608𝑟2+1048576)𝑘264(𝑟2−8)2(7𝑟2−16)2(𝑟2−4)2 > 0. 

(𝑥1𝐶𝑆𝑆−𝑞1𝐶𝑆𝑆) − (𝑥1𝑆𝑆𝑆−𝑞1𝑆𝑆𝑆) = − 𝑟2𝐴𝑟3+4𝑟2−16𝑟−32 > 0;

(𝑥2𝐶𝑆𝑆−𝑞2𝐶𝑆𝑆) − (𝑥2𝑆𝑆𝑆−𝑞2𝑆𝑆𝑆) =
𝑟4𝐴(𝑟3−6𝑟2−8𝑟+16)2(𝑟2−8)(7𝑟2−16)(𝑟3+4𝑟2−16𝑟−32)

< 0; 

𝜋1𝐶𝑆𝑆 − 𝜋1𝑆𝑆𝑆 =
2𝑟4𝐴2( 2𝑟10+4𝑟9−101𝑟8−160𝑟7+1736𝑟6+1728𝑟5−12992𝑟4−6656𝑟3+43008𝑟2+8192𝑟−49152)
(𝑟2−8)(𝑟3+4𝑟2−16𝑟−32)2(7𝑟2−16)(7𝑟4−72𝑟2+128)

< 0;  

𝜋2𝐶𝑆𝑆−𝜋2𝑆𝑆𝑆 = − 𝑟3{𝐴2( 7𝑟11+112𝑟10−152𝑟9−4224𝑟8+2368𝑟7+58880𝑟6−17920𝑟5−372736𝑟4+32768𝑟3+1048576𝑟2−1048576)}4(𝑟2−8)2(7𝑟2−16)2(𝑟3+4𝑟2−16𝑟−32)2 > 0; 

𝐶𝑆𝐶𝑆𝑆 − 𝐶𝑆𝑆𝑆𝑆 = − 𝑟2{𝐴2( 9𝑟12−10𝑟11−402𝑟10+576𝑟9+7216𝑟8−10496𝑟7−67456𝑟6+78848𝑟5+327680𝑟4−245760𝑟3−704512𝑟2+262144𝑟+524288)}2(𝑟2−8)2(7𝑟2−16)2(𝑟3+4𝑟2−16𝑟−32)2 < 0; 

𝑆𝑊𝐶𝑆𝑆 − 𝑆𝑊𝑆𝑆𝑆 = − 𝑟2{𝐴2( 9𝑟12+60𝑟11−148𝑟10−1792𝑟9+2912𝑟8+24064𝑟7−48896𝑟6−161792𝑟5+344064𝑟4+491520𝑟3−1015808𝑟2−524288𝑟+1048576)}4(𝑟2−8)2(7𝑟2−16)2(𝑟3+4𝑟2−16𝑟−32)2 < 0. 

(3) Comparison of different competition modes: 

(𝑥1𝐶𝑆𝐼−𝑞1𝐶𝑆𝐼) > (𝑥1𝑆𝑆𝐼−𝑞1𝑆𝑆𝐼) =
𝑟2[(4−𝑟)𝐴−2𝑘𝑟]𝑟4−32𝑟2+128 > 0;

(𝑥2𝐶𝑆𝐼−𝑞2𝐶𝑆𝐼) < (𝑥2𝑆𝑆𝐼−𝑞2𝑆𝑆𝐼) =
𝑟3[(𝑟3−4𝑟2−8𝑟+32)𝐴+2𝑘𝑟(𝑟2−16)]8(𝑟2−4)(𝑟4−32𝑟2+128)

< 0; 𝜋1𝐶𝑆𝐼 − 𝜋1𝑆𝑆𝐼 =
((𝑟−4)𝐴+2𝑘𝑟)216(𝑟2−4)(𝑟4−32𝑟2+128)

< 0; 

𝜋2𝐶𝑆𝐼−𝜋2𝑆𝑆𝐼 = −
𝑟3{𝐴2(𝑟9+8𝑟8−128𝑟7−64𝑟6+2880𝑟5−2048𝑟4−21504𝑟3+24576𝑟2+49152𝑟−65536)+4𝐴𝑘(𝑟9+4𝑟8−90𝑟7−32𝑟6+1344𝑟5−1024𝑟4−8192𝑟3+12288𝑟2+16384𝑟−32768)+4𝑘2(𝑟9−90𝑟7+1344𝑟5−8192𝑟3+16384𝑟)}32(𝑟4−32𝑟2+128)2(𝑟2−4)2 > 0; 

