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Abstract 
 

This thesis aims to clearly describe the cognitive radio and its components and 

operations. Moreover, it aims on describing the expected outcome from the most 

common techniques that are proposed for use in cognitive radios. In addition, it 

describes the basic principles of game theory and some simple game models that can 

be used to analyze the efficiency of the optimization algorithms. Furthermore, it 

investigates the use of load balancing algorithm and genetic algorithm in optimizing 

the decision making operation in cognitive radios. Matlab software simulations were 

carried out and the results show the promising benefit of using those two algorithms 

along with game theory in optimizing the dynamic spectrum allocation process. 
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Chapter 1 

Introduction 

 

1.1 Problem Statement 

 Nowadays, the radio resources and particularly the spectrum, are considered a 

very precious and scars resource, not because of their unavailability but because they 

are used inefficiently. Due to this fact a considerable research has been conducted 

recently for finding suitable and efficient ways to use the radio spectrum. The 

research results suggest that the efficient use of the radio resources needs radio 

systems with high intelligence and capabilities. This radio system was called 

“Cognitive Radio”. Cognitive Radio is still an open novel approach that is expected 

to solve the limitations of current systems. 

 

1.2 Thesis Scope 

The aim of this thesis work is to introduce the principles of cognitive radio and 

provide an overview of the most common technologies that are proposed for 

cognitive radio. 

Moreover, the thesis work describes the game theory and its applications for 

cognitive radio. It also includes a MATLAB simulation that uses the game theory 

performance metric and uses two types of optimization algorithms, Load Balancing 

Algorithm and Genetic Algorithm. 

 



                                                                                                                                                                

 

 

 

Blekinge Tekniska Högskola 

SE–371 79 Karlskrona  2 

 

1.3 Thesis Outlines 

The next chapter, Chapter 2, gives an overview of cognitive radio which contains 

the cognitive radio definition, the software defined radios and their connection with 

the cognitive radio, the operation of the cognitive radio system, the tasks of cognitive 

radio and their descriptions and some of the challenges that are expected to appear 

when using cognitive radios. 

Chapter 3 describes the game theory and its applications. It also describes some 

game theory models and some cognitive radio applications and their suitable game 

models. 

Chapter 4 describes the simulated model and the assumptions used in the 

simulation. In addition, it presents the results of the simulation. 

Finally Chapter 5 presents the conclusions and recommendations for future work. 
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Chapter 2 

Literature Review 
 

2.1 Cognitive Radio and Software Defined Radio 

2.1.1 Cognitive Radio 

The term Cognitive Radio was firstly described by Joseph Mitola [1]. From his 

description we can define the Cognitive Radio as a radio capable of analyzing the 

environment (as channels and users), learning and predicting the most suitable and 

efficient way of using the available spectrum and adapting all of its operation 

parameters [1-3]. The main reason for introducing the cognitive radio is the 

inefficient use of the radio resources and particularly the spectrum.  

 

2.1.2 Software Defined Radio (SDR) 

As mentioned before, Cognitive Radio is not expected to be fully implemented 

until 2030 [5] until the complete Software Defined Radio (SDR) hardware become 

available in a suitable size. The term SDR was introduced in the late 1990s by some 

manufacturers who created radio terminals capable of using more than one 

communication technique (e.g., GSM and CDMA); that is the terminals can alter 

their operation mode or technique by means of software. Thus this techniques is 

known as Software Defined Radio (SDR). 

The desired cognitive radio system should have the ability to freely switch 

between the techniques. Thus, an SDR with all the latest communication techniques 

is the core of cognitive radio. 
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2.2 Cognitive Radio Operation 

 

The operation of cognitive radio is described by the cognition cycle shown in 

fig. 2.1. 

