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Abstract— With a sponsored content plan in the internet market, the content 

provider (CP) can pay to the internet service provider (ISP) on behalf of the end-

users the network subscription fees. As such, CP, ISP and end-users are incentive to 

participate in the sponsored content. In this paper, we propose an internet market 

model with sponsored content. Furthermore, we investigate the interactions among 

CPs based on a non-cooperative game in terms of pricing, credibility of content and 

number of sponsored content. Additionally, the existence and uniqueness of the 

Nash equilibrium are proved through a detailed analysis. Based on the game 

properties, we propose a learning algorithm based on the best response dynamic 

that may lead the CPs to learn their strategies in a distributed manner. Numerical 

investigation shows the convergence of a proposed algorithm to the Nash 

equilibrium point and corroborates the fact that sponsoring content may improve 

the CPs outcome. 

 

Keywords— Pricing, Credibility of content, Nash equilibrium, Sponsoring, Game 
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1. INTRODUCTION 

The proliferation of social media, such as Facebook, Netflix, and Youtube, has 

increased the demand for content traffic, CPs are economically dependent on the amount 

of traffic consumed by end-users: more volume of traffic consumed conducted to more 

advertisement and then revenue. Therefore, one of the important challenges for CPs is 

how to incentive end-users for more access to the contents, and thus achieve a higher 

demand. For this reason, CPs are turning to new types of content pricing "sponsored 

content", sponsored content allows a CP to pay an ISP access fees, and thereby the end-

users can access contents from the CP through the ISP for free. In 2014, AT&T launched 

a data sponsored plan [1], where the CP (e.g., Youtube, Twitter) can pay the access price 

of end-users to their content through ISP. Examples in the USA are Netflix or Binge-On 

with T-Mobile, DIRECTV, etc. 

Between the CPs and end-users, the ISP provides network access. In a traditional 

model, the ISP charges the end-users for content access. With the sponsored content, the 

CPs cooperates with the ISP, and the CP will pay the networks access price. Therefore, 

the sponsored content plan causes a positive cycle for the ISPs, the CPs, and end-users, 

i.e., a win-win situation. The CP sponsored content can motivate more end-users to have 

a higher demand for their content. Accordingly, the higher demand gives more payoff of 
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the CP. For this reason, the academia and the industry has a remarkable interest to 

investigate the sponsored content scheme. 

In this paper, we investigate the complex interactions among the CPs under a 

sponsored content schema. More specifically, our contributions are summarized as 

follows:   

   • We present new models that include one important feature, the CP's revenue 

models with a sponsored content plan.  

   • We formulate the interactions among CPs as a non-cooperative game in terms of 

price, the credibility of content and number of sponsored content.  

   • We formally prove the existence and the uniqueness of the Nash equilibrium of 

the non-cooperative game among CPs, which means that there exists a stable state where 

all CP do not have an incentive to change their strategies. So, our model ensures the 

existence of an equilibrium for keeping the economy stable and achieving economic 

growth. We propose an iterative algorithm to achieve the Nash equilibrium.  

   • We conduct thorough numeric investigation to determine the effect of sponsored 

content on the strategies of CPs. In addition, the convergence of the proposed algorithm 

to the Nash equilibrium point is explored. We believe, based on results that the proposed 

economic model is general and feasible, and this is applicable to modeling the 

competition among CPs content market with a sponsored content plan.  

The rest of this paper is organized as follows. Section 2 discusses related work. In 

Section 3, we describe the system model. We prove the existence and uniqueness of a 

Nash equilibrium point in Section 4. Then, we present a numerical investigation in 

Section 5. In Section 6 conclusions and future. 

 

2. RELATED WORK 

Game theory has been applied to a wide range of networking problems to study the 

interaction of players seeking to maximize their profit [2-4]. The authors [5] study models 

that involve CPs, CDN providers and end-users. The authors formulate interactions 

among CPs and and among CDN as a non-cooperative game. In [6-7] the authors study 

competition between the CPs as a non-cooperative game. The authors in [8-9] studied 

competition between ISP in Information Centric Network using mathematical tools game 

theory. In the authors [10-11] modeled and studied competition between ISP where end-

users are bounded rational.  
The authors in [12] analyze a model with one CP several Internet Service Providers, 

where the CP can choose to sponsor a proportion of content and a level of advertisement. 

