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Abstract  
   Due to the limitation of spectrum in the network and the increasing of the demand 

of the spectrum in the network, spectrum-sharing techniques are used to increase the 

efficiency of the network. Dynamic Spectrum Sharing Network is one of the 

techniques that describe the intelligent networks such as Cognitive Radio networks, 

Cognitive Radio, and Software Defined Radios.  

   Game theory is one of the analytical tools that analyze the behavior of the users in 

the network when there is interaction between the users. This game can be 

cooperative or competitive. Repeated game model is one of the game models where 

the players (users) interact with each other and after every interaction there is 

outcome for each players depending on the actions they used in that stage of the game. 

Therefore in repeated game model the history of the action of the players is important 

to determine the next stage actions. 

   In this work the repeated game model is implemented for cellular network in certain 

scenario, calculation for the utility at the end of the game, comparison between FSA 

and DSA systems in this scenario, and the efficiency of the system is obtained. The 

comparison between the Repeated model and Cognitive Radio with iteration 

technique is also made due to the type of communication (short, or long) to show the 

best efficiency and the best model for the network due to the type of communication.  

The comparison shows that the efficiency of the repeated game model is suitable for 

the short communication and the cognitive radio with iteration technique is better in 

the long communication system. 
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Chapter	  1	  
Introduction:  

   Due to the limitation of spectrum in the network and the increasing of the demand of 

the spectrum in the network, there should be solutions to improve the performance of the 

networks; one of these solutions is Dynamic Spectrum Access (DSA) where different 

operators can share the spectrum. In this thesis the behavior of the operators in DSA will 

be investigated using the repeated game theory model to understand the effect of the 

behavior and the interaction between the operators, and a comparison between the long 

and short communication in different models (Repeated Game & Cognitive Radios with 

iteration) is made, so that it can show the efficient of the repeated game in the assumed 

scenario. 

The problem: 

   In DSA model the different interaction between the operators and their behavior will 

lead to different utilities. The repeated Game Theory model will be used to investigate 

these behaviors in order to get the maximum outcome and at the same time the 

maximum satisfaction for all the operators (Players). 

Thesis outline: 

   Chapter 2 gives an overview of the history of Game theory, the spectrum sharing 

networks, and previous work and problems solved using game theory. Chapter 3 

discusses the game theory and the repeated game models in details and the components 

of the game model. Chapter 4 shows the simulation and the results, and a comparison 

between different types of communication that shows the efficient of repeated game 

model, and in Chapter 5 the conclusions, and future work. 
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Chapter	  2	  
2.1 Spectrum sharing: 

2.1.1 Overview about the spectrum:  

   In general the spectrum can be defined as electromagnetic radiation that underlies the 

wireless communication [6]. This spectrum has five main parameters to describe it, these 

parameters are: 

- Time (𝑡) 

- Frequency (𝑓) 

- Polarization (𝜃)  

- Space (𝑟𝑒𝑔𝑖𝑜𝑛  𝑅) 

- Transmission power  (𝑃) 

The spectrum can be divided into licensed and unlicensed spectrum. In the licensed 

there are more parameters to identify the spectrum like the user Id, owner type, and 

the duration of the license [6]. 

 

Fig 2.1 Spectrum Holes [9]. 
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 Figure 2.1 shows the spectrum holes where the DSA can take place and one of the 

parameters that describe the spectrum can be accessed. There are two main techniques to 

sense for spectrum holes: 

1. Channel sensing:  

The unlicensed users sense the channel to detect if there is primary signal or not. 

The main methods for signal detection are: 

i. Energy detection. 

ii. Matched filter. 

iii. Feature detection. 

Example of this network that uses this technique can be found in the cellular 

network.  

2. Geo-Location database:  

This technique is used when there is a service provider or service station and 

distributes the service in a large geographical area. The provider will reserve 

different channels for different subareas within the large contour for DSA, these 

different channels to avoid the interference.  [6] 

2.1.2 Spectrum access: 

  There are two kinds of spectrum access [7]:  

1) Static spectrum: the static spectrum cannot fulfill the increasing demand for 

services in network, because of the inflexibility of the spectrum. Where there are 

obstacles to access the spectrum through one or more of the parameters 

mentioned in page 5. This spectrum is used for special purpose such as in 

military field.  