 

Decision Making 

(Dynamic Spectrum 

Management, Power 

Control …) 

Radio Environment 

Analysis & Modeling 

(Spectrum Sensing, 

Estimation, 

Prediction …) 

 
Fig. 2.1 Simple Cognition Cycle 

Fig. 1 shows a simple cognition cycle which contains the main cognitive tasks 

performed by the cognitive radio; these tasks can generally be categorized in the 

following three types: 

• Analysis 

• Predictive Modelling 

• Decision making 

Each one of those classes will further be described in the following sections. 
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2.3 Cognitive Tasks: Analysis 

The cognitive radio should have the intelligence to observe the surrounding 

environment and analyse its characteristics. Obtaining those characteristics is the first 

step for cognition. In this section and the following subsections, some examples for 

these kinds of tasks and their descriptions will be introduced. 

 

2.3.1 Spectrum Sensing 

Spectrum sensing is the main task in this category. It can be defined as studying 

the spectrum and find the unused channels. To further discuss the spectrum sensing 

some terminologies must be introduced. 

 

Interference Temperature: 

The interference temperature is a measure of the sensed power in a certain 

frequency band. Thus, by obtaining this measure, two important limits can be 

identified: 

• The maximum level where any signal exceeds it will be. 

• The minimum level where any signal below it can be neglected and thus that 

certain band can be considered as empty or unused, and can be used by other 

users. 

 

Spectrum Holes: 

A spectrum hole is a frequency band which is free enough to be used. Finding the 

spectrum holes is the main goal of the spectrum sensing. 

Using the above definitions, the spectrum sensing operation can be performed in 

two stages: 

• Estimate the interference temperature. 

• Identify the spectrum holes. 

 

These two stages are performed periodically. The interference temperature is 

suggested to be estimated for the whole targeted frequency ranges. Then depending 
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on the current interference and the interference temperature on the previous iterations 

all channels can be classified into three types of spectrum holes: 

• White spectrum holes, which are fully not used. 

• Gray spectrum holes, which are partially used. 

• Black spectrum holes, which are fully used. 

After the sensing operation finishes, the users will be allowed to freely use the 

white holes and partially use the gray holes in a way that will not disturb the primary 

user. But they will not use the black holes, because the black holes are assumed to be 

fully used and any extra use will interfere with the ongoing communication on them. 

In general, there are two sensing modes, reactive sensing and proactive sensing, 

depending on the way to initiate the sensing. These two modes can be defined as 

follows: 

 

Reactive sensing: The sensing is initiated only when the user has data to send, thus 

it is called on-demand sensing. If no usable channel was found, the user will wait for 

a predefined time and then restart sensing again until the user send all data that he 

was trying to send. 

Advantage: decrease the sensing overhead. 

Disadvantage: The data is delayed until the sensing is performed with a good 

accuracy. 

 

Proactive sensing: The sensing is done periodically even when the user is not 

intending to send any data. The time between the sensing iteration is called the 

sensing period. These sensing periods may differ between the channels since each 

channel has its own unique behaviour. The sensing periods should be optimized 

separately for each channel to compensate for the unique traffic pattern on that 

channel. 

Advantage: The delay is decreased since the users will know the holes even before 

they need them. 

Disadvantage: A lot of time and effort is wasted on sensing even when it is not 

needed, thus increasing the sensing overhead. 
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Each one of those two modes has its advantages and its disadvantages, thus both 

of them might be used depending on the application and the environmental 

conditions. 

 

2.3.2 Channel Estimation 

Channel estimation was also proposed to be part of the cognitive radio. This 

operation aims in analysing the channel behaviour and its effects on the transmitted 

signal and estimating the impulse response of the channel. By knowing the channel 

impulse response its effects can be neutralized on the receiver by using an equalizer 

or on the transmitter by transmitting a signal that can absorb those effects. 

 

2.4 Predictive Modelling 

Due to the dynamic behaviour of the communication channels and environment, 

analysing only the current channel and using the results directly to select a free 

channel or to equalize the channel might leads to an inefficient use of the resources. 

Thus, developing a more accurate way to use the knowledge obtained from the 

normal analysis results is the predictive modelling. It aims on finding models that 

predicts the behaviour of the channels on the future and even the traffic patterns. 

Using those models will increase the efficiency of using the analysis results and will 

improve and ease the decision taking procedures. 