𝐶𝑆𝐶𝑆𝐼 − 𝐶𝑆𝑆𝑆𝐼 =

𝐴2(9𝑟12−56𝑟11−304𝑟10+1600𝑟9+6208𝑟8−13312𝑟7−99328𝑟6+57344𝑟5+770048𝑟4−229376𝑟3−2490368𝑟2+52428𝑟+2621440 )+4𝐴𝑘( 9𝑟12−28𝑟11−416𝑟10+800𝑟9+8256𝑟8−6656𝑟7−78336𝑟6+28672𝑟5+368640𝑟4−114688𝑟3−786432𝑟2+262144𝑟+524288)+4𝑘2(9𝑟12−416𝑟10+8256𝑟8−78336𝑟6+368640𝑟4−786432𝑟2+524288)−64(𝑟4−32𝑟2+128)2(𝑟2−4)2 < 0; 

𝑆𝑊𝐶𝑆𝐼 − 𝑆𝑊𝑆𝑆𝐼 = −
𝐴2(7𝑟12−8𝑟11−480𝑟10+320𝑟9+13248𝑟8−9216𝑟7−156672𝑟6+90112𝑟5−901120𝑟4−360448𝑟3−2490368𝑟2+52428𝑟+2621440 )+4𝐴𝑘(7𝑟12−4𝑟11−432𝑟10+160𝑟9+9920𝑟8−4608𝑟7−92672𝑟6+45056𝑟5+401408𝑟4−180224𝑟3−786432𝑟2+262144𝑟+524288 )+4𝑘2(7𝑟12−432𝑟10+9920𝑟8−92672𝑟6+401408𝑟4−786432𝑟2+524288)64(𝑟4−32𝑟2+128)2(𝑟2−4)2 < 0. 

(𝑥1𝑆𝑆𝑃−𝑞1𝑆𝑆𝑃) − (𝑥1𝐶𝑆𝑃−𝑞1𝐶𝑆𝑃) = − 𝑟2[32𝐴+(𝑟2−16)𝑟(𝐵+2𝑘)]128(𝑟2−8)
> 0; 

(𝑥2𝑆𝑆𝑃−𝑞2𝑆𝑆𝑃) − (𝑥2𝐶𝑆𝑃−𝑞2𝐶𝑆𝑃) =
𝑟3[32(𝑟2−16)𝐴+(𝑟4−56𝑟2+320)𝑟(𝐵+2𝑘)]256(𝑟2−8)(𝑟2−16)

< 0; 

𝜋1𝐶𝑆𝑃 − 𝜋1𝑆𝑆𝑃 =

𝑟4{1024𝐴2(𝑟−16)2+(𝑟6−80𝑟4+1408𝑟2−6144)𝐴(𝐵+2𝑘)𝑟+(𝑟8−96𝑟6+3712𝑟4−40960𝑟2+131072)(𝐵+2𝑘)2𝑟2)
}8192(𝑟2−8)(𝑟2−16)(𝑟4−24𝑟2+128)

> 0; 
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𝜋2𝐶𝑆𝑃−𝜋2𝑆𝑆𝑃 = − 𝑟3{64(𝑟−16)2𝐴(𝐵+2𝑘)+(𝑟6−88𝑟4+1792𝑟2−8192)(𝐵+2𝑘)2𝑟}512(𝑟2−8)(𝑟2−16)2 > 0; 

𝐶𝑆𝐶𝑆𝑃 − 𝐶𝑆𝑆𝑆𝑃 =

𝑟2{1024𝐴2(𝑟6−64𝑟4+1280𝑟2−8192)+64𝑟3(3𝑟6−208𝑟4+3584𝑟2−16384)𝐴(𝐵+2𝑘)𝑟−(7𝑟10−624𝑟8+23040𝑟6−304128𝑟4+1572864𝑟2−2621440)(𝐵+2𝑘)2𝑟2 }32768(𝑟2−16)2(𝑟2−8)2 < 0; 𝑆𝑊𝐶𝑆𝑃 − 𝑆𝑊𝑆𝑆𝑃 =

𝑟2{1024𝐴2(5𝑟6−192𝑟4+2304𝑟2−8192)+64(𝑟8−176𝑟6+4608𝑟4−40960𝑟2+131072)𝐴(𝐵+2𝑘)𝑟−(3𝑟10−176𝑟8+2048𝑟6+19456𝑟4−393216𝑟2+1572864)(𝐵+2𝑘)2𝑟2 }32768(𝑟2−16)2(𝑟2−8)2 < 0. 

