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Abstract

:

A patent pool strategy was proposed for use in the electric vehicle cell industry to manage patent licensing disputes and litigation. How to promote EV cell innovation diffusion under a patent pool scenario is unclear. We introduced an innovation diffusion channel model comprising different players with patent licensing relationships and market competition relationships following evolutionary game analysis and simulation. We found the interlinked factors that influenced evolutionary stable strategies with a sensitivity test on all factors to identify the important and unimportant factors. To achieve the maximum return for the players, an optimization algorithm was introduced to find the maximum weighted object function. The decision and policy makers could focus on important factors such as improving the technology’s competitive advantages, delivering more profits to its licensees with reasonable licensing fees, and finding the best patent pool strategy with the support of the optimization algorithm to balance the competition relationships and patent licensing relationships between players.
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1. Introduction


The electric vehicle (EV) cell industry is facing fierce patent disputes and litigation, which are key challenges for this emerging market’s players [1]. The existing literature lacks studies regarding patents in this emerging industry, and a patent pool as a potential tool was proposed for use in the EV cell industry [2]. However, both in theory and in practice, the implementation of fair, reasonable, and non-discriminatory (FRAND) licensing principles [1] comes with extensive arguments and litigation. Thus, balancing the competition relationship and the patent licensing relationship of the players to promote innovation diffusion instead needs to be further investigated. In particular, we aimed to answer the following questions: if each of the patent holders in the patent pool owns an EV cell producer and they also compete with their licensees’ EV cell producers, what are the factors that influence the adoption of a patent pool, which factors are the most important, how do the factors influence each other, and what is the best strategy to maximize the returns of the patent pool members?



Based on the existing literature regarding electric vehicle cell innovation diffusion without a patent pool [3], we extended our analysis to consider patent pool strategy by following the evolutionary game and optimization algorithm approaches, which sets our study apart from others in the literature that consider different industries, different factors, different supply chain structures, or different approaches [4,5,6,7,8,9,10,11,12,13,14,15,16,17,18]. This study contributes to the existing literature on innovation diffusion in the electric vehicle cell industry since it considered a patent pool strategy, established an innovation diffusion channel model, conducted an evolutionary game analysis and simulation, identified the key factors and the interplay between these factors, and developed an optimization algorithm for use by decision- and policymakers.



This paper is organized as follows. In Section 2, we introduce the literature background and a list of questions that we aimed to answer in this study. The proposed innovation model is presented in Section 3, where we identified which players are involved in the innovation diffusion model. Following this, we discuss the pay-off matrix and evolutionary game model. In Section 4, the use of Vensim simulation software to carry out sensitivity tests on the identified factors is discussed. In Section 5, we introduce an optimization algorithm to find the best patent pool strategy for promoting innovation diffusion. Finally, our results are discussed and conclusions are drawn in Section 6.




2. Literature Background


Patent licensing can be a barrier to innovation diffusion and adoption. Establishing a patent pool is one of the strategies that can be utilized to accelerate innovation diffusion [1]. Sun et al. measured China’s new energy vehicle patents using a social network analysis approach and suggested that the creation of a patent pool could be a suitable solution to tackle the patent licensing issue in the industry [2]. Sun and Zhang studied a patent licensing strategy to promote the electric vehicle cell innovation diffusion, but the licensor not considering patent pool strategy [3]. Liu et al. studied electronic product supply chain patent licensing and outsourcing strategies [4]. Bagchi and Mukherjee studied different patent licensing strategies’ impacts on the profits of patent holders under product differentiation and market competition scenarios [5]. Hill found that licensing fees played a critical role in patent licensing when licensing to a competitor [6]. Wang studied a patent licensing fee strategy under a duopoly in a Cournot competition scenario [7]. Wu analyzed the price competition and patent licensing options under a duopoly [8]. Zhang et al. studied the best patent licensing strategy in a supply chain consisting of the joint research and development (R&D) investments of an original equipment manufacturer (OEM) and a contract manufacturer [9]. Narasipuram and Mopidevi described optimization algorithms that could create optimal designs for EV charging stations [10]. Yuan analyzed the threshold on firms’ patent pool number and found a negative correlation between the threshold and patent licensing fee [11].