The predictive modelling uses the current observations along with the previous 

observations and based on some statistical measures it tries to find the model that 

will most likely suits the channel or the traffic in the near future. 

Usually, prediction implies the possibility for some errors. But it will significantly 

improve the performance of the system to an extent where those errors can be 

neglected. 
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2.5 Decision Making 

Decision making is considered the core of the cognitive radio, because the task of 

cognitive radio is to intelligently decide the best configuration for both transmitter 

and receiver. 

In cognitive radio system many tasks require intelligent and fast decisions to be 

made by the radios. The operation of finding the best decisions can be considered a 

sort of optimization with variable complexity depending on the task nature. 

In this section, the main decision making tasks will be introduced and briefly 

described. 

 

2.5.1 Dynamic Spectrum Allocation 

In normal radio systems the spectrum allocation process is carried out by special 

control equipments, these equipments are normally parts of the core network. In 

cognitive radio all operations are performed by the radios themselves in an ad-hoc 

manner without the need for special equipments or core network. 

The complexity of the spectrum allocation process arises from the fact that the 

user demand for spectrum is highly dynamic. Thus, the allocation process must also 

be dynamic. 

The dynamic spectrum allocation process can be summarized as distributing the 

traffic demanded by the users in the spectrum holes which were found by the 

spectrum sensing procedure. In this operation users generally act to increase their 

own benefit but they should obey some general rules to keep some fairness between 

the users and to ensure obtaining a high overall benefit. The user behaviours along 

with those general rules are called user strategies. 

The decision making process then can be seen similar to playing a game. Each 

user represents a player in that game and the strategies represent the rules of the 

game. This concept is formulated on a mathematical theory called the game theory. 

This theory will be described on later chapters. 
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2.5.2 Distributed Power Control 

 Like the spectrum allocation, this process is done centrally in conventional radios. 

Thus, in cognitive radio each user should take care of it is own transmission power 

control and gives some feedbacks regarding the signals that it received. As a result, 

the power control process will be done in a distributed manner. 

In other words, each user must make sure that the signal that he transmits will 

reach the receiver in a certain level high enough to be detected by the receiver and 

low enough to avoid interfering with other users. In the same time each user has to 

inform the users, which are transmitting to it, about the reception signal level. The 

power control operation plays a crucial part in minimizing the interference and in 

insuring the needed quality of service in many communication systems. 

This increases the complexity of the operation and makes it suitable for using the 

game theory. 

  

2.5.3 Adaptive Modulation 

All modulation techniques have advantages and disadvantages. This fact makes 

some techniques suitable for some conditions but not suitable for others. Cognitive 

radio should be able to switch between modulation techniques to compensate for any 

variation in the communication channel and the traffic characteristics. For example, 

when the available bandwidth decreases the system should switch to a modulation 

which has better bandwidth efficiency. 

 

 

The operation of altering the modulation techniques should be done dynamically. 

By efficiently adapting the modulation, the system should be able to absorb the 

fluctuation on the channel characteristics and handle the variations of the traffic 

types and intensity. Moreover, it will provide the system with the capability to 

maintain the required quality of service in different environmental conditions and 

traffic characteristics and thus improves the system efficiency. 
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2.5.4 OFDM Channel Filling 

As mentioned before, the cognitive radio system should be able to change the 

modulation technique to avoid the drawbacks of the old modulation and gain the 

advantages of the new modulation.  

The Orthogonal Frequency Division Multiplexing (OFDM) implies a high set of 

different characteristics. For example, the symbols constellation can be changed 

along with the modulation and also the channels size can be changed. 

Thus, OFDM is considered to be very promising to use in cognitive radios. The 

use of OFDM in cognitive radio requires dynamic and accurate management of the 

channels. Managing the channels in OFDM is called channel filling, which is aiming 

to fill the channel without causing it to overflow. 

The OFDM channel filling can also be examined using game theory. The resulting 

problem will be similar to the spectrum allocation. The practical game theory models 

for this kind of problems will be discussed later.  