 

2) Dynamic spectrum access: here the spectrum can be accessed through one or 

more parameters. Not all the parameters can be accessed in one model, i.e. the 

combination of the parameters can be accessed will define different kind models.  
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Figure 2.2 illustrates the models of spectrum access management, a brief overview 

follow the figure for the main spectrum access management models where the main 

difference between the models is the combination of the parameters accessed. 

 

	  

	  

Fig 2.2 Spectrum access management models. 

The spectrum access models are [7]: 

1) Command and control model: here the spectrum is allocated and cannot be 

shared. Since there is no competing interest the ownership entity does not follow 

any market mechanism. Example of this spectrum band is government, military 

used, radio astronomy and aeronautical operations. The usage of the Command-

Control mode is very low because of the increasing demands of the radio 

spectrum. 

2) Exclusive use model:  in this model the owner has the right to use the spectrum 

under certain rules. It has two different ways of use: 
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(1) Long-term exclusive use where the model manages the spectrum using space, 

frequency, and type of services should be mentioned. 

(2) Dynamic exclusive use where the model manages the spectrum using time, 

space and frequency. 

 

3) Shared-use of primary licensed spectrum model: here the licensed owner 

(primary) of the spectrum share same spectrum with non-licensed (secondary) 

owner, and here the effect of the secondary user has the minimal impact on the 

operating condition for the primary user, and this privilege can be controlled 

according to the design of the primary model. The advantage of this model is that 

it can increase the utilization and spectrum access. Two models for this (1) 

Underlay model, and (2) Overlay model. 

 

4) Common model: in this model no one can claim exclusiveness.  
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2.2 Previous work: 

   In any system game theory can be applied when there are interactions between users in 

one of the inputs of that system. Game theory used from the 1950 in many fields 

economic, social, and in the recent two decades game theory is applied in the field of 

communication system. 

   Game theory is analytical tool applied in the systems; it used to study many 

telecommunication problems and spectrum sharing techniques. In [1] game theory is 

used to analyze the power allocation problem of peer-to-peer systems in unlicensed 

bands. In [2] game theory is used to analyze peer-to-peer node conflicts. Most of the 

work used game theory for communication systems is in the decentralized systems peer-

to-peer [1] and [2], or primary/secondary usage context [3]. 

   Our work is an extension from previous work in [4]; the previous work presents 

framework for the DSA in cellular networks, it also model and analyze the inter-operator 

between the operators in the network using Game Theory for one stage,  

   It presents two models for DSA: 

1- Centralized model where the operators rewards inspired by Pareto Optimality 

concept. 

2- Distributed model where the operator rewards inspired by Nash Equilibrium 

concept. 

   Comparison between the centralized model and the Fixed Spectrum Access (FSA) 

model is made and the rewards using centralized concept exceed FSA method. The 

extension is to make this game multi-stages or repeated game with one of the known 

behavior and analyze this system. 

2.2.1 System description: 

   The network consists of two models, 1) System mode, 2) Traffic. 

2.2.2 System model: 

   The system model consists of Meta-operator, common pool of spectrum, and operators 

who use this spectrum as shown in figure (2.3). 
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   The common pool of spectrum is called CAB (coordinated Access Band) [5] that is 

owned and controlled by the Meta-operator in a specific region. Each operator operates 

one RAN (Radio Access Network)  [4] of packet services; these RANs do not own the 

spectrum but rather share the pool. The Meta-operator controls the pool by blocking the 

operators depending on the arrival rate for each operator. In each operator there are 

number of users who use the services inside these operators. 

	  

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  m1	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Common	  pool	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  m2	  	  

	  	  	  	  	  	  

	  

	  

	  

	  

	  	  	  

	  

	  

Fig 2.3 Centralized model: two operators access to a common pool. 