They show that sponsored content can be beneficial to the end-users and ISPs. In [13] the 

authors consider a sponsored content market with a single ISP, a single CP, and a set of 

end-users. The interactions among three entities are modeled as two-stage Stackelberg 

game. The authors have analyzed two scenarios: a scenario where the ISP and CP are in 

completion, and the scenario where the ISP and CP cooperate for a common goal. The 

authors [14] [15] in investigate joint sponsored and caching content under the non-

cooperative game. The interactions among ISP, CP, and end-users are modeled as a three-

stage Stackelberg game. In [16] the authors model the service selection process between 

end-users as an evolutionary population game, and pricing-then-sponsoring process 

between the CP and the ISP as a non-cooperative game. The authors show that 

sponsoring can help improve the profit of both provider (CP and ISP) and the end-user 

quality of experience. 
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3. PROBLEM FORMULATION 

We consider an Internet market model with multiple CP and an arbitrary number of 

end-users. End-users can access the contents of the CP only through the ISP network 

while CP provides the content to the end-users. The Internet market depends on three 

effective factors sponsoring, pricing and credibility of content. Under the assumption that 

each CP can sponsored content, it can decide to either sponsored the entire or a portion of 

the requested content. Let N , the number of content that the CP sells. The sponsoring 

strategy adopted by each ISP is denoted by S  that take values in the interval ][0,N . The 

CP pricing strategies set also consists of the content price 
cp  that the end-users should 

pay for content. Each CP advertises to the end-users credibility of content c . 

 

3.1. DEMAND MODEL 

We consider that demand of content from end-users to CP is a linear function affected 

by strategies of all CP, as for example in ([9] [8][22])as follows:  
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The parameter 
fd  expresses the potential demand of end-users. 

g

f , 
g

f  and 
g

f  they 

are tree positive parameters representing respectively the responsiveness of 
fCP  to price 

gp , credibility of content 
gc  and number of sponsored content 

gS . For 
fCP , the 

demand 
fD  decreasing in the price it charges, 

f
cp , and increase in the price charged by 

its opponent, 
g

cp . The analogous relationship holds in credibility of content and number 

of sponsored content, in this case 
fD  is increasing in 

fc  (resp. 
fS ) and decreasing in 

gc  (resp. 
gS ). 
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Assumption 1 implies that the influence of CP strategies on its observed demand is 

greater than the influence of the strategies of its opponent on their demand. 

 

3.2. UTILITY FUNCTION 

The utility of fCP  can be modeled as:  

fffftffuf
f

cf cDcpDSpDpU =                                                                      (2) 
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f  the cost to produce a unit of credibility of content 
fc . 

tp  represents the 

transmission fee that the CPs pay per unit of credibility of content 
fc . 

up  is sponsoring 

cost of CP per unit data and paid to the ISP. In the utility function, the first term is the 

revenue of 
fCP , the second term denotes the cost due to sponsorship, the third term is the 

cost to produce the credibility of content 
fc , and the fourth term is transmission fee 

results when the 
fCP  forwards to the end-users demand with credibility of content 

fc . 

Credibility of content 
ic  of 

fCP  is a function of the quality of content 
fcq  and the 

quality service 
f

sq , which is written as follows [7] [17]:  

f
c

f
sf qqc  =                                                                                                              (3) 

where   and   are two positive constants. The quality of content QoC for example, 

quality of video streaming [18]. 
f

sq  is quality of service QoS measure (e.g. delay, see 

[19] [20]). 

Then, the utility of 
fCP  is given by the following formula:  
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4. GAME ANALYSIS 
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c UG   denote the non-cooperative price QoC 

sponsoring QoS game (NPQSQG), where  ={1, ..., F} is the index set identifying the 

CPs, 
f

c  is the price strategy set of 
fCP , 

f
s  is the QoS strategy set of 

fCP , 
f  is 

the sponsoring strategy set of 
fCP , 

f
c  is the QoC strategy set of 

fCP  and (.)fU  is 

the utility function of 
fCP  defined in equation (4). We assume that the strategy spaces 

f
c , 

f
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f
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4.1. PRICE GAME 

A NPQSQG in price 
cp  is defined for fixed 

ss q , S , 
cc q  as 

[=),,( csG qSq , )}],,(.,{},{ csf
i

c U qSq .  

