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Abstract - This study establishment evolutionary game model under a combination of related strategic factors. It obtains local 

equilibrium points via replicated dynamic equation and uses the Jacobian Matrix to analyze the stability of equilibrium. The 

results show that if the extraneous income is less than the cooperation cost, both sides may adopt non-cooperative strategies. 

Additionally, if the network externality benefit minus cooperation cost is greater than the spill-over effect, they will adopt 

cooperation strategies. The probability of cooperation will gradually decrease with increase in cooperation cost; the greater the 

network externality, the more the probability of cooperation. As the cooperators’ income from individual research and 

development rise, so does the probability of cooperation. 
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I. INTRODUCTION 

 

With the rapid rise of OTT service, telecom operators 

are facing a genuine threat. OTT is not only eroding 

their core business and the revenue from fixed network 

and mobile audio, but, more importantly, it is 

gradually ending the toll mode of the telecom 

operators, which heretofore has been the basic 

network for the whole Internetecosystem. In the face 

of the OTT challenge, telecom operators have been 

forced to transform themselves. Competition between 

them is increasingly fierce. Facing great challenges 

posed by OTT, the measures the telecoms may take are: 

a comprehensive blockade of the OTT application, 

establishment of partnerships with OTT service 

providers, or launchingtheir own branded OTT 

businesses. 

 

Therefore, how telecom operators face the steady 

encroachment ofaggressive OTT providers is the 

impetus behind this study.Typical game theory 

emphasizes the requirement for complete rationality. 

However, participants in the game will actually be 

affected by many irrational factors. Enterprise 

strategy’sinteraction with the market is constantly 

changing, which approach is stable and sustainable for 

a certain period of time. Over the long-term, telecom 

operators need to make multiple strategic choices vis a 

vis OTT providers. Telecom operators and OTT 

service providers are not completely rational. Because 

of the constant changes in the market and other factors, 

the best strategy cannot be found at the beginning. 

Instead, they must constantly learn and adjust in the 

game until they find the most appropriate equilibrium 

strategy.  

 

This study adopts the theoretical framework model of 

the evolutionary game and, based on the network 

externality, constructs a model to assessthe 

competition and cooperation between the two formats. 

Through the established evolutionary game model and 

numerical simulation analysis, the dynamic evolution 

between OTT and the telecomsare discussed with an 

eye toward strategic factors such as the sharing of 

cooperationcosts, non-cooperative income, the 

incomedistribution mechanism of cooperation, and the 

strength of network externality. With the help of this 

study, future telecom operators may draw up 

innovative business modelsinresponse to the impact of 

OTT services and find possibilities for strategic policy 

in the competitivegame, creating win-win 

situationseven as OTT services arefast developing. 

The main contents of this thesis, then, are as follows: 

the second section discusses the research background 

of OTT service providers and telecom operators’ 

evolutionary game model. The third section describes 

the evolution of research methods. In the fourth 

section, we perform a numerical simulation analysis of 

OTT service providers and telecom operators to verify 

the theoretical results of the model. Finally, 

conclusions regarding the topics discussed are 

proffered. 

 

II. LITERATURE REVIEW 

 

Evolutionary Game Theory was first developed in 

1973 by theoretical biologists John Maynard Smith 

(1920-2004) and George Robert Price (1922-1975) as 

a means of explainingnatural animal behavior in terms 

of game theory(Hofbauer and Sigmund, 1998). 

Compared with the static equilibrium of traditional 

game theory, the evolutionary game took advantage of 

dynamic evolution to describe the proportion and 

frequency of changes in the internal decision-making 

of groups.  For evolutionary games, scholars changed 

the traditional theory to accord with the laws of 

biological evolution, including converting the payoff 

function to abiological fitness function. Fitness isthe 
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core concept of biological evolution theory, which is 

used to describe the ability of gene reproduction 

(Sober, 2001).  

 

In the evolutionary game, a certain degree of fitness 

can be explained as the growth rate of the number of 

players after each game. The mutation mechanism was 

introduced to test the stability of the evolutionary 

equilibrium and transform the traditional Nash 

equilibrium into an Evolutionarily Stable Strategy 

(ESS) (Smith and Price, 1973).In other words, if all 

individuals in a group adopt the same strategy, then no 

other strategies could invade it, barring mutation. This 

is the ESS. With the introduction of a selection 

mechanism, the establishment of replicator dynamics 

described changes in the evolution of certain groups’ 

internal strategies. In ahomogeneous group 

containingan infinitenumber of individuals, one could 

use the equations defined byreplicator dynamics to 

predict changes in population composition or 

determine population stability.  