Regarding electric vehicle or electric vehicle cell innovation diffusion, Fang et al. studied the policy incentives and user preference factors [12]. Huan identified the different resources that are involved in EV cell patents [13]. Chu and Zhu estimated Chinese EV ownership based on the Bass model and the GM (1, 1) model [14], while Zhang et al. used the Bass model and the Lotka–Volterra model [15], which predicted different future results and analyzed the difference. Li et al. analyzed the impact of government policies EV diffusion in complex networks [16]. Liu and Xiao used the system dynamics (SD) model to explore the impact of the policy incentive factor on EV development [17]. Gómez et al. analyzed the effect of EV purchase incentives on EV adoption in the European Union [18].



In contrast to the existing literature, this study aimed to investigate the patent pool licensing strategy in the EV cell industry, which is different from past studies in terms of the industry, supply chain structure, influencing factors, and approach. The goal of the study was to find what the key factors are, how these factors influence each other, and what the best strategy is to maximize the return of the patent pool members with an evolutionary game and optimization algorithm approach. We hope that our results will support decision makers in identifying ways of promoting innovation diffusion and maximizing return through innovation channels, which contributes to extending the innovation diffusion theory and has managerial and policy implications regarding patent pool licensing strategies in the EV cell industry.



The assumption of our study was that several patent holders create an EV cell patent pool and that they also own EV cell producers that produce EV cells. These producers compete with each other to win market share and profits. The patent pool members do not need to pay a licensing fee for the patent pool, while the non-member licensees do. The patent licensing fees are allocated to the members of the patent pool based on their number of patent contributions. The non-member licensees can adopt EV cell technology from the patent pool or use a competitor’s technology.



This study aimed to answer the following questions:




	(1)

	
What are the innovation diffusion structures under the patent pool scenario?




	(2)

	
What are the factors that influenced the adoption of patent pools, which are the most important factors, and how do these factors influence each other?




	(3)

	
What is the best strategy to maximize the return of the players?









In order to answer these questions, we first introduced the innovation diffusion model so that we could better understand the supply chain structure and the key players [19]. We then developed an evolutionary game model with a simulation to investigate the payoff and evolutionary stable strategies (ESSs) and to uncover the factors that influence the adoption ratio (innovation diffusion ratio). Furthermore, we established a weighted object function and an optimization algorithm to identify the best patent pool strategy.




3. Proposed Model


3.1. The Innovation Diffusion Channel of the EV Cell Patent Pool


The innovation diffusion channel of the EV cell patent pool is illustrated in Figure 1. It consists of a patent pool, its members (who also own an EV cell producer), non-member EV cell producers, EV producers, and consumer markets. We focused on the relationship between the patent pool, its members, and its non-members.



The patent licensing relationship is explained as follows: The patent pool is created to integrate all necessary patents into one pool. The members are the patent holders of the patents in the patent pool, and the patent pool licenses the patents in the patent pool as a package to the external potential adopters or named non-member licensees. The patent licensing fee is distributed among the members of the patent holders based on their number of contributions to the patent pool.



Besides the patent licensing relationship, there exists market competition between EV cell producers and non-member EV cell producers, who supply EV cells to EV producers or, in some instances, directly to the consumer.




3.2. Assumptions


	(1)

	
Market potential assumptions: We assumed that the overall potential market size after its long-term evolution and the actual current market size follow a logistic growth model (i.e., short term to long term).




	(2)

	
Technology advantage assumptions: We assumed that the EV cell technology in the patent pool has a competitive advantage over other options, i.e., the EV cell has higher safety and performance, such as shorter charging time and longer battery range. The advantage ratio of the potential market share of the EV cell patent pool is in the range of [0.5, 1].




