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Preface

With the recent advances in telecommunications technologies, wireless networking has
become ubiquitous because of the great demand created by pervasive mobile appli-
cations. The convergence of computing, communications, and media will allow users
to communicate with each other and access any content at any time and at any place.
Future wireless networks are envisioned to support various services such as high-speed
access, telecommuting, interactive media, video conferencing, real-time Internet games,
e-business ecosystems, smart homes, automated highways, and disaster relief. Yet many
technical challenges remain to be addressed in order to make this wireless vision a real-
ity. A critical issue is devising distributed and dynamic algorithms for ensuring a robust
network operation in time-varying and heterogeneous environments. Therefore, in order
to support tomorrow’s wireless services, it is essential to develop efficient mechanisms
that provide an optimal cost-resource-performance tradeoff and that constitute the basis
for next-generation ubiquitous and autonomic wireless networks.

Game theory is a formal framework with a set of mathematical tools to study the com-
plex interactions among interdependent rational players. For more than half a century,
game theory has led to revolutionary changes in economics, and it has found a number of
important applications in politics, sociology, psychology, communication, control, com-
puting, and transportation, to list only a few.During the past decade, there has been a surge
in research activities that employ game theory to model and analyze modern communica-
tion systems. This is mainly due to (i) the emergence of the Internet as a global platform
for computation and communication, which has sparked the development of large-
scale, distributed, and heterogeneous communication systems; (ii) the deregulation of
the telecommunications industry, and the dramatic improvement in computation power,
which has made it possible for various network entities to make independent and selfish
decisions; and (iii) the need for robust designs against uncertainties, e.g., in security
situations that can sometimes be modeled as games of users with malicious intent.

Consequently, combining game theory with the design of efficient distributed algo-
rithms for wireless networks is desirable but at the same time challenging. On the one
hand, wireless network users are generally selfish in nature. For instance, distributed
mobile users tend to maximize their own performance, regardless of how this maximiza-
tion affects the other users in the network, subsequently giving rise to competitive scenar-
ios.On theother hand, in some scenarios, cooperation is required amongwireless network
users for performance enhancement. These situations recently motivated researchers
and engineers to adopt game-theoretic techniques for characterizing competition and
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xvi Preface

cooperation in wireless networks. As a result, game theory has been applied to solve
many problems in wireless systems, e.g., those that arise in power control, network
formation, admission control, cognitive radio, and traffic relaying. In fact, game the-
ory provides solid mathematical tools for analyzing competition and cooperation in an
ensemble of multiple players having individual self-interests. Various solution concepts
from game theory are highly appropriate for communications and networking prob-
lems, such as equilibrium solutions that are desirable in competitive scenarios, since
they lead to designs that are robust to the deviations made by any player. There are
many popular wireless and communications applications that have recently explored
game-theoretic techniques, including, but not limited to, cognitive radio, heterogeneous
wireless networks, cellular networks, cooperative networks, and multi-hop networks. It
is now commonly acknowledged that within the rich landscape of game theory, new
aspects of network design (e.g., with cooperative and non-cooperative behaviors of the
wireless entities) can be investigated using appropriate solution concepts.

Although game theory has been applied to wireless communications and networking
for many years, there are only a few books that allow researchers, engineers, and grad-
uate/undergraduate students to study game theory from an engineering perspective. On
the one hand, most of the existing game theory books focus on the mathematical and eco-
nomical aspects, which are considerably different from the engineering (and particularly
the application-oriented) perspective. On the other hand, the wireless communications
and networking books focus mainly on system optimization or control techniques while
overlooking distributed algorithms. In addition, the cooperative and non-cooperative
behaviors of the network entities (e.g., users or service providers) cannot be modeled
and analyzed effectively using the techniques presented in these books. Therefore, there
is a need to develop a comprehensive and useful reference source that can provide
complete coverage on how to adequately apply game theory to the design of wireless
communications and networking.

In this regard, this book not only focuses on the description of the main aspects of
game theory in the context of wireless communications, but also provides an extensive
review of the applications of game theory in wireless communications and networking
problems. In a nutshell, it provides a comprehensive treatment of game theory in wireless
communications and networking. The topics range from the basic concepts of game
theory to the state of the art of analysis, design, and optimization of game-theoretic
techniques for wireless and communication networks. The three main objectives of this
book are as follows:

• This book introduces the basics of game theory fromanengineeringperspective. In par-
ticular, the basics of game theory are explained and discussed in the context of wireless
communications and networking. For example, the book provides a clear description
of the main game-theoretic entities in a communication environment (e.g., the players,
their strategies, utilities and payoffs, and the physical meaning, in a wireless network
environment, of the different game-theoretic concepts such as equilibria).