The replicator equation was first proposed by Taylor 

and Jonker in 1978 to discuss equilibrium points in 

dynamic systems. Evolutionary game theory was 

another way of thinking about game theory and is 

considered part of its research scope(Schmidt, 2004). 

Its development was largely driven by numerous 

excellent game theorists(e.g., Weibull, 1995; 

Fudenberg and Levine, 1998; Young, 1998). 

 

In the literature on evolutionary game applications, 

Freidman and Fung (1996) saw it as a means to assess 

a company’s organization and also trade between two 

countries. Decisions on company’sorganization 

depend on its state of distribution and economic 

environment variables, which increase benefits 

through organizational transformation. The author 

employed evolutionary game theory to constructthe 

evolutionary process and equilibrium model of 

company decisions under various parameters, and 

reviewthe trade situation between the two countries. 

Haruvy and Prasad (2001) used evolutionary games to 

predict how users will determine decision-making 

behavior of other users. It showed that most software 

vendors, prior to product release, will create a network 

externality by providing free or trial software to attract 

users. This enables potential, but not current, users to 

join in order to achieve more efficient use, thereby 

improvingfuture business values. Jiet al. (2015) 

proposed an evolutionary game model to explore how 

suppliers and manufacturers could establish long-term 

green procurement standards and observe the 

tendencies of cooperation and ESS between 

sides.Nowak and Sigmund (2004) used the 

evolutionary game to examine how competitors’ 

behaviors affect their incomesunder different strategic 

choices. In view of evolutionary game theory, Jinet 

al.(2010) converted multi-objective optimization into 

game strategies.They optimizedthem by using 

continuous strategy selection and adjustment 

processes. Naini et al. (2011) combined evolutionary 

game theory and balanced scoring to develop a 

measurement system that provides managers with 

suggestionsand guidelines for performance and 

evaluation of the environmental supply chain 

management system. Vasileet al. (2012) proposed 

different decision-making factors that might affect an 

enterprise’s profits.They discussedfundamentals of 

cooperation and competition, determining 

evolutionarily stable strategies under various 

situations. 

 

This article draws on the concept of natural selection 

in biological systems and uses evolutionary games to 

view competing relationshipsform different angles. 

From the perspective of the overall industry chain, it 

will analyze the game behavior of limited rational 

OTT service providers and telecommunication 

operators.  

 

III. MODEL AND ANALYSIS 

 

In analyzing and exploring the relevant strategic 

factors, the study stipulated that the telecom operator 

be represented by i, and the OTT service provider byj. 

If both parties adopted non-cooperation strategies, 

each one’sincomewas   and    respectively. The 

utility of their products and services was 

commensurate with the number of people using them 

referring to the characteristics of network externalities. 

Suppose that piand pjrepresented the strength of the 

network externalities of telecom operators and OTT 

service providers, respectively, then           . 

N indicated the number of users obtained when both 

sides adopted cooperation strategies. Then piN and pjN 

represented the network externality gains that the 

telecom operator and the OTT service provider 

achieved through cooperation.The distribution ratio of 

the network externality gains was expressed as  , 

such that      . The incomegenerated by 

telecomoperators and OTT service providers who 

chose to use R&D separately was expressed as   and 

  . Now, suppose that the total cost spent by them in the 

cooperative strategy was expressed as C. Then,r 

represented the ratio of the parties to the cost 

allocation. The extra incomefrom the spill-over effect 

for the non-cooperating party may have resulted from 

informational technology or knowledge of the 

cooperative party,when one party chose to cooperate 

and the other did not. They would be represented as ei 

and ej respectively. 

 

Assume that the probability of a telecom operator 

adopting a cooperation strategy in the evolution of 

corporate operations was x, and the probability of 

adopting a non-cooperation strategy was 1-x.The same 

assumption hasthe OTT service provider adopting a 

cooperation strategy with a probability of y anda 

non-cooperation strategy of 1-y. 
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Based on the foregoing assumptions, the studywould 

show the evolutionary game payoffs matrix organized 

corresponding to strategic factors drawn up by the 

telecom operator and OTT service provider under the 

model of the evolutionary game. 

 

 
Table 1 Payoffs matrix 

 

When telecom operators adopt a cooperative strategy, 

the expected payoffsare 

 
When they adopt a non-cooperative strategy, the 

expected payoffsare 

 
Therefore, the overall expected payoffs of 

telecom operators are based on equations (1) and (2). 

 
When OTT service provider adopt a cooperative 

strategy, the expected payoffs are 

 
When they adopt a non-cooperative strategy, the 

expected payoffs are 

 
The overall expected payoffsfor OTT service 

providers are based on equations (4) and (5). 