	(3)

	
Patent pool licensing assumptions: We assumed that patent holders in the patent pool can use the patents in the patent pool free of charge, while non-members need to pay a patent licensing fee to the patent pool at a package cost. The licensing fee is distributed to the members of the patent pool based on their contributions to the patent pool.




	(4)

	
Player assumptions: We assumed that there are EV cell patent holders in the patent pool (number n), that there are non-member licensees outside the patent pool (number s), and that each member or non-member owns one EV cell producer.




	(5)

	
Adoption decision-making assumptions: We assumed that producers’ adoption decision making is based on calculations and comparisons of the benefits and costs. If the benefit is greater than the cost to adopt the patent pool, then the adopter will choose to adopt; otherwise, they will not.








3.3. Payoff for Players


If the non-member EV cell producers adopt the patent pool technology, then the patent pool is diffused to the adopters (potential non-member licensees). The payoff matrix is shown in Table 1.



The payoff table was created based on the literature [3,11,13,16]. To simplify the analysis, we ignored factors such as government subsidies and patent pool commission, choosing instead to focus on the patent licensing and market competition cost and benefit factors according to the assumption in Section 3.2. The details listed in Equations (1) and (2) and the total return of the patent pool member was calculated as shown in Equation (3):


   B 1  =   a m   − l + r     n + s x    



(1)






   B  2     =     m u   1 − a       1 − x   s    



(2)






   P  A     =   a m q   n + s x   +   l m   1 − a    n   



(3)




where x is the ratio of potential adopters that adopted the patent pool technology, a is the technology advantage ratio of the patent pool, l is the patent pool licensing fee that non-member licensees pay per unit of EV cell, r is the EV cell producers’ unit profit if patent the pool technology is adopted, u is the EV cell producers’ unit profit if the patent pool technology is not adopted, s is the total number of non-members, and n is the number of patent pool members.




3.4. Replicator Dynamic Equation


The replicator dynamic equation (RDE) of a non-member EV cell producer is shown in Equation (4):


  F  x  =   d x   d t   = x     a m   1 − x     r − l     n + s x   −   m u   1 − a    s     



(4)




and its derivative is given in Equation (5):


    d F  x    d x   =   a m   1 − x     r − l     n + s x   −   m u   1 − a    s  + x   −   a m s   1 − x     r − l         n + s x    2    −   a m   r − l     n + s x      



(5)







Based on the replicator dynamic equation and its derivative, we found the two equilibrium points of x. Their derivative values are calculated as shown in Table 2.





4. Simulation


We used Vensim software (PLE, Ventana Systems. Inc, Harvard, MA, USA), which is based on system dynamics and was developed by Professor Forrester [20]. It has become an important method for qualitatively and quantitatively studying dynamic and complex systems to uncover the interaction or interplay between the components in the system [21]. The simulation diagram consisted of level variables, such as the adoption ratio, auxiliary variables (such as B1 and B2), and constants (such as the initial adoption ratio). The variable relationship could be set by linking the variables with equations. The flow rate formula and functional relationship are described by Equations (4) and (5). The time step was 0.0078125, the unit was years, the initial time was 0, the final time was 10, and the integration type was RK4 auto. The detailed diagram is shown in Figure 2.



To set the parameters for the simulation, the initial values were set according to the existing literature [13,14,15] and public resources in the Chinese market, such as listed reports of the Contemporary Amperex Technology Co., Limited. (No. 2, Xingang Road, Ningde, China) and BYD Company Ltd.(3009 BYD Road, Pingshan District, Shenzhen, China) The details are shown in Table 3.



4.1. Sensitivity Analysis of Factor r: Unit Profit of Non-Member EV Cell Producers That Adopts the Patent Pool


The simulation shows that the adoption ratio changed, along with the unit profit of non-member EV cell producers that adopted the patent pool, which is factor r. The simulation analysis found that r had a significant positive effect on the ESS, which is the stability ratio after long-term evolution; that is, the higher the unit profit, the higher the adoption ratio and the greater the diffusion depth of the technological innovation outside the patent pool. When the unit profit from the adoption of the patent pool technology was greater than 2000, the diffusion depth was greater than 50%, and the diffusion depth was 0% when the profit was 1000. If the unit profit was 4000, the diffusion depth was close to 90%, as shown in Figure 3.