 

 

2.2.3 Traffic model: 

   Figure 2.4 illustrates the traffic model; here we use discontinuing traffic  (packet calls) 

that gives several packets in short time. Each packet starts with (packet call arrival) and 

ends with (packet call end). It is important to notice the arrival rate for the data for each 

user in the cell. 

mmax	  

n2	  users	  n1	  users	  

μ2

2	  

λ2

2	  

μ1

2	  

λ1

2	  

Operator	  1	   Operator	  2	  

Meta-‐operator	  
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Fig 2.4 Assumed traffic model 

 

 

 

 

 

 

 

	  

	  

	  

	  

Packet	  call	  
arrival	   Packet	  call	  

Packet	  call	  
end	  

Packet	  call	  
arrival	  

Arrival	  rate=λ1	  (RAN1)	  or	  λ2	  (RAN2)	  

Time	  	  
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Chapter	  3	  

Game Theory 

3.1 Introduction: 

   Game theory is a mathematical tool used to analyze systems (e.g. economic, 

communication network, biology, political). The main purpose of the game theory is to 

analyze the interaction between players (companies, operators, political parties, etc.), 

their actions and tactics, and the outcome at the end of each stage of the game. 

3.1.1 Definition: 

   Game theory can be defined as mathematical frameworks consisting of models and 

techniques that be used to analyze the iterative decisions behavior of individuals 

concerned about their own benefit. [7] These games are generally divided into two types, 

cooperative, and competitive games. 

   Our game represented by the notation G (P, S, U) on it’s static stage, where P 

represent the set of players who will play the game, S is the set of actions which can be 

taken by any players, and U is the set of the utility or the payoff that every player can be 

achieved by using certain action. 

3.1.2 Application of game theory: 

   As mentioned previously game theory can be applied in many fields such as economic, 

political, biology, and so on. In this thesis we will focus on the application of game 

theory for cognitive radio. 

   Due to the lack of resources and the growing demands for the spectrum, there should 

be solutions to increase the network efficiency. One of these solutions is spectrum 

sharing, which is the mechanism used in Dynamic Spectrum Access Networks to 

increase the users per spectrum and avoids the interference between the licensed and 

unlicensed users. [10] 
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   The main characteristic in cognitive radio is their intelligence and their capability to 

analyze the feedback. Game theory gives the analytical tools to study these behaviors 

(cooperative, competitive, or malicious). 

   In general game theory is implemented in certain formula to first guarantee the 

efficient design for the network, and second to design the equilibrium condition which 

leads to the optimality for the design in different game scenarios such as (static or 

dynamic), (complete or incomplete information), or (cooperative or non-cooperative). 

The optimality of the game means the efficient solution for the network design. The 

main keys of the design consist of the architecture of the network (distributed or 

centralized), the behavior (cooperative or non-cooperative), or the access technique 

(underlay or overlay). [10] 

   Next section presents the structure of the game models, and the repeated game model 

in details. 

3.2 Game model structure: 

Every game model consists of three main sets:  

1) Set of players. 

2) Set of actions. 

3) Set of utility. 

3.2.1 (P) Set of players: 

   Set of players or the decision makers in the game, where in each game it should has 

finite number of the players (N). 

3.2.2 (S) Set of Strategy or Actions:    

 The notion (S) defines the actions set for each player. Each player can choose his or her 

action in every stage. The total action set for all players can be: 

𝑆 =    𝑆! ∗   𝑆! ∗   𝑆! ∗   𝑆! ∗… .∗   𝑆!                                       (3.1)          

𝑁= The total number of the players. 
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3.2.3 (U) Set of Utility or Payoff: 

   Set of utility can be defined as benefit that the players receive at the end of every stage, 

so the total utility for the whole game period is the summation of the utilities in every 

stage. The set of utility is: 

𝑈 = 𝑈!,𝑈!,… ,𝑈!                                           (3.2)  

   The intervals of the game can be finite of infinite. The infinite intervals mean that the 

players do not know when the game will end.  

   In general the players choose their actions so that they can increase their own benefits. 

In most games there is a state called Nash Equilibrium where on this state no user can 

increase its utility. 