 

 

2.6 Cooperation in Cognitive Radio 

Cooperation is another novel approach in cognitive radio. It aims in improving the 

performance of the users who lack some of the communication resources by the help 

of the users who can easily access those resources. This will improve the efficiency 

of the resources usage as well as the users’ quality of service. By realizing this 

approach many benefits and services are expected to emerge. In the following 

sections, some of these benefits will be introduced.  

 

2.6.1 Virtual Capacity 

Cooperation between the cognitive radios is expected to add some sort of virtual 

capacity, which is the capacity that gains by indirect links. In contrast of the long 

range links that have usually small capacity, the short range links can be said to have 

very high capacity. Thus by establishing a number of short range links with his 

neighbours, a user can use all of his neighbours low capacity links. Thus, the user 
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can virtually form a high capacity link to a destination it individually can not 

establish a link with such capacity. Optimizing this operation will extremely increase 

the capacity of the users and improve the overall spectral efficiency. 

 

2.6.2 Power Consumption 

By cooperating, users can avoid using long rang links and use short range links. 

Since long links consumes much more energy than the short ones, this will 

dramatically decrease the overall system power consumption. 

 

2.6.3 Cost 

Since all cooperative links are not managed by a service provider, they are free. 

Thus from users’ point of view, it is preferable if they can use such links instead of 

the expensive and low capacity links. Moreover, from the service providers’ point of 

view, their system will have more traffic. In addition, without the need for increasing 

the physical range of their sites, their virtual coverage area will increase. Moreover, 

the cost of the devices will decrease since the power consumption will be low and 

thus the need for costly and heavy duty batteries will be minimised. 

 

2.6.4 Reliability 

In contrast of the conventional single link communication, using cooperative 

multilink communication offers higher reliability. This is caused by the fact that the 

effect of losing one link from the multilink set is by far smaller than the total lost in 

the case of losing a link in the case single link communication. Moreover, the 

probability of losing all of the links in a multilink communication is extremely low 

compared to the probability of loosing a single link. 
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2.7 Emergent Behaviours of Cognitive Radio 

Considering the complex situations that should normally happens in a cognitive 

radio system, the rapidly varying configurations of the radios my lead the system to a 

new mysterious state. Since radios may compete or cooperate in cognitive radio 

system, their benefits can normally oppose each other. Thus there is no simple way 

to ensure agreeing on an acceptable solution for all sides. 

The states can be categorized into two main types: 

Positive state: where the overall system performance is improving and the radio 

resources are used efficiently. 

Negative state: where the overall system performance is degrading and some of the 

radio resources are not used or are used inefficiently. 

 

Thus, it is very important to develop a way to ensure the system convergence to a 

positive state and avoid approaching a negative state. This can be done by 

developing models that can foresee the system development. This kind of a system 

can be handled by one of these two models [2], self organizing system or 

evolutionary game. 

The self organizing system model views the system as a group of players, each 

player actions are influenced by the others and therefore every action is reflected 

back to its originator. If these reflections continue in a pattern that amplifies their 

effects they may lead to instability in the system. Thus, the system reflections and 

their effects need to be checked in order to protect the system from the negative 

states. 

The evolutionary game model views the system as a group of animals every one 

of them has its own instincts and intentions which leads to behaviours that looks very 

stochastic. 

 

 

 Using those two models the system behaviours can be predicted. From these 

predictions, further investigations can be made to find the parameters that will likely 

lead to positive state and use them and find the ones that will probably lead to 
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negative state and avoid them. It is also possible to find simple rules that can ensure 

the system stability. 
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Chapter 3 

Game Theory and Its Applications 
 

3.1 Definition 

Game theory can be defined as a mathematical frame work consist of models and 

techniques that use to analyze the iterative decisions behaviour of individuals 

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

cooperative and competitive games. 

 

Cooperative Games: is a game where all players are concerned about the overall 

benefits and they are not very worried about their own personal benefit. Thus, 

players fully cooperate with each other in order to achieve the highest possible 

overall benefit like football players in a team. 

 

Competitive Games: is a game where every user is mainly concerned about his 

personal payoff and therefore all its decisions are made competitively and moreover 

selfishly. Thus, it is called non-cooperative games. Most of the two players’ games 

are good example of this type. 