4.2. Sensitivity Analysis of Factor u: Unit Profit of Non-member EV Cell Producers That Adopted the Non-Patent Pool Technology


Our analysis showed that the adoption ratio had a negative correlation with the unit profit of those that adopted the non-patent pool technology. We also found that the unit profit had a negative impact on the diffusion ratio; that is, the higher the cell unit profit, the lower the adoption ratio and the smaller the diffusion depth of technological innovation outside the patent pool. When the unit profit was above 2500, the diffusion depth was less than 50%, but when the unit profit was 1000, the diffusion depth was close to 70%, as shown in Figure 4.




4.3. Sensitivity Analysis of Factor l: The Patent Royalty of Each Unit EV Cell of Each EV Cell Producer That Pays for the Patent Pool


When the patent royalty was too high, the rational choice for EV cell producers was not to adopt the patent technology. The diffusion ratio thus decreased with a rise in the patent royalty, which had a negative influence on the depth of technology innovation diffusion; that is, the higher the patent royalty, the lower the adoption ratio, and less technology innovation diffused outside the patent pool. When the patent royalty was below 1500, the diffusion depth was greater than 50%, but when the patent royalty was more than 2000, the diffusion depth was less than 22.5%, as shown in Figure 5.




4.4. Sensitivity Analysis of Factor a: Patented Patent Pool Technology Advantage Coefficient


Our simulation showed that the advantage coefficient of patented pool technology had a significant impact on the diffusion depth of technological innovation if it had a comparative advantage over a competitor technology, such as in terms of performance, safety, or compatibility. The advantage coefficient had a positive correlation with the diffusion depth. When the advantage coefficient was 60%, the diffusion depth of the EV cell could reach near 40%; when the advantage coefficient was 70%, the diffusion depth was about 50%; and when the advantage coefficient was 90%, the diffusion depth could reach about 80%. That is, the advantage coefficient had a positive effect on the diffusion depth, and the effect was nonlinear, as shown in Figure 6.




4.5. Sensitivity Analysis of Factor n: Total Number of Patent Pool Members


The influence of the number of members in the patent pool (n) on the evolution of the system showed that the more firms there were in the patent pool, the smaller the diffusion depth; that is, the number of members in the patent pool had a negative impact on the evolutionary stability strategy, which was the depth of the technological innovation diffusion. When the number of members changed from 50 to 650, the diffusion depth changed from about 60% to 20%. Thus, we could conclude that the number of members in the patent pool had a negative influence on the depth of diffusion, as shown in Figure 7.




4.6. Sensitivity Analysis of Factors: Total Amount of Non-Member EV Cell Producers


Further analysis on the impact of the number of EV cell producers outside the patent pool on the evolution of the system (s) showed a positive impact on the depth of technological innovation diffusion, i.e., the more EV cell producers there were outside the patent pool, the greater the proportion of adoption of the technology in the patent pool. When the number changed from 500 to 1100, the depth of diffusion changed slightly, but the positive impact was not significant, as shown in Figure 8.





5. Optimization Algorithm


The critical decision making for optimal licensing strategies requires further study. Similar to [3], we found that the decision-making space included three major directions: adjusting the patent royalty, increasing the advantage coefficient via investment in R&D, and changing the number of patent pool members.



The objective function can be the weighted object function based on the adoption ratio and the patent holder’s profit. The lower limit of the adoption ratio of the objective function can be set by enterprises, such as expecting more than 50% of EV cell producers to adopt the patent pool technology; the weight can be changed to adapt to the actual situation.



The objective function is shown in Equation (6):


  m a x  f  = w     a m q   n + s x ∗   +   l m   1 − a    n    +   1 − w    x *   



(6)




subject to:


    x *  =   a l s − a n u − a r s + n u   s   a l − a r + a u − u       ∈   x _ l o w , 1   ,   if   the   ESS   exists    a ∈   0.5 , 1      l ∈   l _ l o w , l _ u p p e r     











The pseudo code of the optimization algorithm is shown below:




	Step 1.

