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Abstract

In a preference aggregation setting, a group of agents must jointly make a decision, based on the
individual agents’ privately known preferences. To do so, the agents need some protocol that will
elicit this information from them, and make the decision. Examples include voting protocols, auc-
tions, and exchanges. Mechanism design is the study of designing preference aggregation protocols
in such a way that they work well in the face of strategic (self-interested) agents. In most real-world
settings, mechanism design is confronted with various computational issues. One is the complex-
ity of executing the mechanism. Particularly in expressive preference aggregation settings (such as
combinatorial auctions), many mechanisms become hard to execute. Another is the complexity of
designing the mechanism. When general mechanisms do not apply to, or are suboptimal for, the
setting at hand, a custom mechanism needs to be designed for it, which is a nontrivial problem
that is best solved by computer (automated mechanism design). Finally, there is the complexity of
participating in the mechanism. In complex settings, agents with limited computational capabilities
(bounded agents) will not necessarily be able to act optimally, which should be taken into account
in the mechanism design process.

My thesis statement is that we can employ the study of computational aspects of the mecha-
nism design process to significantly improve the generated mechanisms in a hierarchy of ways,
leading to better outcomes (and a more efficient process). The dissertation outlines this hierarchy,
and illustrates and addresses representative issues at various levels of the hierarchy with new re-
sults. It also serves as a significant step towards a longer-term research goal: realizing a mechanism
design approach that addresses all of these issues simultaneously, comprehensively, and optimally,
in settings with real-world complexity.



4



5

Acknowledgements

At times our own light goes out and is rekindled by a spark from another person.
Each of us has cause to think with deep gratitude of those who have lighted the
flame within us.

Albert Schweitzer

First and foremost, I want to thank my advisor, Tuomas Sandholm. Tuomas has been a great
advisor. Over the course of countless research meetings, he has taught me how to take a loose idea
or result and push it to its limits by discovering variations and generalizations, implications and
applications. He has also taught me to think of the big picture and present my work accordingly.
In addition, Tuomas’ advice has extended beyond research to teaching, career planning, and even
personal issues; and he has always been willing to take extra time out of his busy schedule when
important or unusual issues came up. Meanwhile, he worked behind the scenes to make sure that
I did not have to worry about funding or adminstrative problems, and could focus on research.
Finally, and perhaps most importantly, Tuomas has been endlessly motivating and encouraging.
Tuomas brings his infective energy and enthusiasm to everything he does, and it is amazing how he
manages to stay involved in so many different threads.

I also especially want to thank the other members of my committee, Avrim Blum, Craig Boutilier,
Tom Mitchell, and Christos Papadimitriou, for their valuable feedback on this dissertation. Few
people are fortunate enough to have such a fantastic committee.

Special thanks go to Barbara Grosz and Avi Pfeffer for sparking my initial interest in AI and
putting me on the way to graduate school, allowing me to spend the last five years to think about
more interesting problems than how to spend a large salary. Barbara, Avi, and David Parkes have
since made sure that I continue to feel a part of Harvard’s computer science department by including
me in various events at conferences.

Working at CombineNet has taught me much about how my work relates and applies to practice,
and I am grateful for all the interactions that I have had with the great people there, including
Bryan Bailey, Egon Balas, Craig Boutilier, Michael Concordia, Andrew Fuqua, Andrew Gilpin,
Sam Hoda, David Levine, Paul Martyn, Jim McKenzie, George Nemhauser, David Parkes, Rob
Shields, Yuri Smirnov, Brian Smith, and Subhash Suri. I also want to thank Andrew Davenport,
Jayant Kalagnanam, and everyone else that I interacted with at IBM Research for a wonderful and
productive summer there. I am also very grateful for the IBM Ph.D. Fellowship that supported me
this past year (as well as for all the NSF funding that funded the remainder of my studies).

Back at CMU, I want to thank Andrew Gilpin for organizing the Game Theory Discussion
Group for multiple years, which has been a great forum for us to discuss and explore our research. I
have also benefited greatly from many technical discussions with Kate Larson, Andrew Gilpin, An-
ton Likhodedov, David Abraham, Rob Shields, Benoı̂t Hudson, Alex Nareyek, Paolo Santi, Felix
Brandt, Marty Zinkevich, Rudolf Müller, Nina Balcan, Michael Benisch, Michael Bowling, Shuchi
Chawla, Liz Crawford, George Davis, Jon Derryberry, Nikesh Garera, Daniel Golovin, Jason Hart-
line, Sam Hoda, Sham Kakade, Zhijian Lim, Daniel Neill, XiaoFeng Wang, Andrew Moore, Roni
Rosenfeld, Manuela Veloso, and many others.



6

I am also indebted to many other researchers in distributed AI, multiagent systems, electronic
commerce, and economics with whom I have had valuable discussions. While the following list
is undoubtedly incomplete (not only due to my failing memory, but also due to the anonymity of
the review process), special thanks go out to Alon Altman, Moshe Babaioff, Liad Blumrosen, Giro
Cavallo, Raj Dash, Edith Elkind, Boi Faltings, Kobi Gal, Rica Gonen, Georg Gottlob, Amy Green-
wald, Barbara Grosz, Joe Halpern, Edith Hemaspaandra, Nathanaël Hyafil, Sam Ieong, Atsushi
Iwasaki, Adam Juda, Radu Jurca, Gal Kaminka, Michael Kearns, Sebastién Lahaie, Jérôme Lang,
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