Definition 1 A price vector ),...,(= **

1
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Theorem 1 For each 
ss q , S , 

cc q , the game [ , 

)}],,(.,{},{ cssf
f

c U qSq  admit a unique Nash Equilibrium.  

 

Proof 

To prove existence, we note that the strategy space 
f

c  is defined in the closed 

interval bounded by the minimum and maximum prices. Thus, the strategy space 
f

c  is 

nonempty, convex, and compact subset of the Euclidean space 
NR . In addition, the 

second order derivative of the utility with respect to the prices is negative as below :  
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The second derivative of the utility function is negative, then the utility function is thus 

concave, which ensures existence of a Nash equilibrium point in the game ),,( csG qSq . 

We use the following proposition that holds for a concave game [21]: If a concave 

game satisfies the dominance solvability condition :  
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then the game ),,( csG qSq  admits a unique Nash equilibrium point. 

The mixed partial is written as:  
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Thus, the game ),,( csG qSq  admit a unique Nash equilibrium point.  
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4.2. NUMBER OF SPONSORED CONTENT GAME 

A NPQSQG in number of sponsored content is defined for a fixed 
cc p , 

ss q , 

cc q  as [=),,( cscG qqp , )}],.,,({},{ cscff U qqp .  

Definition 2 A sponsoring vector ),...,(= **

1
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Theorem 2  For each 
cc p , 

ss q , 
cc q , the game [ , 
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Proof 

To prove existence, we note that the strategy space 
f  is defined in the closed interval 

bounded by the minimum and maximum number of sponsored content. Thus, the strategy 

space 
f  is nonempty, convex, and compact subset of the Euclidean space 

NR . In 

addition, the second order derivative of the utility with respect to the number of 

sponsored content is negative as below :  
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The second derivative of the utility function is negative, then the utility function is thus 

concave, which ensures existence of a Nash equilibrium point in the game ),,( cscG qqp . 

We use the following proposition that holds for a concave game [21]: If a concave 

game satisfies the dominance solvability condition :  
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then the game ),,( cscG qqp  admits a unique Nash equilibrium point. 

The mixed partial is written as:  
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Thus, the game ),,( cscG qqp  admit a unique Nash equilibrium point. 
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4.3. QoC GAME 

A NPQSQG in QoC is defined for a fixed 
cc p , 

ss q , S  as 

[=),,( Sqp scG , ,.)}],,({},{ Sqp scf
f

c U .  

Definition 3 A QoC vector ),...,(= **
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Theorem 3  For each 
cc p , 

ss Qq , S , the game [ , 

,.)}],,({},{ Sqp scf
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c U  admit a unique Nash Equilibrium. 

 

Proof 

To prove existence, we note that the strategy space 
f

c  is defined in the closed 

interval bounded by the minimum and maximum QoCs. Thus, the joint strategy space 

f
c  is nonempty, convex, and compact subset of the Euclidean space 

NR . In addition, 

the second order derivative of the utility with respect to the QoC is negative as below :  
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The second derivative of the utility function is negative, then the utility function is thus 

concave, which ensures existence of a Nash equilibrium point in the game ),,( Sqp scG . 

We use the following proposition that holds for a concave game [21]: If a concave 

game satisfies the dominance solvability condition :  
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then the game ),,( Sqp scG  admits a unique Nash equilibrium point. 
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Thus, the game ),,( Sqp scG  admit a unique Nash equilibrium point.  
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4.4. QoS GAME 

A NPQSQG in QoS is defined for a fixed 
cc p , S , 

cc q  as 

[=),,( Sqp ccG , )}],,.,({},{ ccf
f
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Theorem 4  For each 
cc p , S , 

cc q , the game [ , 
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f

s U qSp  admit a unique Nash Equilibrium.  

The QoS game has the same analysis as QoC game, just we replace   by  . 

 
4.5. LEARNING NASH EQUILIBRIUM 

The section mentioned above shows clearly that the Nash equilibrium point is unique. 

Now, we devise an algorithm that converges to the Nash equilibrium in a distributed 

manner based on the best-response dynamic. A best response dynamics scheme contains 

a series of rounds, wherein each round, each CP observe the policy taken by its 

competitors in previous rounds and input them in its decision process to update its policy. 