	
Initialize the parameters;




	Step 2.

	
For a  ∈  (0, 1);




	Step 3.

	
For n  ∈  (n_low, n_upper);




	Step 4.

	
For l  ∈  (l_low, l_upper);




	Step 5.

	
If calculate x*    ∈   (x_low, 1);




	Step 6.

	
If deviation of x* < 0;




	Step 7.

	
Calculate the weight object function;




	Step 8.

	
Compare and record the max_obj;




	Step 9.

	
Update l under assigned step;




	Step 10.

	
Update n under assigned step;




	Step 11.

	
Update a under assigned step;




	Step 12.

	
Return max_obj.









Based on the assigned step for each factor, the local and global maximum object function is reported in Table 4, the weighted object function = 1 × (patent license return + market return) + 0 × diffusion ratio, the patent pool member step was 50 in the range [50, 500], the step of patent royalty was 500 in the range [500, 2100], the advantage coefficient step was 10% in the range [0.6, 0.9], and the lowest acceptable limit of the diffusion ratio was 50%.



The maximum weighted object function is given in bold in Table 4.



Furthermore, we adjusted the weight to w = 1/200,000,000, which put more emphasis on the diffusion ratio rather than the market and patent license return alone. The results are reported in Table 5. Compared with Table 4, we found that the global optimization value was different in terms of factors such as the patent royalty, diffusion ratio, and advantage coefficient.




6. Discussion and Conclusions


The existing literature argues that patents can be legal and financial barriers to the diffusion of technological innovation. To avoid this negative impact, a patent pool was proposed to tackle the litigation issues between licensors and licensees. The patent pool can reduce the patent transaction cost between the patent pool members. However, which patent pool licensing strategy is best for promoting technological innovation is still unclear, especially in the electric vehicle industry. In this paper, we discussed the use of the patent pool strategy in the electric vehicle supply chain, which is different from any study in the existing literature. The diffusion channel and the relationships between the electric vehicle cell producers were analyzed based on the supply chain structure of the industry. Additionally, a tailor-made optimization algorithm is lacking for the aforementioned electric vehicle cell supply chain.




	
First, this study contributed to investigating the innovation diffusion of electric vehicle cells via considering patent pool strategies by establishing an innovation diffusion channel model, which included members of the patent pool and non-members outside the patent pool, which were interlinked with relationships, such as the patent licensing relationship, patent pool mutual licensing relationship, and market competition relationship. The model can be a reference to clarify the roles of and complex relationships between players in the electric vehicle cell supply chain, which is different from other industries or supply structures in the literature. Additionally, the model that was developed in this study extended the innovation diffusion theory by integrating all the key players and their relationships into one model, which can also be helpful for other related research areas.



	
Second, the pay-off matrix and ESS of the players was analyzed based on several factors, including market competition factors and patent licensing factors, such as the technology advantage coefficient, number of patent pool members, number of non-member EV cell producers outside the patent pool, patent license fee, and unit profit for adopters when adopting different EV cell technologies. The evolutionary game model and its analysis extended the innovation diffusion study regarding electric vehicle cells and can also help decision makers in the industry to identify which factors need to be considered.



	
Third, based on the simulation of the evolutionary game, we distinguished the important and unimportant factors that impact the adoption ratio and the diffusion ratio, which can aid decision makers in the electric vehicle industry with finding and changing key factors. We found that the patent licensing fees, the advantage of the patent pool technology, and the unit profit of the non-patent pool technology were the most significant factors. Decision makers should focus on improving the competitive advantage of the patent pool technology and deliver more profit to its licensees with reasonable patent and production costs.