3.3 Game theory models:    

   In game theory there are many kind of models depending on the purpose and the 

application of the model. The aim of the model is to find the equilibrium state and the 

optimization parameters that help to reach this state, and suites this state with its 

application.  Examples of game models are repeated model, potential model, and super 

modular game model. In this thesis we will focus on the repeated game model. 

3.4 Repeated Game model: 

   Repeated game appears when the players have to interact with each other more than 

one time, and every interaction between the players is called a stage which has utility, 

and the total utility of the game will be the summation of the utility for each stage in the 

period of the game for each player individually: 

𝑈! = 𝑢!!
!!! 𝑠, 𝑡                     (3.3) 

where 𝑖= user, 

𝑡= the stage number (1,2…𝑇), and 

s= user strategy. 
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   For the repeated game as long as the game will be played more than one time, the 

history of the game is very important to define the next action for the next stage. In 

addition the interaction between the players may change in every stage depending on the 

strategy of behavior for the players in the game. In general the repeated game may have 

many strategies or behavior that used to calculate the utility and then the total utility of 

the game depending on the length of the game.  

   Table (3.1) shows the most common behaviors for the repeated games for two players 

with initial action for player 1. It assumes that the players know the previous move for 

the other player, which will help them for the decision to the next move depending on 

the behavior they use during the game. 

Table 3.1 Common strategies for repeated game. 

𝒔𝟏(𝟎) 𝒔𝟏(𝒕)/  𝒔𝟐(𝒕) = 𝑪 𝒔𝟏(𝒕)/  𝒔𝟐(𝒕) = 𝑫 Strategy function 𝒔𝟏 Name of strategy 

D D D 𝑠! 𝑡 + 1 = 𝐷 Always defect (All-D) 

D C D 𝑠! 𝑡 + 1 = 𝑠!(𝑡) Suspicious tit-for-tat (STFT) 

D D C 𝑠! 𝑡 + 1 =  𝑠!(𝑡) Suspicious anti-tit-for-tat (SATFT) 

D C C 𝑠! 𝑡 + 1 = 𝐶 Suspicious always cooperate (S-All-C) 

C D D 𝑠! 𝑡 + 1 = 𝐷 Nice always defect (Nice-All-D) 

C C D 𝑠! 𝑡 + 1 = 𝑠!(𝑡) Tit-For Tat (TFT) 

C D C 𝑠! 𝑡 + 1 =  𝑠!(𝑡) Anti-Tit-for-Tat (ATFT) 

C C C 𝑠! 𝑡 + 1 = 𝐶 Always Cooperate (All-D) 

    

For this game there are two players and two actions for the players in every stage, to 

cooperate (C) or the defect (D). The first column is the initial action for player 1, the 

second column is the next action for player 1 if player 2 action was (C) in the previous 

stage.     

The third column is the next move for player 1, if player 2 actions were (D) in the 

previous stage. The fourth and fifth columns present the strategy function and the name 

for the game in each condition. 

   For the repeated game the length of the game must be noticed (number of stages), if 

the length is finite so the utility will be as mentioned in equation (3.3), and if the length 

is infinite or when the players do not know when the game will end, there is a technique 
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called discounting factor δ to decrease the future value. This factor is 0 < δ < 1 and the 

utility will be: 

𝑈! =   δ! .𝑢!

!

!!!

𝑠, 𝑡                                         (3.4) 

   

 The normalize equation is: 

𝑈! = 1− δ .   δ! .𝑢!

!

!!!

𝑠, 𝑡                                         (3.5) 

Next chapter presents repeated game theory model and simulation according to the 

scenario and the application of the thesis work. In addition a comparison between result 

of the repeated game model and fixed spectrum access scenario (FSA) is made.    
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Chapter	  4	  

Simulations and Results 

4.1 Introduction: 

   As mentioned in chapter 3 the main parameters to define a game are: the players, the 

strategies, and the utility function.  