Declarations 

Compliance with ethical standards 

Acknowledgements This work was supported by Fundamental Research Funds for the Central Universities 

(Grant number: N2123006).

Conflict of interest The authors declare that they have no conflict of interest.

Ethical approval This article does not contain any studies with human participants or animals performed 

by any of the authors. 

Authorship contributions All authors contributed to the study conception and design. Material preparation, 

model derivation and analysis were performed by Junlong Chen, Chaoqun Sun and Jiali Liu. The first draft 

of the manuscript was written by Junlong Chen and all authors commented on previous versions of the 

manuscript. All authors read and approved the final manuscript. 

Data availability statement This paper belongs to mathematical derivation which does not involve data 

availability. 

References

Aloui C, Jebsi K (2016) Platform optimal capacity sharing: willing to pay more does not guarantee a 

larger capacity share. Econ Model 54:276-288. https://doi.org/10.1016/j.econmod.2016.01.003 

Bárcena-Ruiz JC, Garzón MB (2010) Endogenous timing in a mixed duopoly with capacity choice. 

Manch Sch 78(2):93-109. https://doi.org/10.1111/j.1467-9957.2009.02137.x 

Chevalier-Roignant B, Flath CM, Kort PM, Trigeorgis L (2021) Capacity investment choices under 

cost heterogeneity and output flexibility in oligopoly. Eur J Oper Res 290(3):1154-1173. 

https://doi.org/10.1016/j.ejor.2020.08.046  

Chen J, Huang G, Wang J, Yang C (2019) A cooperative approach to service booking and scheduling 

in cloud manufacturing. Eur J Oper Res 273(3):861-873. https://doi.org/10.1016/j.ejor.2018.09.007 



30

Chen J, Wang X, Chu Z (2020) Capacity sharing, product differentiation and welfare. Econ Res-Ekon 

istraž 33(1):107-123. https://doi.org/10.1080/1331677X.2019.1710234  

Chen J, Liu J, Qin J (2019) Corporate social responsibility and capacity selection. Transform Bus &

Econ 18(3C):530-545.   

Chen J, Wang X, Liu J (2020) Corporate social responsibility and capacity sharing in a duopoly model. 

Appl Econ Lett 1-6. https://doi.org/ 10.1080/13504851.2020.1761531 

Chen J, Xie X, Liu J (2020) Capacity sharing with different oligopolistic competition and government 

regulation in a supply chain. Manag Decis Econ 41(1):79-92. https://doi.org/10.1002/mde.3094 

Dai B, Nu Y (2020) Pricing and capacity allocation strategies: Implications for manufacturers with 

product sharing. Nav Res Log 67(3):201-222. https://doi.org/10.1002/nav.21898  

Dagdeviren H. (2016). Structural constraints and excess capacity: an international comparison of 

manufacturing enterprises. Development Policy Review 34(5):623-641. 

https://doi.org/10.1111/dpr.12168 

Fang D, Wang J (2020) Horizontal capacity sharing between asymmetric competitors. Omega-Int  J 

Manag Sci 97:102109. https://doi.org/10.1016/j.omega.2019.102109 

Fanti L, Meccheri N (2017) Unionization regimes, capacity choice by firms and welfare outcomes. 

Manch Sch 85(6):661-681. doi:10.1111/manc.12165 

Geissinger A, Laurell C, Öerg C, Sandstrӧm C (2019) How sustainable is the sharing economy? On the 

sustainability connotations of sharing economy platforms. J Clean Prod 206:419-429. 

https://doi.org/10.1016/j.jclepro.2018.09.196 

Guo L, Wu X (2018) Capacity sharing between competitors. Manag Sci 64(8):3554-3573. 

https://doi.org/10.1287/mnsc.2017.2796 

He J, Zhang J, Gu X (2019) Research on sharing manufacturing in Chinese manufacturing industry. Int 

J Adv Manuf Tech 104(1-4):463-476. https://doi.org/10.1007/s00170-019-03886-w 

Legros B (2019) Dynamic repositioning strategy in a bike-sharing system; how to prioritize and how to 

rebalance a bike station. Eur J Oper Res 272(2):740-753. https://doi.org/10.1016/j.ejor.2018.06.051 