	
Fourth, we found that the return to the patent pool members had a non-linear relationship with several factors, and these factors influenced each other. For example, the stabilized diffusion ratio depended on other factors, and the advantage ratio could have both positive and negative effects on the members. Since competition and patent licensing relationships exist in the supply chain, it is difficult to find the maximum return for the patent pool members.



	
Lastly, for certain decision and policy makers, besides the financial return, there are other social and environmental returns to be considered. For example, a patent pool cell can have more energy-friendly benefits. Therefore, the weighted object function was introduced to have a more comprehensive object based on patent license returns, market returns, and diffusion depth. Furthermore, an optimization algorithm was introduced to find the maximum weighted object function, and the weight of the diffusion ratio can reflect other social or environmental benefits or returns.








Regarding the limitations and future directions, future research will follow three directions: (1) The study was based on the assumption that all necessary patent holders are in the patent pool and that they all own EV cell producers to compete with their licensees, while there are other scenarios that can be investigated in future research, for example, some of the patent holders choose not to engage in the patent pool but to compete with the patent pool or some of the patent pool members choose not to produce EV cells. (2) More empirical data could be collected for further analysis, for example, data from other countries (i.e., not just China). (3) The weight of the object function can be adjusted based on more factors or using different methodologies to adapt to the different decision- and policy makers’ actual requirements, such as to follow the national anti-trust laws regarding market share.
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Figure 1. Innovation diffusion channel of the EV cell patent pool. 
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Figure 2. Dynamic system simulation diagram. 
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Figure 3. Sensitivity test of factor r’s impact on the EV cell producer adoption ratio. 
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Figure 4. Sensitivity test of factor u’s impact on the EV cell producer adoption ratio. 
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Figure 5. Sensitivity test of factor l’s impact on the EV cell producer adoption ratio. 
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Figure 6. Sensitivity test of factor a’s impact on the EV cell producer adoption ratio. 
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Figure 7. Sensitivity test of factor n’s impact on the EV cell producer adoption ratio. 
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Figure 8. Sensitivity test of factor s’s impact on the EV cell producer adoption ratio. 
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Table 1. Payoff table for the EV cell producers (potential non-member licensees or potential adopters).
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Game Players

	
Potential Non-Member Licensee 2




	
Adopted Patent Pool (x)

	
Not Adopted Patent Pool (1−x)






	
Potential Non Member Licensee 1

	
Adopted Patent Pool (x)

	
B1, B1

	
B1, B2




	
Not Adopted Patent Pool (1−x)

	
B2, B1

	
B2, B2
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Table 2. Stability table of the EV cell producers.
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	Equilibrium Point x
	Derivative
	Stability



	0
	     m   − a s   l − r   + n u   a − 1       n s     
	Uncertain



	    x *  =   a l s − a n u − a r s + n u   s   a l − a r + a u − u       
	     m   −  a 2   l 2  s +  a 2  l n u + 2  a 2  l r s −  a 2  l s u −  a 2  n r u +  a 2  n  u 2  −  a 2   r 2  s +  a 2  r s u − a l n u + a l s u + a n r u − 2 a n  u 2  − a r s u + n  u 2      a s   − l n − l s + n r + r s       
	Uncertain
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Table 3. Initial parameter table.
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	Symbol
	Note
	Initial Value
	Unit





	m0
	Total market potential amount of EV cell—initial
	300
	Unit



	mp
	Total market potential amount of EV cell—long term
	15,000,000
	Unit



	a
	Patent pool EV cell technology advantage coefficient
	80
	%



	s
	Total number of non-member EV cell producers
	1000
	Unit



	n
	Total number of patent pool members
	50
	Unit



	x
	Share of non-member EV cell producers that adopted the patent pool technology
	30
	%



	l
	The patent royalty an EV cell producer that pays the patent pool produces from each unit
	1500
	USD



	q
	Profit for a patent holder in the patent pool that sells one EV cell unit
	2100
	USD



	r
	Unit profit for a non-member EV cell producer that adopts the patent pool
	2100
	USD



	u
	Unit profit for non-member EV cell producer that does not adopt the patent pool
	1300
	USD







