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Abstract: 
It is a fact that more and more people from the community of wireless 
communications are using concepts like artificial intelligence, cognitive radio, ad hoc 
and distributed networks in their research. Wireless networks implementing these 
concepts contain three ingredients that make game theory a fruitful theory for their 
analysis and design: 1. terminals have a certain degree of intelligence or cognition; 2. 
terminals share common resources (spectrum, time, power, space, etc) which implies 
interaction between them; 3. wireless networks are highly structured which favors the 
success of game theoretic analysis. One of the purposes of the proposed tutorial is 
precisely that the attendees acquire a rigorous methodology and appropriate 
mathematical tools to analyze and design such future wireless networks. The tutorial 
will characterize itself by several original features: 
1. The presentation of the different mathematical concepts will be made very 
rigorously. 
2. A quite significant part of the tutorial will rely on three key theories: game theory of 
course but also Shannon theory and random matrix theory. These theories will be 
shown how to harmoniously interact in order to gain more insights into the addressed 
situation. 
3. Both the engineer and theorist standpoints will be considered. In particular a clear 
mapping between practical problems in wireless networks and game theoretic 
approaches will be established. Example: it is known that channel state information 
(CSI) is always imperfect whereas almost all the papers available in the literature 
assume perfect CSI. It will be shown how the most recent and advanced concepts 
from stochastic games and games with incomplete information can be used to 
address this problem. 
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4. From the application point of view an emphasis on cognitive radio and dynamic 
spectrum management will be made. 
5. A list of challenging problems will be provided and discussed. 

 
Outline: 
The planned content is as follows: 
Part 1: Fundamentals of game theory (main historical milestones, mathematical 
definition of a game, difference between a game and an optimization problem, etc). 
Part 2: Classification of games relevant for wireless networks (static/dynamic games, 
finite/non atomic games, etc). Key equilibria and key theorems of existence and 
uniqueness (Debreu, Rosen, Glicksberg, Nash, etc). 
Part 3: Useful tools for game theory: information theoretic metrics, key results from 
random matrix theory, optimization theory. 
Part 4: Study of cases: power allocation, medium access control, routing protocols, 
cognitive radio systems, scheduling, spectrum sharing. Summary providing a general 
methodology to tackle the study of future networks. 
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