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AUTOMATED PLANNING AND ACTING

Autonomous Al systems need complex computational techniques for
planning and performing actions. Planning and acting require significant
deliberation because an intelligent system must coordinate and integrate
these activities in order to act effectively in the real world. This book
presents a comprehensive paradigm of planning and acting using the most
recent and advanced automated-planning techniques. It explains the com-
putational deliberation capabilities that allow an actor, whether physical
or virtual, to reason about its actions, choose them, organize them purpose-
fully, and act deliberately to achieve an objective.

Useful for students, practitioners, and researchers, this book covers
state-of-the-art planning techniques, acting techniques, and their integra-
tion which will allow readers to design intelligent systems that are able to
act effectively in the real world.
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To think is easy, to act is hard.
The hardest is to act in accordance with your thinking.
Elective Affinities, Johann Wolfgang von Goethe
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Foreword

Over ten years ago, Malik Ghallab, Dana Nau, and Paolo Traverso gave us the first —and
to date only — comprehensive textbook dedicated to the field of Automated Planning,
providing a much needed resource for students, researchers and practitioners. Since
then, this rich field has continued to evolve rapidly. There is now a unified understand-
ing of what once seemed disparate work on classical planning. Models and methods
to deal with time, resources, continuous change, multiple agents, and uncertainty have
substantially matured. Cross-fertilization with other fields such as software verification,
optimization, machine learning, and robotics has become the rule rather than the excep-
tion. A phenomenal range of applications could soon be within reach — given the right
future emphasis for the field.

Today, the authors are back with a new book, Automated Planning and Acting. As
the title indicates, this is not a mere second edition of the older book. In line with the
authors’ analysis of where the future emphasis should lie for the field to realize its full
impact, the book covers deliberative computational techniques for both planning and
acting, that is, for deciding which actions to perform and also how to perform them.
Automated Planning and Acting is more than a graduate textbook or a reference book.
Not only do the authors outstandingly discharge their duties of educating the reader
about the basics and much of the recent progress in the field, but they also propose a new
framework from which the community can start to intensify research on deliberative
acting and its integration with planning.

These aims are reflected in the book’s content. The authors put the integration of
planning and acting at the forefront by dedicating an entire chapter to a unified hierar-
chical model and refinement procedures that suit the needs of both planning and acting
functions. Each chapter devoted to a particular class of representations also includes sig-
nificant material on the integration of planning and acting using these representations.
Overall, the book is more focused than its predecessor, and explores in even greater
depth models and approaches motivated by the needs of planning and acting in the real
world, such as handling time and uncertainty. At the same time, the authors successfully
balance breadth and depth by providing an elegant, concise synthesis of a larger body
of work than in their earlier text.

xiii
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Xiv Foreword

There is no doubt that Automated Planning and Acting will be the text I require my
students to read when they first start, and the goto book on my shelf for my own refer-
ence. As a timely source of motivation for game-changing research on the integration
of planning and acting, it will also help shape the field for the next decade.

Sylvie Thiébaux
The Australian National University
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Preface

This book is about methods and techniques that a computational agent can use for
deliberative planning and acting, that is, for deciding both which actions to perform and
how to perform them, to achieve some objective. The study of deliberation has several
scientific and engineering motivations.

Understanding deliberation is an objective for most cognitive sciences. In arti-
ficial intelligence research, this is done by modeling deliberation through computa-
tional approaches both to enable it and to allow it to be explained. Furthermore, the
investigated capabilities are better understood by mapping concepts and theories into
designed systems and experiments to test empirically, measure, and qualify the proposed
models.

The engineering motivation for studying deliberation is to build systems that exhibit
deliberation capabilities and develop technologies that address socially useful needs. A
technological system needs deliberation capabilities if it must autonomously perform a
set of tasks that are too diverse — or must be done in environments that are too diverse —
to engineer those tasks into innate behaviors. Autonomy and diversity of tasks and
environments is a critical feature in many applications, including robotics (e.g., service
and personal robots; rescue and exploration robots; autonomous space stations, satel-
lites, or vehicles), complex simulation systems (e.g., tutoring, training or entertainment),
or complex infrastructure management (e.g., industrial or energy plants, transportation
networks, urban facilities).

MOTIVATION AND COVERAGE

The coverage of this book derives from the view we advocated for in our previous work
[231], which we now briefly summarize.

Automated planning is a rich technical field, which benefits from the work of
an active and growing research community. Some areas in this field are extensively
explored and correspond to a number of already mature techniques. However, there
are other areas in which further investigation is critically needed if automated planning
is to have a wider impact on a broader set of applications. One of the most important

XV
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XVi Preface

such areas, in our view is the integration of planning and acting. This book covers several
different kinds of models and approaches — deterministic, hierarchical, temporal, nonde-
terministic and probabilistic — and for each of them, we discuss not only the techniques
themselves but also how to use them in the integration of planning and acting.

The published literature on automated planning is large, and it is not feasible to
cover all of it in detail in a single book. Hence our choice of what to cover was moti-
vated by putting the integration of planning and acting at the forefront. The bulk of
research on automated planning is focused on a restricted form called classical plan-
ning, an understanding of which is prerequisite introductory material, and we cover it
in part of Chapter 2. But we have devoted large parts of the book to extended classes of
automated planning and acting that relax the various restrictions required by classical
planning.

There are several other kind of deliberation functions, such as monitoring, reason-
ing about one’s goals, reasoning about sensing and information-gathering actions, and
learning and otherwise acquiring deliberation models. Although these are not our focus,
we cover them briefly in Chapter 7.

The technical material in this book is illustrated with examples inspired from con-
crete applications. However, most of the technical material is theoretical. Case studies
and application-oriented work would certainly enrich the integration of planning and
acting view developed in here. We plan to devote a forthcoming volume to automated
planning and acting applications.

USING THIS BOOK

This work started as a textbook project, to update our previous textbook on automated
planning [230]. Our analysis of the state of the art led us quickly to embrace the objective
of covering planning and acting and their integration and, consequently, to face two
obstacles:

* The first problem was how to cover a domain whose scope is not easily amenable to
a sharp definition and that requires integrating conceptually heterogenous models and
approaches. In contrast to our previous book, which was focused on planning, this one
proved harder to converge into a reasonably united perspective.

¢ The second problem was how to combine a textbook approach,i.e.,a coherent synthesis
of the state of the art, with the development of new material. Most of this new material
is presented in comprehensive detail (e.g.,in Chapter 3) consistent with a textbook use.
In a few parts (e.g., Section 4.5.3), this new material is in preliminary form and serves
as an invitation for further research.

This book can be used as a graduate-level textbook and as an information source
for scientists and professionals in the field. We assume the reader to be familiar with the
basic concepts of algorithms and data structures at the level that one might get in an
undergraduate-level computer science curriculum. Prior knowledge of heuristic search
techniques would also be helpful, but is not strictly necessary because the appendices
provide overviews of needed tools.
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Preface Xvii

A complete set of lecture slides for this book and other auxiliary materials are avail-
able online.!
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