In the first round, the choice of each CP is the best response based on its arbitrary belief 

about what the other players will choose. 
Algorithm 1 summarizes the best response learning steps that each CP has to perform 

in order to find the Nash equilibrium point. 

 

Algorithm1 : Best Response Algorithm Dynamics 

Initialize vectors (0)](0),...,[=(0)x 1 Fxx  randomly; 

For each fCP , f K  at time instant t  compute:   

    •  ( 1) = argmax ( ( ))
f f

x X
f f

x t U t


 x .  

If  f , |<)(1)(| txtx ff  , then STOP. Else, 1= tt  and go to step (2) 

 

Such as:  

    •   x  refers to the vector price 
cp , vector of sponsored content S , vector 

sq  and 

vector 
cq .  

    •   
k

X  refers to the policy profile price, number of sponsored content, QoS or QoC. 
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5. NUMERICAL INVESTIGATION 

In this section, we perform the simulations to evaluate the strategy of CPs under 

competitive cases, where each CP sponsored a number of content. We consider a scenario 

with two homogeneous CP seeking to maximize their payoff. The parameter values used 

in the numerical investigation are summarized in Table I. 

Table I. Setting used for numerical simulations 
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Fig. 1   Price game: Convergence to the Price at Nash equilibrium 

 

Fig. 2   Price game: Convergence to the QoC at Nash equilibrium 
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Fig. 3   Price game: Convergence to the QoS at Nash equilibrium. 

 

Fig. 4   Price game: Convergence to the number of sponsored content at Nash equilibrium. 

Figures 1, 2, 3 and 4 illustrate the convergence to equilibrium price, number of 

sponsored content, QoS and QoC. This figure shows the number of iterations needed for 

convergence to the Nash equilibrium point, it is clear that the speed of convergence is 

relatively high. The Figures 1, 2, 3 and 4 demonstrates the existence and uniqueness of a 

Nash equilibrium point at which no CPs can profitably deviate given the strategies of 

another CP. 
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Fig. 5   Equilibrium price 
cp  as a function of number of sponsored content S  

We investigate the impact of the number of sponsored content S  on the price 
cp , as 

illustrated in Fig. 5. When the number of sponsored content S  increase the price 
cp  

increase. The intuition is that as the number of sponsored content S  increase, the 

sponsoring cost increase. Therefore, the CP need to increase their price 
cp  in order to 

compensate the increase in the sponsoring cost. The CP needs to choose a lower price to 

attract more end-users to consume more sponsored content. 
 

 

Fig. 6   Equilibrium QoC 
cq  as a function of number of sponsored content S  
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Fig. 7   Equilibrium QoS 
sq  as a function of number of sponsored content S  

Figs. 6 and 7 shows the QoS and QoC as function of number of sponsored content S . 

The QoS and the QoC decrease as the number of sponsored content get increases S . The 

reason is that as the number of sponsored content S  increases, the sponsored content 

demand of the end-users increases. Therefore, the transmission fee increases. Thus, the 

CP needs to slightly decrease its QoS and QoC to compensate the increase in the transit 

cost. 
 

 

Fig. 8    Utility as a function of number of sponsored content S  

We plot the expected utility of CPs as a function of the number of sponsored content 

S  in Fig. 8. Utility increase with respect to the number of sponsored content S . As S  

increases, the sponsored content demand of the end-users increases. Moreover, the 
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increase of the sponsored content demand leads to the profit improvement of both CP 

since they can sell more content to the incoming end-users. 

 

6. CONCLUSION 

In this paper, we developed an analytical framework for sponsoring content in the 

internet market that comprises of multiple content provider and end-users. We have 

formulated the interactions among the CPs as a non-cooperative game. Then, we have 

analytically analyzed the game. Furthermore, we proved the existence and uniqueness of 

the Nash equilibrium point in a competitive market under our proposed model. This result 

is significant because it implies that a stable solution with suitable economic incentives in 

sponsoring content is feasible in the internet paradigm. Additionally, we have proposed a 

distributed algorithm based on best response dynamic, which is ensured to converge to 

the Nash equilibrium point. Through the extensive simulation analysis, it has been 

verified that sponsoring content can improve the profit of CP. 
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