 
The replicated dynamic differential equation was used 

to describe the frequency with which a strategy was 

applied across an entire population. The relative 

fitness of the strategy was determined by the growth 

rate of the proportion of individuals in the group who 

had adopted it. If the relative fitness of a strategy was 

better than the average fitness of the group, then it 

would be adopted by more and more participants. 

Therefore, the change in the proportion of telecom 

operators who chose cooperation strategies was based 

on the following conditions: first, the proportion of 

cooperation strategies that had been adopted; second, 

the individual benefits that had already accrued from 

the cooperation strategy exceeded the average revenue 

of the group. Therefore, we assumed that the time was 

t, and the replicator dynamic equation of the telecom 

operator choosing cooperative strategy was 

 
 

Equation (7) presents the evolutionary concept of the 

telecom operator community in the process of 

replicator dynamics. When the revenue from adopting 

a cooperative strategy is greater than the average 

overall expected revenue, the proportion of the group 

adopting the strategy will increase. When the 

proportion of participants in the game no longer 

changes, it will reach a stable state, i.e.       
  

  
 

 . If   
     

          
, regardless of the value of x, it is in 

a stable state. If  
     

          
  the ESS requires that 

the replicator dynamic equations should meet the 

following two conditions:                 when 

  
     

          
,     . When   

     

          
,      

is an ESS. 

Similarly, the OTT service provider’s replicator 

dynamic equation is 

 

If 
  

  
  ,

  

  
  , in accordance with the method 

outlined by Friedman (1991), we can obtain five 

partial equilibrium points in the plane of the system 

                 , namely O(0,0), A(1,0), 

B(1,1), and C. (0,1), D(     ), where, 

 
 

The equilibrium point D(     ) is a saddle point with 

uncertainty. That is, when the probability of a telecom 

operator adopting a cooperation strategy reaches a 

certain value, the probability of the OTT service 

provider selecting a cooperation strategy will 

gradually increase or decrease. After a long period of 

repeated learning and adjustment, the rational game 

participants will tend to choose cooperative or 

non-cooperative strategies. 

The foregoing equilibrium points can achieve stability 

of the group's dynamic equilibrium points through the 

local analysis of the Jacobian Matrix. The 

corresponding Jacobian matrix of the system is as 

follows: 

 
The determinant of the matrix is 

 
The trace of the matrix is 

 
 

When the corresponding matrix determinant 

equilibrium point of the system is Det(J) > 0, and the 

matrix trace Tr(J) < 0, the equilibrium point will be in 

a locally asymptotic stable state. When the equilibrium 

point of the system satisfies Det(J) > 0 and Tr(J) > 0, it 

will be in an unstable state. If Det(J) <0 and Tr(J) = 0, 

the equilibrium point is saddle point. When analyzing 

the stability of the five partial equilibrium points listed 
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above with Jacobian Matrix, the analysis results are as 

follows: 

 
Table 2 Analysis Results of Local Stability 

 

Our study further analyzes which factors will 

influence the evolutionary game and the final trend. 

Assume that the area of ADCO in Figure 1 is   , the 

area of ADCB is   , and the final evolution of the 

game will bedetermined by the sizes of    and   . 

When      , the probability of the system 

converging to the equilibrium point B (1,1) is greater 

than the probability of convergence to O (0,0). At that 

point, the probability of the system converging to 

equilibrium point B (1,1) is greater than its 

convergence to O (0,0). Eventually the probability of 

both sides adopting cooperation strategies will be 

greater, and the system will evolve through the DB 

path toward the stable state B (1, 1).  

 

Conversely, when      , the probability that the 

system will converge to the equilibrium point O(0,0) is 

greater than it converging to B(1,1).The probability of 

both parties adoptingnon-cooperative strategies will 

be greater, and the system will evolve through the DO 

path toward the stable state B (0, 0). If the area of the 

ADCO(  ) is the same as the area of the ADCB(  ), it 

is uncertain which way the system will evolve. 

 
Figure 1. Evolutionary phase plane 

 

Therefore, the affected areas can be transformed into 

factors that affect the system's ESS. This article 

analyzes the area of the ADCO   .  

 
From the above equation, it can be seen that changes in 

other parameters, i.e.                           will 

affect the ADCO area.After taking the first or second 

derivation of each parameter, the following results are 

obtained: 

 

Area    is a monotonically increasing function of cost. 

With the gradual increase in the cooperation cost 

between the parties, the area of   will increase, and 

the probability of cooperation will gradually decrease. 

 
The area    is a monotonically decreasing function of 

N. As the number of users increases through the 

cooperation ofboth sides, the area   will gradually 

decrease. The system will converge to point B(1,1). 

The probability of cooperation between telecom 

operators and OTT service providers will increase. 

 
  is a monotonically decreasing function of   . 