  According to [4] we suppose for the cellular networks it should be homogeneous in 

propagation and traffic, and the operators should deploy frequency reuse, so that to 

ensure all the cells for the operators will statistically behave in the same way. [12]. 

4.1.1 The players function: 

   The system consists of spectrum pool, which is controlled by Meta-Operator. The unit 

for the pool size is (blocks). In DSA scenario the Meta-Operator distributes blocks 

between the operators depending on the behavior of the operators (𝑝𝑙𝑎𝑦𝑒𝑟𝑠). The total 

size of the pool is  (𝑚!"!) blocks. In FSA scenario the Meta-Operator distribute the 

blocks equally between the players whatever the arrival rate for each player. 

   For our system we have 2 Operators and in each operator (i) there is (𝑛!) active users. 

4.1.2 The strategy function: 

   The strategies will appear in the DSA scenario. The system actions are cooperating 

and defect. The two players should choose either to cooperate or defect in each stage of 

the game depending on the active users in the stage. For the 2 players or operators in a 

competitive system there is reward for cooperate between the players, and punishment 

for defect. In addition we assume that the players do not know when the game will end, 

so here the system number of stages will be infinite (in the simulation we use finite 

model). 

   The best strategy that describes this kind of behavior from table.1 is 𝑇𝑖𝑡 − 𝐹𝑜𝑟 − 𝑇𝑎𝑡, 

where player 2 responses the same action as player 1 in the previous stage and vice versa 
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depending on whom operator starts the game. Section 4.2 describes the behavior 

mechanism in details. The equation of the strategy is (𝑠! 𝑡 + 1 =    𝑠!(𝑡)). 

4.1.3 The Utility function: 

   The utility will represent the rewards or the outcome for each player at the end of the 

game. The system revenue for each stage consist of three parameters: the user 

satisfaction, the spectrum price, and the blocking probability [4]. The user satisfaction 

and the spectrum price are proportional, e.g. the operators want to spend less in spectrum 

price but that mean less spectrum and less user satisfaction. So there is a trade off 

between these two parameters. 

   Now the user revenue for the active users in cell 𝑖 is as follow: [4] 

∅! 𝑛! ,𝑚! = 𝐾!. 1− exp −
𝜇!

𝑛! . 𝜇!"#
                                      (4.1) 

𝐾!= Constant per euro for unit of satisfaction. 

𝜇!"#= Comfort service rate constant. 

   For the non-active users in cell 𝑖 there should be blocking probability penalty that 

subtract from the active users revenue, and it should noted that variation for this penalty 

is dependent on the threshold value; the penalty is very low if the blocking probability is 

less than the threshold, and high if the blocking probability above the threshold. 

The blocking probability is as follow: [4] 

𝑃!!" = exp 𝜋!!" − 𝛿!!! .𝐾!"                                           (4.2) 

 

𝜋!!"= The blocking probability at the steady state of the Markov chain. 

𝐾!"= Parameter that decides how fast the penalty increases as a function of the blocking 

probability 

𝜋!!= The blocking probability threshold value. 

𝛿= Parameter controls the increasing start point of the penalty 0 <   𝛿 < 1. 
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   The third parameter for the utility is the spectrum price, which increases when the 

amount of free spectrum decreases.  

The equation for the spectrum price is: [4] 

𝑃!
!" = 𝐾! .𝑚! . exp −

𝑚!"# −𝑚! −𝑚!

𝑚!"#
                                       (4.3)   

Where:  

𝑚!"#= Constant which control the variation of the price. 

𝐾!= Constant in euro per Block. 

𝑚!= Block size for operator 𝑖. 

   From the last equation we find that the spectrum price for the operator will increase 

with the increasing demand of the spectrum or with the increasing of the block size 

given by the Meta-Operator during the stage. In addition there is a strong interaction 

between the Operators as long as they receive the spectrum from the same limited 

Spectrum Pool. 

   To analyze this interaction during number of stages repeated game theory framework 

would be used. 

   The total utility for the stage is: 

𝑢! = 𝑛!

!!
!"#

!!!!