The total market logistic formula = mp × m × EXP(Time × 4)/(mp + m × (EXP(Time × 4) − 1)).
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Table 4. Local and global optimization object function of EV patent holders in the patent pool.
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	Object Function
	Advantage Coefficient
	Patent Royalty
	Patent Pool Member
	Diffusion Ratio





	USD 61,138,462
	60.00%
	600
	150
	52.39%



	USD 76,233,333
	60.00%
	600
	100
	56.06%



	USD 33,950,000
	70.00%
	600
	400
	51.25%



	USD 36,514,286
	70.00%
	600
	350
	53.96%



	USD 39,600,000
	70.00%
	600
	300
	56.67%



	USD 43,440,000
	70.00%
	600
	250
	59.38%



	USD 48,471,429
	70.00%
	600
	200
	62.08%



	USD 75,761,538
	70.00%
	1100
	150
	53.49%



	USD 55,661,538
	70.00%
	600
	150
	64.79%



	USD 95,825,000
	70.00%
	1100
	100
	57.06%



	USD 67,800,000
	70.00%
	600
	100
	67.50%



	USD 33,630,000
	80.00%
	1100
	500
	50.94%



	USD 28,420,000
	80.00%
	600
	500
	64.38%



	USD 35,785,965
	80.00%
	1100
	450
	53.40%



	USD 30,126,316
	80.00%
	600
	450
	66.16%



	USD 38,283,333
	80.00%
	1100
	400
	55.85%



	USD 32,077,778
	80.00%
	600
	400
	67.95%



	USD 41,228,571
	80.00%
	1100
	350
	58.30%



	USD 34,342,857
	80.00%
	600
	350
	69.73%



	USD 44,787,500
	80.00%
	1100
	300
	60.75%



	USD 37,025,000
	80.00%
	600
	300
	71.51%



	USD 49,240,000
	80.00%
	1100
	250
	63.21%



	USD 40,293,333
	80.00%
	600
	250
	73.29%



	USD 55,114,286
	80.00%
	1100
	200
	65.66%



	USD 44,457,143
	80.00%
	600
	200
	75.07%



	USD 63,584,615
	80.00%
	1100
	150
	68.11%



	USD 50,184,615
	80.00%
	600
	150
	76.85%



	USD 104,100,000
	80.00%
	1600
	100
	52.73%



	USD 78,050,000
	80.00%
	1100
	100
	70.57%



	USD 59,366,667
	80.00%
	600
	100
	78.63%



	USD 34,380,000
	90.00%
	1600
	500
	55.17%



	USD 29,565,000
	90.00%
	1100
	500
	74.76%



	USD 26,960,000
	90.00%
	600
	500
	82.43%



	USD 36,470,175
	90.00%
	1600
	450
	57.41%



	USD 31,314,035
	90.00%
	1100
	450
	76.02%



	USD 28,484,211
	90.00%
	600
	450
	83.31%



	USD 38,866,667
	90.00%
	1600
	400
	59.66%



	USD 33,308,333
	90.00%
	1100
	400
	77.28%



	USD 30,205,556
	90.00%
	600
	400
	84.19%



	USD 41,657,143
	90.00%
	1600
	350
	61.90%



	USD 35,614,286
	90.00%
	1100
	350
	78.54%



	USD 32,171,429
	90.00%
	600
	350
	85.07%



	USD 44,975,000
	90.00%
	1600
	300
	64.14%



	USD 38,331,250
	90.00%
	1100
	300
	79.81%



	USD 34,450,000
	90.00%
	600
	300
	85.95%



	USD 49,040,000
	90.00%
	1600
	250
	66.38%



	USD 41,620,000
	90.00%
	1100
	250
	81.07%



	USD 37,146,667
	90.00%
	600
	250
	86.82%



	USD 54,257,143
	90.00%
	1600
	200
	68.62%



	USD 45,771,429
	90.00%
	1100
	200
	82.33%



	USD 40,442,857
	90.00%
	600
	200
