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Game Theory in Signal Processing 
and Communications

G
ame theory is a branch of 
mathematics aimed at the 
modeling and understand-
ing of resource conflict 
problems. Essentially, the 

theory splits into two branches: noncoop-
erative and cooperative game theory. The 
distinction between the two is whether or 
not the players in the game can make joint 
decisions regarding the choice of strategy. 
Noncooperative game theory is closely 
connected to minimax optimization and 
typically results in the study of various 
equilibria, most notably the Nash 
equilibrium. Cooperative game 
theory examines how strictly 
rational (selfish) actors can ben-
efit from voluntary cooperation 
by reaching bargaining agree-
ments. Another distinction is 
between static and dynamic 
game theory, where the latter 
can be viewed as a combination 
of game theory and optimal control. In 
general, the theory provides a structured 
approach to many important problems 
arising in signal processing and commu-
nications, notably resource allocation and 
robust transceiver optimization. Recent 
applications also occur in other emerging 
fields, such as cognitive radio, spectrum 
sharing, and in multihop-sensor and ad-
hoc networks. 

THE INCREASING INTEREST 
IN GAME THEORY
This special section’s goal is to  promote 
the use of game theory in the signal pro-
cessing community. The motivation for 
this is that the successful application of 
game theory is arising in an increasing 
number of engineering fields, notably in 
those related to information and com-

munication technologies. Examples of 
this are game-theoretic criteria for 
scheduling processes in multiprocessor 
computing machines or for distributing 
bandwidth and transmission power in 
wireless packet communication net-
works. There is an increasing interest in 
the topic of game theory in the signal 
processing community, as evidenced by 
the success of recent workshops and 
special sessions. 

In this special section, we bring togeth-
er eight articles on a  variety of topics. 

The first article, “Game Theory and 
the Flat-Fading Gaussian Interference 
Chan nel” by Larsson, Jorswieck, 
Lindblom, and Mochaourab, introduces 
basic concepts of noncooperative and 
cooperative game theory and applies 
them to spectrum sharing in wireless 
communications. The cases of single-
input, single-output channels; multiple-
input, single-output; and multiple-input, 
multiple-output channels are discussed. 

The next article, “Game Theory and 
the Frequency Selective Interference 
Channel” by Leshem and Zehavi, pro-
vides an overview of game-theoretic 
models and techniques for communica-
tion over frequency-selective interference 
channels. Both noncooperative (competi-
tive) and cooperative game theoretic 
models are discussed. 

Lasaulce, Debbah, and Altman focus 
on the fundamental yet challenging 

issue of finding equilibrium points of 
cooperative or noncooperative games 
(i.e., solving the games) in their article, 
“Methodologies for Analyzing Equilibria 
in Wireless Games.” A number of results 
concerning the existence, uniqueness, 
selection, and efficiency of equilibria 
are presented, and their relevance to 
problems in wireless communications 
are discussed. 

The fourth article, “Distributed 
Resource Allocation Schemes,” by 
Schmidt, Shi, Berry, Honig, and Utschick, 

discusses decentralized, scal-
able schemes for cooperative 
resource allocation in wireless 
networks. The main concept 
introduced is price of interfer-
ence, which measures the mar-
ginal decrease in utility for a 
marginal increase in interference. 

A classical issue in signal 
processing, namely, waveform 

adaptation, is  tackled in the next article, 
“Noncooperative Wave form Adaptation 
Games in Multiuser Wire less Communi-
cations,” by Buzzi, Poor, and Saturnino. 
The authors show that a game-theoretic 
approach is expedient in the selection of 
spreading signatures in a code-division 
multiple-access wireless communica-
tions network. They also illustrate the 
application of the same tech nique to 
other signal processing problems, such 
as beamforming in multiuser commu-
nications and signal design in cognitive 
radio networks. 

Cooperation in self-organized decen-
tralized communication systems is ana-
lyzed by cooperative game theory in the 
sixth article, “Coalitional Game Theory 
for Communication Networks,” by Saad, 
Han, Debbah, Hjørungnes, and Başar. 

THE SUCCESSFUL APPLICATION 
OF GAME THEORY IS ARISING IN 

AN INCREASING NUMBER OF 
ENGINEERING FIELDS, NOTABLY 

IN THOSE RELATED TO INFORMATION 
AND COMMUNICATION 

TECHNOLOGIES.
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component 5), GSTP1, and NFkB. 
Potential targets for malignant prostate 
cancer, such as PTN (pleiotrophin), 
MAP3k3 (mitogen-activated protein 
kinase) NFkB, and CHUK (conserved 
helix-loop-helix ubiquitous kinase) are 
also included in the selected paths. More 
importantly, it has been reported that 
PTN in path1 is related to prostate can-
cer migration and NFkBIA in path3, and 
path4 is associated with prostate cancer 
metastasis in the publications. Such col-
lected information indicates that the 
selected paths are valuable for biomark-
ers and targets discovery. 

Second, by checking the shared GO 
terms of the proteins in the identified 
paths, we derived that most proteins in 
the paths share the same GO terms 
1P , 1022 2  [7], which suggests that the 
proteins on the selected paths may func-
tion similarly (Figure 2). The GO molec-
ular function information indicates that 
most proteins in the identified paths are 
responsible for the similar tasks related 
to development of prostate cancer. Many 
proteins in the identified paths are 
highly expressed in the prostate tissue. 
Moreover, the information of cellular 
localization suggests that the proteins 
in the path are responsible for the sig-
nal transductions between cross-talking 
of cytoplasm and nucleus (Figure 2). 

Last, the paths display high accura-
cies in patient classification (as high as 
85%) as shown in Figure 2. The features 

that are input into a support vector 
machine (SVM) are the combined path 
expressions computed by the correspond-
ing gene expressions of composite pro-
teins in the path. After mapping the gene 
expressions from single proteins to 
paths, we identified the potential of the 
paths to serve as the biomarkers for clas-
sifying metastasis patients. The results of 
the patients classification indicate that 
the selected paths may predict the possi-
bility of  prostate cancer migrating to the 
other tissues. The validations from avail-
able biological information indicate that 
the four selected paths are of high confi-
dence in the central roles of prostate 
metastasis, and our approach of such 
biological signal processing is promising 
to in discovering diagnosis and prognosis 
biomarkers as well as treatment targets.
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This tutorial provides an overview of co-
alitional game theory concepts and their 
applications in communications and wire-
less networks. The mathematical tools and 
techniques needed to study coalitional 
games are presented for three classes of 
games: canonical coalitional, coalition for-
mation, and coalitional graph games. 

The seventh article, “Natural Coop-
eration in Wireless Networks,” by Yang, 
Klein, and Brown, discusses selfish be-
havior in networks on different layers 
using tools from noncooperative game 
theory. Natural cooperation without 
extrinsic incentive mechanisms is 

achieved in a repeated game frame-
work, with credible punishments for 
defection and under long-term payoffs. 
The efficiency of this framework is il-
lustrated by several relevant communi-
cation scenarios. 

Finally, Scutari, Palomar, Pang, and 
Facchinei introduce a variation inequal-
ity (VI) framework for modeling and solv-
ing the interaction problems of rational 
entities in their article “Flexible Design 
of Cognitive Radio Wireless Systems.” 
This framework integrates and supple-
ments classical game theory and the ar-
ticle reflects the frontier of research in 

this area. The authors focus in particular 
on VI techniques for solving problems in 
the field of resource allocation (power, 
bit rate) in cognitive radio networks with 
variable interference constraints. 
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