• This book provides an extensive review/survey of the applications of game theory to
wireless communications and networking. With this review/survey of applications,
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Preface xvii

readers can understand how game theory can be applied in different wireless systems
and can acquire an in-depth knowledge of the recent developments in this area. In this
context, this book presents tutorial-like chapters that explain, clearly and concisely,
how game-theoretic techniques can be applied to solving state-of-the-art wireless
communications problems. In particular, the benefits of using game theory in wireless
communications environments are emphasized. The target audience of this book are
researchers, engineers, and undergraduate and graduate students who are looking for a
self-containedbook fromwhich to learn game theory and its application tomulti-player
decision-making problems in wireless and other engineering systems.

• Most of the research in this field has been focused on applying standard game-theoretic
models and techniques to several limited topics, such as power control in wireless net-
works and routing in wire-line networks. However, game theory is a very powerful
tool and can help us better understand many other aspects of communication net-
works. The goals of this book are to provide the fundamental concepts of game theory
and also to bring together the state-of-the-art research contributions that address the
major opportunities and challenges of applying game theory in wireless engineering
problems. The applications presented here are varied and cover a significant part of
the most recent challenges and problems in wireless communications and networking
systems. In this respect, we believe that this book will be useful to a variety of readers
from the wireless communications and networking fields. The material from this book
can be used to design and develop more efficient, scalable, and robust communication
protocols.

To summarize, the key features of this book are

• a unified view of game-theoretic approaches to wireless networks
• comprehensive treatment of state-of-the-art distributed techniques for wireless com-

munications problems
• coverage of a wide range of techniques for modeling, designing, and analyzing of

wireless networks using game theory
• an outline of the key research issues related to wireless applications of game theory.

We would like to thank Dr. K. J. Ray Liu, Dr.Vincent Poor, Dr. John M. Cioffi, Dr. Luiz
DaSilva, Dr. Allen MacKenzie, Dr. Mérouane Debbah, Dr. Ekram Hossain, Dr. Jianwei
Huang,Dr. NinoslavMarina, Dr. Guan-Ming Su,Dr.Yan Sun,Dr. HushengLi, Dr. Beibei
Wang, Dr. Charles Pandana, Dr. Zhu Ji, Dr. Rong Zheng, Dr. Xinbing Wang, Dr. Amir
Leshem, Dr. Tansu Alpcan, Dr. Eduard Jorswieck, Mr. Quanyan Zhu, Dr. Eitan Altman,
Dr. Corinne Touati, and Dr. María ÁngelesVázquez-Castro for their support on the book.
We also would like to acknowledge the support of Mr. Ray Hardesty for text-editing and
Ms. Jessy Stephan for her book cover design.

Wewould also like to acknowledge various granting agencies that supported part of the
work reported in this book.These agencies are theUSNSF through grantsCNS-0905556,
CNS-0910461, CNS-0953377, and ECCS-1028782; NTU Start-Up Grant – Project
“Radio Resource Management in Heterogeneous Wireless Networks”; Singapore
Ministry of Education (MOE) AcRF Tier 1 – Project “Radio Resource Management

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-19696-3 - Game Theory in Wireless and Communication Networks: Theory, Models, and
Applications
Zhu Han, Dusit Niyato, Walid Saad, Tamer Başar and Are Hjørungnes
Frontmatter
More information

http://www.cambridge.org/9780521196963
http://www.cambridge.org
http://www.cambridge.org


xviii Preface

over Cognitive Radio Networks”;A*STAR – SERC (Science and Engineering Research
Council) “Data Value Chain as a Service” – Project “Design and Analysis of Cloud
Computing for Data Value Chain: Operation ResearchApproach”; the Research Council
of Norway for their funding of the VERDIKT Project “Mobile-to-Mobile Commu-
nication Systems (M2M)” (project number 183311/S10) and the FRITEK Project
“Theoretical Foundations of Mobile Flexible Networks (THEFONE)” (project num-
ber 197565/V30); and the US AFOSR and DOE through grants AF FA9550-09-1-0249
and DOE SC0003879 ARRA.

Zhu Han
Dusit Niyato
Walid Saad

Tamer Başar
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