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Preface

The project of writing this monograph was conceived in August 2006. It is a mat-
ter of delight and satisfaction that this monograph would be published during the
centenary year (May 27, 2008 – May 26, 2009) of our dear alma mater, the Indian
Institute of Science, which is truly a magnificent temple and an eternal source of
inspiration, with a splendid ambiance for research.

Studying the rational behavior of entities interacting with each other in orga-
nized or ad-hoc marketplaces has been the bread and butter of our research group
here at the Electronic Commerce Laboratory, Department of Computer Science and
Automation, Indian Institute of Science. Specifically, the application of game theo-
retic modeling and mechanism design principles to the area of network economics
was an area of special interest to the authors. In fact, the dissertations of the sec-
ond, third, and fourth authors (Dinesh Garg, Ramasuri Narayanam, and Hastagiri
Prakash) were all in this area. Dinesh Garg’s Doctoral Thesis, which later won the
Best Dissertation Award at the Department of Computer Science and Automation,
Indian Institute of Science for the academic year 2006-07, included an interesting
chapter on applying the brilliant work of Roger Myerson (Nobel laureate in Eco-
nomic Sciences in 2007) to the topical problem of sponsored search auctions on
the web. Ramasuri’s Master’s work applied mechanism design to develop robust
broadcast protocols in wireless ad hoc networks while Hastagiri’s Master’s work de-
veloped resource allocation mechanisms for computational grids. The moment we
realized, in these three strands of work, the common thread of applying mechanism
design to solve important current problems in network economics, the monograph
suggested itself, and we immediately embarked on this journey of putting together
this monograph.

The last decade (1999-2008), as ingeniously observed by Christos Papadimitriou
in his sparkling foreword to the edited volume Algorithmic Game Theory (Cam-
bridge University Press, 2007), has seen the convergence of two intellectual cur-
rents, Game Theory and Computer Science, created more than six decades ago by
the legendary John von Neumann. In particular, during this decade, the applica-
tion of game theory and mechanism design to problem solving in electronic com-
merce, supply chain management, protocol design in networks, etc., has seen a
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dramatic rise. This phenomenon certainly inspired our foray into this area in the
year 2000. Concurrently, there were other developments that helped us to get locked
into this area during the past eight years. Intel India, Bangalore, funded a collabo-
rative project in 2000 that required the development of a multi-attribute combina-
torial procurement auction for their indirect materials procurement. General Mo-
tors R & D, Warren, Michigan, next collaborated with our group to develop pro-
curement auction mechanisms for their direct materials procurement during 2002-
2004. Following this, General Motors R & D again funded us to design game theory
and mechanism design based algorithms for procurement network formation during
2005-2007. Meanwhile, Infosys Technologies, Bangalore, collaborated with us in
2006-07 on applying game theory and mechanism design to the web services com-
position problem. More recently, the Office of Naval Research, Arlington, Virginia,
USA, has funded an ongoing project on applying game theory to problem solving in
complex networks. These projects helped us to investigate deep practical problems,
providing an ideal complement to our theoretical work in the area. We have also
been very fortunate to be working in this area during an eventful period when game
theorists and mechanism designers have been awarded the Nobel Prize in Economic
Sciences. We were excited when Professors Robert Aumann and Thomas Schelling
were awarded the Nobel Prize 2005. In fact, we had an illuminating visit by Robert
Aumann in January 2007 to the Indian Institute of Science. Our excitement reached
a crescendo when, just two years later, Professors Leonid Hurwicz, Eric Maskin,
and Roger Myerson were awarded the Nobel Prize in Economic Sciences in 2007
for their fundamental contributions to mechanism design theory.

Set in the above backdrop, the monograph is organized into two logical parts. The
first part comprises a long chapter (Chapter 2) that contains an overview of foun-
dational concepts and key results in mechanism design. This chapter is intended as
a self-sufficient introduction to mechanism design theory with the help of carefully
crafted, stylized network economics examples. The chapter also includes interest-
ing biographical notes on legendary researchers who have made key contributions
to game theory and mechanism design. The second part of the monograph contains
an exposition of representative game theoretic problems in three different network
economics situations and a systematic exploration of mechanism design solutions
to these problems. This part has three chapters: Chapter 3 deals with the sponsored
search auction problem, Chapter 4 with the resource allocation problem in computa-
tional grids, and Chapter 5 with robust broadcast protocol design problem in ad hoc
networks. We conclude the monograph with Chapter 6 where we provide several
pointers to the relevant literature to facilitate a deeper and broader investigation of
problem solving with mechanism design.

The monograph has been structured with the objective of providing a sound foun-
dation of relevant concepts and theory to help apply mechanism design to problem
solving in a rigorous way. At the end of a serious reading of this monograph, the
readers should be able to model real-world situations using game theory, analyze the
situations using game theoretic concepts, and design correct and robust solutions
(mechanisms, algorithms, protocols) that would work for agents that are rational
and intelligent.
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All the authors of this monograph have learned game theory by reading their fa-
vorite book Game Theory: Analysis of Conflict by Roger Myerson, and they have
learned mechanism design by reading the amazingly comprehensive book Micro-
economic Theory by Mas-Colell, Whinston, and Green. Therefore the readers would
find many discussions in this monograph inspired in a quite striking way by these
two classics. This is an involuntary response to the indelible impact and awesome
influence these two books have had on all of us.

We wish to draw the attention of our readers regarding the use of certain words
and phrases. We use the words players and agents interchangeably throughout the
text. The words bidders, buyers, and sellers are often used to refer to players in an
auction or a market. The words he and his are used symbolically to refer to both
the genders. This has been done to avoid frequent usage of phrases such as he/she
or his/her. Also, we have occasionally used the words it and its while referring to
players or agents.

The monograph is targeted at several categories of audience. The first target in-
cludes first year graduate students and final year Master’s students in the depart-
ments of computer science, electrical engineering, communications, systems engi-
neering, industrial engineering and operations research, management science, and
economics, and business schools. The next target includes researchers from both
academic institutions and industries working in the areas of Network and Internet
Economics, Internet Analytics, Electronic Commerce, Supply Chain Management,
Wireless Networks, Communication Networks, Social Networks, etc. The mono-
graph would serve as a suitable supplementary reference for courses such as Game
Theory, Mechanism Design, Microeconomic Theory, Electronic Commerce, Net-
work Economics, and Supply Chain management. The first author has successfully
used the material from this monograph in two courses: Game Theory and Electronic
Commerce. It is our sincere hope that the monograph will whet the appetite of the
intended audience and create an intense interest in this exciting subject.
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