.𝜋!! .∅! 𝑛! ,𝑚! −   𝑃!
!" −   𝑃!!"                                         (4.4) 

Where:  

 𝜋!!= The steady state that the cell has 𝑛! active users. 
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4.2 Repeated Game theory framework: 

   The system consists of pool spectrum and the Meta-operator controls the distribution 

of this spectrum as mentioned earlier. The Meta-operator has to fulfill the strategy of the 

game and apply it on the operators. In every stage the demand for each player is 

changing depending on the number of users in the stage. In the simulation the maximum 

number of active users is 8 [4].  

The operators decide to both cooperate when the less number of active users for the 

players is less than the double of the large number of active users (𝑛! <   2𝑛!𝑎𝑛𝑑  𝑛! <

  2𝑛!). Here is the Meta-operator distribute the pool depending on the ratio for each 

player (𝑃! ratio is 𝑛!/(𝑛! + 𝑛!), and 𝑃! ratio is 𝑛!/(𝑛! + 𝑛!)) to fulfill fair play, and 

the behavior for this stage represented as (𝐶,𝐶) or [0,0].  

When the number of active users for 𝑃! (𝑛!) is greater or equal to double of (𝑛!) then the 

Meta-operator is decide to distribute the pool by: 

𝑃!  𝑟𝑎𝑡𝑖𝑜 = 1−   (𝑛!/2(𝑛! + 𝑛!)  

and 𝑃!  𝑟𝑎𝑡𝑖𝑜 = 1−   (𝑛!/2(𝑛! + 𝑛!) ; 

This will satisfy the need of operator 1. This rewards for 𝑃!in this stage (𝑡) will be 

punishment for 𝑃! in the next stage (𝑡 + 1) and reward for 𝑃!where the pool divided by: 

 𝑃!  𝑟𝑎𝑡𝑖𝑜 = 1−   (𝑛!/2(𝑛! + 𝑛!) ; 

and 𝑃!  𝑟𝑎𝑡𝑖𝑜 = 1−   (𝑛!/2(𝑛! + 𝑛!) ; 

 In the next stage (𝑡 + 2)  the two players will be punished and the pool divided by: 

𝑃!  𝑟𝑎𝑡𝑖𝑜 = 𝑛!/2(𝑛! + 𝑛! ); 

and 𝑃!  𝑟𝑎𝑡𝑖𝑜 =   𝑛!/2(𝑛! + 𝑛!) ; 

 This behavior in the three stages is called 𝑇𝑖𝑡 − 𝑓𝑜𝑟 − 𝑡𝑎𝑡 as that is the strategy of the 

game played.  

Note that any of the condition (𝑛! ≥   2𝑛!𝑜𝑟  𝑛! ≥   2𝑛! ) can start 𝑇𝑖𝑡 − 𝑓𝑜𝑟 − 𝑡𝑎𝑡 

strategy. Table 4.1 explains the combination of the actions in the game. 
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Table 4.1 Actions of the Game in each stage. 

 𝑃! [𝐶] 𝑃! [𝐷] 

𝑃! [𝐶] (𝑚!,𝑚!), (𝐶,𝐶) (𝑚!/2, (1−𝑚!/2)), (𝐶,𝐷) 

𝑃!  [𝐷] ( 1−𝑚!/2 , (𝑚!/2), (𝐷,𝐶) ((𝑚!/2), (𝑚!/2)), (𝐷,𝐷) 

	  

*	  𝑚! = (𝑛!/(𝑛! + 𝑛!); and 𝑚! = (𝑛!/(𝑛! + 𝑛!); 

From the above description 𝑃! and 𝑃! will always be afraid from the punishment but 

sometimes the Operator need to receive more spectrum depending on number of active 

users in the operator. 

   The calculation for the service rate in cell 𝑖 or operator  𝑖 is given by: [4] 

𝜇! =
𝑘! .𝐷!
𝑋!"

                                          (4.5) 

Where: 

𝑘!= Block size for cell 𝑖. 

𝐷!=Data rate is bits/s. 

𝑋!"= The mean for the exponential distribution for the packet call size. 