As the telecom operator’s network externalities grow 

stronger, the system will converge to point B(1,1), and 

the probability of cooperation between the two sides 

will increase. 

 
When                           

ei, ∂S1∂ >0, S1is a monotonically increasing 

function of  . When                  

            , ∂  ∂    ,   is a monotonically 

decreasing function of  . 

 

IV. AN APPLICATION 

 

According to the actual situation and assumptions of 

the model, it is assumed that the total cost of both sides 

adopting the cooperation strategy is 

             . The number of users in the 

cooperative state is          , the network 

externality intensity factor is                , the 

income from the spill-over effect is       

         , and the separate research and 

development income is                . A cost 

sharing ratio is             under the state of 

cooperation, and a proportion of income distribution is 

           . 
 

First, set the initial values of x and y. Then, set the 

different parameter changes and discuss the 

cooperation and non-cooperation trends of both sides 

through Replicator Dynamics Equations of (7) and (8). 

The parameters are displayed in the following table: 

 

 
Table 3 Analog Parameter Values 

 

Trends in cooperation and non-cooperation under 

different parameter settings are shown in Figures 2-5. 

The solid line indicates the trend of changes for the 

telecom operators adopting cooperation strategies, 
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while the dotted line represents the OTT service 

providers. 

 

In the event that the parameters in condition 1 satisfy 

       , and      ,          , even if the 

initial value is set to x=0.65, y=0.6, the trend of 

cooperation will be slightly increased, although 

telecom operators are in the initial analog stage. Yet, if 

the extraneous incomegenerated by cooperation 

between both sides is less than the cost, the dynamic 

replicator system will eventually converge to ESS 

(0,0), which means that both parties will adopt 

non-cooperative strategies. 

 

Take the case where the parameters in condition 2 

satisfy the values of      and          

         . Set the initial value as x=0.65, y=0.6, 

and observe how the cooperation trend for the OTT 

service provider is relatively high, even in the initial 

stage. Yet, when the provider adopts a cooperation 

strategy, the benefit of the network externality, minus 

the cooperation cost, is less than the extra income 

obtained from non-cooperation.Consequently, the 

replicator dynamic system will converge to the ESS 

(1,0). As a result, the telecom operators adopt a 

cooperation strategy as opposed to the OTT providers’ 

non-cooperation strategy. 

 

  
Fig. 2 ESS(0,0) Evolutionary 

Trend Path 

Fig. 3 ESS(1,0) Evolutionary 

Trend Path 

 

In the case where the parameters in condition 3 satisfy 

           and                   , 

even if the cooperation trend for the parties’ initial 

state are set to x=0.4 and y=0.3, the benefit of the 

network externality income, minus the cooperation 

costsforboth sidesto adopt the strategy, is greater than 

the extraneous incomefrom the non-cooperative 

strategy spill-over effect. The replicator dynamic 

system will converge to the ESS (1,1). In this state, 

both sides eventually adopt a cooperative strategy. 

 

Where the parameters in condition 4 satisfy      
     and          ,set the initial value as 

x=0.65 ， y=0.6. After observation, even if the 

cooperation trend of the telecom operator is relatively 

high in the initial stage, when it adopts a cooperative 

strategy, the benefit of network externality minus the 

cooperation cost is less than the extraneous income 

gained from the spill-over effect when 

non-cooperative strategies are adopted. The final 

replicator dynamic system will converge to the ESS 

(0,1). That means that telecom operators will adopt 

non-cooperative strategies to OTT providers’ 

cooperative strategies.  

 

  
Fig. 4 ESS(1,1) Evolutionary 

Trend Path 

Fig.5ESS(0,1) Evolutionary 

Trend Path 

 

V. CONCLUSION 

 

The results showed that if the independent R&D 

extraneous income generated by mutual cooperation 

amounts to less than its cost, both sides may adopt 

non-cooperative strategies. If the benefit of network 

externality under cooperation, minus its cost, is less 

than the extraneous income gained from the spill-over 

effect undernon-cooperation, then the participants will 

choose non-cooperative strategies. When the benefit 

of network externality under cooperation, minus its 

cost, is greater than the extraneous income gained 

from the spill-over effect under non-cooperation, then 

they will cooperate. The probability of cooperation 

between both sides will gradually decrease as the cost 

of cooperation. Blind investment will reduce the 

probabilityof cooperation. The greater the utility of the 

network, the greater the number of users, with a 

growing possibility of cooperation between both 

sides.Extraneous income gained from the spill-over 

effect will increase the probability of non-cooperation; 

the greater the income of the partner’s research and 

development, the greater the chance of cooperation 

between both sides. The greater the income 

distribution ratio of participants in the game, the 

greater the cost distribution ratio will be, and the 

greater the probability of cooperation will be. 
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