Levi R, Perakis G, Shi C, Sun W (2020) Strategic capacity planning problems in revenue sharing joint 

ventures. Prod Oper Manag 29(3):664-687. https://doi.org/10.1111/poms.13128 

Liu J, Zhang N, Kang C, Kirschen D, Xia Q (2018) Decision-making models for the participants in 

cloud energy storage. Trans Smart Grid 9(6):5512-5521. https://doi.org/10.1109/TSG.2017.2689239 

Melo S, Macedo J, Baptista P (2019) Capacity-sharing in logistics solutions: A new pathway towards 

sustainability. Transport Policy 73:143-151. https://doi.org/10.1016/j.tranpol.2018.07.003 

Moghaddam M, Nof SY (2016) Real-time optimization and control mechanisms for collaborative 

demand and capacity sharing. Int J Prod Econ 171:495-506. 

https://doi.org/10.1016/j.ijpe.2015.07.038 

http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=7A7jNMRRszGZbHjnVIq&field=AU&value=Chen,%20Junlong
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=1&SID=7A7jNMRRszGZbHjnVIq&page=1&doc=2
https://doi.org/10.1016/j.omega.2019.102109
http://apps.webofknowledge.com/OutboundService.do?SID=6EW79Fe4WBqn4ETD2lZ&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_CN&daisIds=998715
http://apps.webofknowledge.com/OutboundService.do?SID=6EW79Fe4WBqn4ETD2lZ&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_CN&daisIds=3627075
http://apps.webofknowledge.com/OutboundService.do?SID=6EW79Fe4WBqn4ETD2lZ&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_CN&daisIds=29200850
https://www.sciencedirect.com/science/journal/0967070X


31

Murphy D (2017) Excess capacity in a fixed-cost economy. Eur Econ Rev 91(1):245-260. 

https://doi.org/10.1016/j.euroecorev.2016.11.002 

Nunez MA, Bai X, Du  LN (2021) Leveraging slack capacity in iaaS contract cloud services. Prod 

Oper Manag 30(4):883-901. https://doi.org/10.1111/poms.13283 

Qin JJ, Wang K, Wang ZP, Xia LJ (2020) Revenue sharing contracts for horizontal capacity sharing 

under competition. Ann Oper Res 291(1-2):731-760. https://doi.org/10.1007/s10479-018-3005-x  

Roels G, Tang CS (2017) Win-win capacity allocation contracts in coproduction and codistribution 

alliances. Manag Sci 63(3):861-881. https://doi.org/10.1287/mnsc.2015.2358  

Schwarz JA, Tan B (2021) Optimal sales and production rollover strategies under capacity constraints. 

Eur J Operl Res 294(2):507-524. https://doi.org/10.1016/j.ejor.2021.01.040 

Tae C, Luo X, Lin Z (2020) Capacity-constrained entrepreneurs and their product portfolio size: the 

response to a platform design change on a Chinese sharing economy platform. Strategic 

Entrepreneurship Journal 14(3):302-328. https://doi.org/10.1002/sej.1360 

Tomaru Y, Nakamura Y, Saito M (2011) Strategic managerial delegation in a mixed duopoly with 

capacity choice: partial delegation or full delegation. Manch Sch 79(4):811-838. 

https://doi.org/10.1111/j.1467-9957.2010.02179.x 

Vives X (1986) Commitment, flexibility and market outcomes. Int J Ind Organ 4(2):217-229. 

https://doi.org/10.1016/0167-7187(86)90032-9 

Wang W, Tang O, Huo J (2018) Dynamic capacity allocation for airlines with multi-channel distribution.  

J Air Transp Manag 69:173–181. https://doi.org/10.1016/j.jairtraman.2018.02.006 

Xie L, Han H (2020) Capacity sharing and capacity investment of environment-friendly manufacturing: 

strategy selection and performance analysis. Int J Environ Res Public Health 17:5790. 

https://doi.org/10.3390/ijerph17165790 

Yang F, Shan F, Jin M (2017) Capacity investment under cost sharing contracts. Int J Prod Econ 

191:278–285. https://doi.org/10.1016/j.ijpe.2017.06.009 

Yan X, Gu C, Wyman-pan H, Li F (2019) Capacity share optimization for multiservice energy storage 

management under portfolio theory. IEEE Trans Ind Electron 66(2):1598–1607. 

https://doi.org/10.1109/TIE.2018.2818670 

Zhang Y, Qi H, Zhou H, Zhang Z, Wang X (2020) Exploring the impact of a district sharing strategy 

on application capacity and carbon emissions for heating and cooling with GSHP systems. Appl Sci 

10:5543. https://doi.org/10.3390/app10165543