Note that the user downlink packet calls has the Poisson arrival with rate 𝜆! in cell 𝑖. 
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4.3 Simulations: 

   The simulation in two parts, first is the parameters for the single stage itself, and 

second is the parameters for the repeated game stages. 

4.3.1 Single stage parameters: 

    Table 4.2 the assumptions for the parameters for the single stage of the game: [4] 

The parameter The value 

Spectrum pool size 2 MHZ 

Elementary band size (𝑘!) 100 KHZ 

Total blocks 20 Block 

(𝑚!"#) 1 MHZ 

𝑋!" 2 Mbits 

𝑛!!"# 8 Users 

𝐷! 2.6 Mb/s per MHZ for regular frequency reuse scheme. 

𝐾! 100 euro/unit 

𝐾! 400 euro/MHZ 

𝐾!" 40 euro 

𝜋!! 20 % 

𝛿 0.9 

𝜇!"# 0.25 𝑠!!for comfort throughput 500 kb/s 

Table 4.2 parameters for one stage of the game. 

4.3.2 Repeated game parameters: 

   As mentioned in chapter  (3) the game has 2 players, the strategy for the game is 

𝑇𝑖𝑡 − 𝑓𝑜𝑟 − 𝑇𝑎𝑡 to achieve the max of the punishment and reward behavior [8], and the 

utility function for the game is equation (4.4) for the stage, and  (3.3) for the total 

duration of the game. Equation (3.3) is used because the game has certain number of 

stages so that the game can be simulated. 
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  For the simulations we will assume the duration is 100 stages and analyze the result. In 

addition for FSA model the Meta-Operator will distribute the pool as ratio depending on 

the number of active users for each operator in each stage. 

4.4 Results: 

   The following section is the implementation for the repeated game theory in Matlab. 

The parameters in table 4.2 are used; the utility for every stage is calculated from 

equation 4.4, and for the total stages of the game equation 3.3 is used. 

   For the repeated game we assume the number of stages is 100, and it can be executed 

in Matlab. The increasing in the number of stage gives more accuracy.  

   As mentioned the behavior is 𝑇𝑖𝑡 − 𝑓𝑜𝑟 − 𝑇𝑎𝑡 for the repeated game. It presents real 

scenario for the interaction between the two Operators. However for system with 

punishment and reward 𝑇𝑖𝑡 − 𝑓𝑜𝑟 − 𝑇𝑎𝑡 strategy gives the highest outcome compared 

to the common behaviors mentioned in table 3.1 [8]. 

The parameter that controls the behavior of the players in the repeated game is the 

number of active users. In this game a random generation for the number of active users 

is used for the two players, then check the two numbers in the stage, depending on the 

checking result the Meta-operator will distribute the spectrum pool. 

   The results will be the utility for the players in every stage, the behavior sequence for 

the two players, the utility for the two players with different values of the arrival rate, 

and the utility of FSA model. In addition a comparison between repeated game model 

and FSA in long communication scenario is made. 
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4.4.1 Utility of the game: 

   Figure 4.1 and 4.2 presents the utility for player 1 and player 2 during the game period 

(100 stages). The fluctuation of the utility comes from the behavior of the player during 

the game.   

 

    Table 4.3 illustrates the strategies for each value in the generator behavior. The 

repeated game model depending on the random generation of the number of active users 

(n1, n2) for each player in each stage. Note that the random generation will change every 

time the simulation run. The Meta-operator will distribute the pool depending on the 

result of the comparison between n1 and n2.  

Table 4.3 strategies of the game. 

Value in the simulation 

(P1, P2) 

Strategies for the game 

(𝑛! <   2𝑛!𝑎𝑛𝑑  𝑛! <   2𝑛! (C, C) 

(𝑛! ≥   2𝑛!𝑜𝑟  𝑛! ≥   2𝑛!) (C, D) or (D, C) 

 

 

Below is the number of active users for the first 20 stages for the two players (n1, n2) in 

this game: 

 

(6,8) (6,6) (3,1) (7,1) (3,5) (6,1) (7,5) (2,2) (1,8) (5,5) (4,5) (8,6) (7,1) (1,1) (5,7) (8,7) 

(4,2) (4,8) (5,6) (2,5) 

 

  Figure 4.1, 4.2, and 4.3 show the utility for the two players in the game for the 100 

stages in 𝑡𝑖𝑡 − 𝑓𝑜𝑟  𝑡𝑎𝑡  strategy. This model helps to analyze the prescribed interaction.  

