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Foreword

It is a great pleasure and honor to write the forward for this book, representing
the culmination of Shimon Whiteson’s Ph.D. thesis research at The University of
Texas at Austin. When I arrived at UT Austin in the fall for 2002, Shimon was one
of the first students to walk into my office and we began doing research together
almost immediately. Our research helped form the nucleus of my research group,
the Learning Agents Research Group, and Shimon became my first Ph.D. graduate
in the spring of 2007.

Shimon was an ideal first student for a new assistant professor. He has a strong
sense of what he wants to learn, and is never satisfied with a partial answer to any
question. Most importantly for this book, he is self-assured and is willing to take
risks in order to achieve meaningful results.

After several initial contributions that built upon my own past research, Shimon
set off on his own towards his most important technical contribution so far, namely
the development of a novel algorithm, NEAT+Q, capable of evolving neural network
function approximators for reinforcement learning agents. The technical details of
NEAT+Q are well-presented in the book, so suffice it to say here that his work on
adaptive representations for reinforcement learning takes a substantial step towards
addressing one of the key current issues in the field of machine learning, namely
how to select the underlying representation that an agent uses when learning.

Perhaps more importantly, Shimon’s work actively brings researchers in tempo-
ral difference learning and evolutionary computation — two largely disjoint com-
munities that focus on similar problems — closer together by being recognized
and respected in both communities. This cross-disciplinary aspect of his work was
the biggest risk involved, especially for a Ph.D. student who has an eye towards
academia. There was a chance that the research would not be accepted by anybody.
Instead, he was able to achieve recognition in both areas.

By way of the research presented in this book, Shimon has established himself as
one the pre-eminent worldwide experts on machine learning for sequential decision
making tasks. A particular strength of the research is its detailed empirical analysis
of both the capabilities and the limitations of all variants of his proposed algorithms.
In addition, Shimon’s clear writing style, full explanation of background material,



VIII Foreword

and detailed survey of related work make his book useful beyond its own research
contributions.

In short, for both newcomers to the field and for practitioners looking for nuanced
detail, this book has plenty to offer!

Austin, TX, Peter Stone, Associate Professor
December 2009 University of Texas at Austin



Preface

This book presents the main results of the research I conducted as a Ph.D. stu-
dent at The University of Texas at Austin, primarily between 2004 and 2007. The
primary contributions are new algorithms for reinforcement learning, a form of ma-
chine learning in which an autonomous agent seeks an effective control policy for
tackling a sequential decision task. Unlike in supervised learning, the agent never
sees examples of correct or incorrect behavior but receives only a reward signal as
feedback. One limitation of current methods is that they typically require a human
to manually design a representation for the solution (e.g. the internal structure of
a neural network). Since poor design choices can lead to grossly suboptimal poli-
cies, agents that automatically adapt their own representations have the potential to
dramatically improve performance. This book introduces two novel approaches for
automatically discovering high-performing representations.

The first approach synthesizes temporal difference methods, the traditional ap-
proach to reinforcement learning, with evolutionary methods, which can learn rep-
resentations for a broad class of optimization problems. This synthesis is accom-
plished via 1) on-line evolutionary computation, which customizes evolutionary
methods to the on-line nature of most reinforcement learning problems, and 2)
evolutionary function approximation, which evolves representations for the value
function approximators that are critical to the temporal difference approach.

The second approach, called adaptive tile coding, automatically learns represen-
tations based on tile codings, which form piecewise-constant approximations of
value functions. It begins with coarse representations and gradually refines them
during learning, analyzing the current policy and value function to deduce the best
refinements.

This book also introduces a novel method for devising input representations. In
particular, it presents a way to find a minimal set of features sufficient to describe
the agent’s current state, a challenge known as the feature selection problem. The
technique, called Feature Selective NEAT is an extension to NEAT, a method for
evolving neural networks used throughout this work. While NEAT evolves both the
topology and weights of a neural network, FS-NEAT goes one step further by learn-
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ing the network’s inputs too. Using evolution, it automatically and simultaneously
determines the network’s inputs, topology, and weights.

In addition to introducing these new methods, this book presents extensive em-
pirical results in multiple domains demonstrating that these techniques can substan-
tially improve performance over methods with manual representations.

The research presented in this book would not have been possible without the
critical contributions of many collaborators. These include Peter Stone, my Ph.D.
advisor; Risto Miikkulainen, a member of my thesis committee; and my colleagues
Nate Kohl, Ken Stanley, and Matt Taylor. In addition, this research was supported
in part by grants from IBM, NASA, NSF, and DARPA and by an IBM Ph.D. Fel-
lowship.

Amsterdam, The Netherlands Shimon Whiteson, Assistant Professor
February 2010 University of Amsterdam
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