Tutorial T-18: Game Theory for Future Wireless Networks: Challenges and Opportunities
Presenters: Walid Saad (Virginia Tech, USA), Mehdi Bennis (University of Oulu, Finland)
Tutorial Overview

Next-generation wireless systems are characterized by three key features: heterogeneity, in terms of
technology and services, dynamics, in terms of rapidly varying environments and uncertainty, and
size, in terms of number of users, nodes, and services. The need for smart, secure, and autonomic
network designs has become a central research issue in a variety of applications and scenarios. One
example is next-generation heterogeneous wireless small cell networks in which a myriad of devices
must be able to interact, co-exist, meet stringent QoS requirements, and self-adapt to uncertainties
and time-varying environments. Another example is cognitive radio networks, which are envisioned
as a large-scale wireless system with multiple stakeholders that must interact, operate, and control
wireless operations such as spectrum sharing, at both technical and economic levels. Incorporating
self-organizing capabilities along with smarter security solutions in heterogeneous wireless systems
motivates the development of innovative analytical techniques. In this respect, game theory is
expected to play a critical role towards deploying intelligent, distributed, and flexible networked
systems in which devices can make independent and rational strategic decisions, smartly adapting to
their environment.

To this end, this tutorial will focus on the confluence of seemingly disparate disciplines: game theory,
economics, and networking; while presenting the state of the art in this interdisciplinary area. In
particular, this tutorial will provide a comprehensive introduction to game theory in its two
branches: non-cooperative and cooperative games, as it applies to the design of future networks.
We will also discuss new emerging types of games such as matching theory. For each type of games,
we present the fundamental components, introduce the key properties, mathematical techniques,
solution concepts, and we describe the challenges and methods for applying these games in two
emerging fields: (i)- The design and analysis of heterogeneous and cognitive 5G wireless networks
and (ii)- the development of innovative wireless security solutions in a variety of settings. The
tutorial concludes by shedding some light on future opportunities and challenges in this area.
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