 

Normally most games and applications can not be viewed as cooperative games 

but can be viewed as competitive non cooperative game. 

 

3.2 Game Components 

Game theory describe every game by three main components in the following 

form G=<N, A, {ui} > [8]. 

 

Decision Makers (N): Each game is assumed to have a finite number of decision 

makers or players N. 
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Action Space (A): Every player (i) has its own action space (Ai) which is the set of 

actions which includes all possible actions that player can choose. The total action 

space (A) is calculated by multiplying all action sets. 

NAAAAA ××××= ...321  (3.1)  

 

Utility Set (U): is a set consists of utility or payoff functions for all players  

},...,,,{ 321 NUUUUU =  (3.2) 

 

In normal games, players choose their actions in a way that will improve their 

personal benefit or payoff. Most games reaches a state where no user can increase his 

utility function which means all utility functions have reached an equilibrium or 

stability state. This state is called NASH EQUILIBRIA. 

 

One of the game theory benefits that it can evaluate the optimization algorithms 

and help in choosing the parameters that will make the game stable. It also defines 

the algorithm error criteria and defines ways of trade off between the algorithms. 

Game theory has many game models. The choice of the model depends on the 

problem in hand and its characteristics. In the following section, some game models 

will be defined along with their applications in cognitive radio. 

 

 

3.3 Game Models 

Game models are developed to use for different types of applications. They also 

aim at finding the equilibrium states and deciding weather these states are acceptable 

for the application and the finding optimization parameters that force the system to 

reach the desired equilibrium states. 
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3.3.1 Repeated Game Model 

Repeated game model is a multistage game where users move from stage to 

another in a repeated manner and each stage is the same as the normal game model. 

The order of players in the game is defined by a function called player function. 

 

 

 

3.3.2 Potential Game Model 

A game can said to be potential when there is a function V: {A}, and any 

independent variation in V (∆V) is seen by the corresponding independent player as 

(∆Ui). And if ∆V=∆Ui the game is called exact potential game. Also it is called 

ordinal potential game if sign(∆V)=sign(∆Ui). 

Mathematically a game has been proven as a potential game if it satisfies the 

following equation [8]. 

ij

j

ji

i

aa
u

aa
u

∂∂

∂
=

∂∂
∂ 22

 (3.3) 

 

It was also proved that any potential game has at least one steady state, and all 

states that maximize V are Nash equilibrium states [8].  

 

3.3.3 Super Modular Game Model 

When the action space of a game forms a lattice and the utility function is super-

modular, the game is called super modular game. 

A lattice (X) is defined as a partially order set for all , and 

where  and 

Xba ∈, Xba ∈∧

Xba ∈∨ },inf{ baba =∧ },sup{ baba =∨ . 

A super-modular function (f) is defined as f: X, where X is lattice, and for all 

Xba ∈, )()()()( bafbafbfaf ∧+∨≤+ . 
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Mathematically, it was proven that a super-modular game should satisfy the 

following equation. 

Nji
aa

u

ji

i ∈≠∀≥
∂∂

∂
,0

2

 (3.4) 

 

It was also proven that all super-modular games has at least one Nash equilibrium 

state, and the Nash equilibrium states form a lattice. 

 

 

3.4 Applications in Cognitive Radio 

Almost all optimization problems in cognitive radio can be mapped into games. 

The following table shows the previously described applications and the model that 

suite every application. 

 

Table 3.1 Mapping cognitive applications into game models 

Application Model 

Dynamic Spectrum Allocation Exact potential game 

Distributed Power Control Super-modular game 

OFDM Channel Filling Exact potential game 
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Chapter 4 

Simulation and Results 
 

4.1 The Simulated Model 

A cognitive ad-hoc radio network was considered, in this network some users are 

licensed and some are unlicensed. More specifically a dynamic spectrum allocation 

situation was simulated. The action selection was optimized using two algorithms, 

load balancing algorithm and genetic algorithm. 

This scenario was simulated as competitive or non-cooperative game due to the 

competitive and the selfish behaviours of the communication users when trying to 

access the radio spectrum. 