	87.70%



	USD 61,507,692
	90.00%
	1600
	150
	70.86%



	USD 51,407,692
	90.00%
	1100
	150
	83.59%



	USD 44,707,692
	90.00%
	600
	150
	88.58%



	USD 73,300,000
	90.00%
	1600
	100
	73.10%



	USD 60,275,000
	90.00%
	1100
	100
	84.85%



	USD 50,933,333
	90.00%
	600
	100
	89.46%
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Table 5. Local and global optimization object function of EV patent holders in the patent pool.
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	Weighted Object Function
	Advantage Coefficient
	Patent Royalty
	Patent Pool Member
	Diffusion Ratio





	0.830
	60.00%
	600
	150
	52.39%



	0.942
	60.00%
	600
	100
	56.06%



	0.682
	70.00%
	600
	400
	51.25%



	0.722
	70.00%
	600
	350
	53.96%



	0.765
	70.00%
	600
	300
	56.67%



	0.811
	70.00%
	600
	250
	59.38%



	0.863
	70.00%
	600
	200
	62.08%



	0.914
	70.00%
	1100
	150
	53.49%



	0.926
	70.00%
	600
	150
	64.79%



	1.050
	70.00%
	1100
	100
	57.06%



	1.014
	70.00%
	600
	100
	67.50%



	0.678
	80.00%
	1100
	500
	50.94%



	0.786
	80.00%
	600
	500
	64.38%



	0.713
	80.00%
	1100
	450
	53.40%



	0.812
	80.00%
	600
	450
	66.16%



	0.750
	80.00%
	1100
	400
	55.85%



	0.840
	80.00%
	600
	400
	67.95%



	0.789
	80.00%
	1100
	350
	58.30%



	0.869
	80.00%
	600
	350
	69.73%



	0.831
	80.00%
	1100
	300
	60.75%



	0.900
	80.00%
	600
	300
	71.51%



	0.878
	80.00%
	1100
	250
	63.21%



	0.934
	80.00%
	600
	250
	73.29%



	0.932
	80.00%
	1100
	200
	65.66%



	0.973
	80.00%
	600
	200
	75.07%



	0.999
	80.00%
	1100
	150
	68.11%



	1.019
	80.00%
	600
	150
	76.85%



	1.048
	80.00%
	160
	100
	52.73%



	1.096
	80.00%
	1100
	100
	70.57%



	1.083
	80.00%
	600
	100
	78.63%



	0.724
	90.00%
	160
	500
	55.17%



	0.895
	90.00%
	1100
	500
	74.76%



	0.959
	90.00%
	600
	500
	82.43%



	0.756
	90.00%
	160
	450
	57.41%



	0.917
	90.00%
	1100
	450
	76.02%



	0.976
	90.00%
	600
	450
	83.31%



	0.791
	90.00%
	160
	400
	59.66%



	0.939
	90.00%
	1100
	400
	77.28%



	0.993
	90.00%
	600
	400
	84.19%



	0.827
	90.00%
	160
	350
	61.90%



	0.964
	90.00%
	1100
	350
	78.54%



	1.012
	90.00%
	600
	350
	85.07%



	0.866
	90.00%
	160
	300
	64.14%



	0.990
	90.00%
	1100
	300
	79.81%



	1.032
	90.00%
	600
	300
	85.95%



	0.909
	90.00%
	160
	250
	66.38%



	1.019
	90.00%
	1100
	250
	81.07%



	1.054
	90.00%
	600
	250
	86.82%



	0.957
	90.00%
	160
	200
	68.62%



	1.052
	90.00%
	1100
	200
	82.33%



	1.079
	90.00%
	600
	200
	87.70%



	1.016
	90.00%
	160
	150
	70.86%



	1.093
	90.00%
	1100
	150
	83.59%



	1.109
	90.00%
	600
	150
	88.58%



	1.098
	90.00%
	160
	100
	73.10%



	1.150
	90.00%
	1100
	100
	84.85%



	1.149
	90.00%
	600
	100
	89.46%
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