 

The Meta-operator will distribute the pool in FSA model by: 

      𝑃!  𝑟𝑎𝑡𝑖𝑜 = 𝑛!/(𝑛! + 𝑛! ); 

and 𝑃!  𝑟𝑎𝑡𝑖𝑜 =   𝑛!/(𝑛! + 𝑛!) ; 
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The calculation of the utility from the simulation parameters and results (equations 3.3 is 

used): 

 

 UT1 UT2 

DSA model 6631.1 6627.5 

FSA model 6710.3 6706.8 

 

 

 

 
Fig 4.1 Utility for player 1 during the Game stages. 
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Fig 4.2 Utility for player 2 during the Game stages.  

 

 
Fig 4.3 Utility of player 1 in FSA model.  
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Fig 4.4 Utility of player 2 in FSA model.  

	  

4.4.2 FSA vs. DSA: 

Figure 4.1 and 4.2 present the utility for P1 and P2 in Dynamic Spectrum Access (DSA) 

model, and figure 4.3 and 4.4 are when using Fixed Spectrum Access (FSA) model. The 

results show that FSA model is better than DSA and this benefit comes from in DSA 

model there is punishment at some parts of the game that mean the spectrum is not fully 

used. Note that the FSA ratio used in this system gives slight different result from DSA, 

and if we used fixed ratio for example 50% each at all stages in FSA model the result for 

the total utility for both player will exceed the result we get. 

 

The effect of the arrival rate changing is not noticeable and that come from the weight of 

the blocking probability part in the utility equation is very small. [8]   
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4.4.3 Efficiency: 
 
    Figures 4.5 shows the efficiency of the system.  We can notice that the efficiency 

takes the same form of the random distribution of the behavior. The efficiency depends 

on the punishment and reward strategy, i.e. the punishment situation when the system is 

not using the full capacity of the spectrum, in our scenario the spectrum is divided 30% 

for each of the two player, and this means 40% waste of resources. 

    

   In our scenario the traffic is discontinues packets (internet browsing) or in other word 

short communications, repeated game model is suitable for this kind of traffic. The 

efficiency of this model is about 83% on average. However in the long communication 

for DSA system there are different models that use the iteration technique, which gives 

better efficiency after long time of iteration. 

 

   Figure 4.6 shows the result from group of Cognitive Radios using the iteration 

technique with different loads share channels and different characteristics. For this 

system the efficiency can reach more than 93% but after many iteration, which means 

the system is more suitable for the long communications. 
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Fig 4.5 Efficiency of the System. 

 
	  Fig 4.6 Efficiency for Cognitive Radio system with Iteration technique. 
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Chapter	  5	  

Conclusions  

    This thesis work is implementation of the repeated game theory model. Game theory 

is used in communication network to analysis the interaction between the users, and 

analyzes the affected parameters for that interaction (in this scenario common spectrum 

pool). The simulation shows the interactions between the players appear in the spectrum 

price equation. 

 

    The comparison between DSA repeated game model with punishment and reward 

strategy and FSA model we found FSA is better than DSA in terms of the utility because 

no waste of resources in the FSA, but in terms of individual benefits the DSA can be 

better cause in some points of the game (reward) the user can take more than the FSA 

player can. 

 

   The repeated game theory model can be useful for the short communications, but for 

long communications the cognitive radio with iteration technique can exceed the 

efficiency obtained by the repeated game model in the long operation time. 

 

For future work the model can be extended for more number of players with different 

scenarios, and different strategies in communication field, so that game theory can help 

to solve problems such as optimization in cognitive radio, and to analyze the intelligent 

system to increase the quality of service for the system. [13]. 
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