 

4.1.1 Load Balancing Algorithm 

Load balancing algorithm is an optimization algorithm that aims in equally 

distributing the load between players. It is very convenient to use in cognitive radio, 

because it can ensure high degree of fairness between the users. 

This algorithm is also proven to be effective in spectrum allocation [9]. The main 

concepts of this algorithm can be described as follows: 

• Identifying the action space A and utilization function U 

• Find the amount of available resource for that player 

• Distribute that player load evenly between the available resources. 

The main part of the algorithm is distributing the load evenly between the 

resources. This is described by the following mathematical equations. 

( )

Q(i)

(n*)L

Q(i))-(n*)L*)(n'L-)(n'L

=i),C(n'

K'

1n*
sorted

K'

1n*
sortedsortedsorted

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

∑
∑

=

=

 (4.1) 
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where: 

n is the number of resource (1…K) 

i is the number of player (1...N) 

L(n) is the available space for the intended user on resource number n. 

Lsorted is a vector that contains the available space for the intended user on all 

resources sorted in a descending order. 

n' is the required sorted resource index (1..K’) 

K’ is the number of the required resources to handle all the load from that user. 

 

K’ can also be described mathematically as the maximum index that satisfies the 

inequality in (4.2). 

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

>

∑
∑

=

=
K'

1n*
sorted

K'

1n*
sortedsorted

(n*)L

Q(i))-(n*)L)(K'L  (4.2) 

 

 

4.1.2 Genetic Algorithm 

Genetic algorithm is an optimization algorithm that tries to imitate the 

evolutionary behaviours of the living creatures. This algorithm is widely used in 

many kind of optimization because of the simplicity of its main concepts. 

The main concept behind genetic algorithm is trial and error. Each player previous 

action is seen as the DNA or the genes of a parent, from that parent a number of 

children are created based on the parent genes by adding random variations to them. 

These children are further sorted in a descending order according to their utility 

functions.  

From that set of children, one is selected to be the new parent or the next action. 

This selection is done randomly with the probability follows their order, i.e. highest 

probability for the best child. 
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Genetic algorithm has a good immunity to local minima’s since its stochastic 

behaviour can normally jump over them. Moreover, it can be used with any kind of 

utilization criteria. Thus, it is also suitable for use in cognitive radios. 

 

 

4.2 Simulation Parameters 

The simulated system has the following parameters: 

• The number of users N=10 

• The number of channels K=5 

• In every time frame the channel can be used for only 90% of the frame and 

the other 10% is used for control and sensing 

• The number of frames m=50 

• The load demanded by users Q= [0.4 1.2 0.8 0.4 0.4 0.2 0.2 0.2 0.2 0.2] 

• The number of children in genetic algorithm P=10 

• The first user is a licensed user, but the rest are unlicensed. 

 

4.3 Results 

Following the above descriptions the system was simulated in Matlab using both 

algorithms. The simulation results for each algorithm are shown respectively in the 

following subsections. 
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4.3.1 Load Balancing Algorithm 

 
Fig. 4.1 The percentage of the used spectrum to the available spectrum when using 

Load Balancing Algorithm 

 

 

 
Fig. 4.2 The percentage of the transmitted traffic to the offered traffic when using 

Load Balancing Algorithm 

 



                                                                                                                                                                

 

 

 

Blekinge Tekniska Högskola 

SE–371 79 Karlskrona  22 

 
Fig. 4.3 The spectrum allocation for frame no.1 when using  

Load Balancing Algorithm 

 

 
Fig. 4.4 The spectrum allocation for frame no.10 when using  

Load Balancing Algorithm 
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Fig. 4.5 The spectrum allocation for frame no.30 when using  

Load Balancing Algorithm 

 

 
Fig. 4.6 The spectrum allocation for frame no.50 when using  

Load Balancing Algorithm 
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4.3.2 Genetic Algorithm 

 

 
Fig. 4.7 The percentage of the used spectrum to the available spectrum when using 

Genetic Algorithm 

 
Fig. 4.8 The percentage of the transmitted traffic to the offered traffic when using 

Genetic Algorithm 

 



                                                                                                                                                                

 

 

 

Blekinge Tekniska Högskola 

SE–371 79 Karlskrona  25 

 
Fig. 4.9 The spectrum allocation for frame no.1 when using  

Genetic Algorithm 

 

 
Fig. 4.10 The spectrum allocation for frame no.10 when using  

Genetic Algorithm 
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Fig. 4.11 The spectrum allocation for frame no.30 when using  

Genetic Algorithm 

 

 
Fig. 4.12 The spectrum allocation for frame no.50 when using  

Genetic Algorithm 
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4.4 Analysis 

The previous results show the benefit of using game theory in cognitive radio. It 

also shows the feasibility of the used optimization algorithms. 

From the results of the load balancing algorithm, the convergence of the algorithm 

can be seen. In fig 4.1 and fig. 4.2 both types of efficiencies reaches the maximum 

possible value after only three iterations. 

Fig. 4.3, 4.4, 4.5 and 4.6 show the variations on the spectrum allocations as the 

algorithm continues. They show that the actions vary greatly in the beginning of the 

optimization, but after some time the actions go towards a stable state or Nash 

equilibrium state. Fig. 4.6 shows the final state of the system, where this state is the 

best optimum state possible. Obtaining this kind of optimum state increases the 

reliability of the system. 

From the results of the genetic algorithm, the convergence of the algorithm can be 

seen. In fig 4.7 and fig. 4.8 both types of efficiencies reaches the maximum possible 

value after six iterations. 

Figures 4.9, 4.10, 4.11 and 4.12 show the variations on the spectrum allocations as 

the algorithm continues. They show that the actions vary greatly in the beginning of 

the optimization, but after some time the reaches a stable state or Nash equilibrium 

state. Fig. 4.12 shows the final state of the system, this state is the same as in figures 

4.11, 4.10 and 4.9. Obtaining this solution is not optimum and looks stochastic. But 

according to the optimization criteria, this state has the maximum possible utilization 

and thus the algorithm will not change it. 
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4.5 Comparison 

Table 4.1 Comparison between the load balancing algorithm and genetic algorithm 

                     Algorithm 

Property 

Load Balancing Algorithm Genetic Algorithm 

Convergence Faster, but it also balances 

the load after convergence 

Slower, but it stops after 

converging 

Mathematical concept Complex Simple 

Computational effort Low but continuous High for short times 

Nash Equilibrium State  Unique and optimum Several values 

The general behaviour Deterministic Stochastic 

Scalability Difficult to adjust the 

algorithm for several 

applications 

Very easy to adjust the 

algorithm for different 

applications 
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Chapter 5 

Conclusions and Recommendations 
 

5.1 Conclusions 

This thesis work has shown the significant potential benefits that cognitive radio 

will bring to the communication world. It also presented an insight about the most 

common techniques the cognitive radio is expected to use. In addition, it presented 

the game theory and its models. It was also shown the game theory potential 

applications in cognitive radio. Finally, we presented simulations for dynamic 

spectrum allocation in a cognitive radio system that uses game theory along with 

some optimization algorithms. 

 

From this thesis work the following conclusions can be stated: 

• The significance of cognitive radio 

• The expected operation of cognitive radio 

• The cognitive tasks and their respective usage 

• Game theory prospective use in cognitive radio 

• Simulation for spectrum allocation system using load balancing algorithm 

and genetic algorithm along with game theory. 
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5.3 Recommendations 

The research on the cognitive radio is still on its early stages. Thus, all fields of 

cognitive radio are possible candidates for future works.  

Using game theory in cognitive radio has a big room for further research. Almost 

all optimization problems in cognitive radio can be viewed as games. Thus 

optimizing those using different types of algorithms is also recommended. The most 

suitable optimization candidates in cognitive radio are power control and OFDM 

channel filling. 

Also more optimization techniques can be investigated. Examples for those 

techniques are using Multilayer Neural Network, using fuzzy logic optimization or 

using load smoothing algorithm. 
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