A PRIMER

DAVID VERNON



Artificial Cognitive Systems
A Primer






Artificial Cognitive Systems
A Primer

David Vernon

The MIT Press
Cambridge, Massachusetts
London, England



© 2014 Massachusetts Institute of Technology

All rights reserved. No part of this book may be reproduced in any form by any electronic or mechani-
cal means (including photocopying, recording, or information storage and retrieval) without permission
in writing from the publisher.

MIT Press books may be purchased at special quantity discounts for business or sales promotional use.
For information, please email special_sales@mitpress.mit.edu.

This book was set in Palatino by the author and was printed and bound in the United States of America.
Library of Congress Cataloging-in-Publication Data

Vernon, David, 1958—
Artificial cognitive systems : a primer / David Vernon.

p. cm
Includes bibliographical references and index.
ISBN 978-0-262-02838-7 (hardcover : alk. paper)
1. Cognition. 2. Brain. 3. Development psychology. 4. Artificial intelligence. I. Title.
BF311.v447 2014
153—dc23

2014013208

10987654321


mailto:special_sales@mitpress.mit.edu

To Keelin, Ciana, and Georgina —
for never giving up on your dreams






“It’s a poor sort of memory that only works backwards.”

Lewis Carroll — Through the Looking Glass






Contents

Preface

Acknowledgements

1

9

The Nature of Cognition
Paradigms of Cognitive Science
Cognitive Architectures
Autonomy

Embodiment

Development and Learning
Memory and Prospection
Knowledge and Representation

Social Cognition

References

Index

xi

XV

19
63
85

113

139

155

177

197

215

255






Preface

This primer introduces you to the emerging field of artificial
cognitive systems. Inspired by artificial intelligence, developmen-
tal psychology, and cognitive neuroscience, the aim is to build
systems that can act on their own to achieve goals: perceiving
their environment, anticipating the need to act, learning from
experience, and adapting to changing circumstances.

It is an exciting and challenging area. The excitement stems
from the possibility of designing intelligent adaptive systems
that can serve society in a host of ways. The challenge is the
breadth of the field and the need to bring together an intimidat-
ing spectrum of disciplines. Add to this the fact that there is no
universal agreement on what exactly it means to be cognitive
in the first place and the stage is set for an interesting journey.
Think of this primer as a guidebook to help you on that journey,
pointing out the main features of the landscape, the principal
routes, and the most important landmarks.

To get started, we develop a working definition of cognitive
systems, one that strikes a balance between being broad enough
to do service to the many views that people have on cognition
and deep enough to help in the formulation of theories and
models. We then survey the different paradigms of cognitive
science to establish the full scope of the subject and sketch the
main geography of the area. We follow that with a discussion
of cognitive architectures — effectively the blueprints for im-
plementing cognitive systems — before tackling the key issues,
one by one, in the remaining chapters: autonomy, embodiment,
learning & development, memory & prospection, knowledge &
representation, and social cognition.



Xii ARTIFICIAL COGNITIVE SYSTEMS

By the time you have finished reading this primer, you will
have a clear understanding of the scope of the domain, the dif-
ferent perspectives, and their underlying differences. You will
have a solid grasp of the issues that need to be addressed when
attempting to design an artificial cognitive system. Perhaps most
important of all, you will know where to go next to deepen your
understanding of the area and its constituent disciplines.

Like all guidebooks, this primer tells a story about the land
it surveys. In fact, it tells two stories in parallel, one in the main
narrative and another through a sequence of sidenotes. The main
text is kept as short and simple as possible, focussing on rela-
tively straightforward descriptions of the key issues. The side-
notes highlight the finer points of the material being discussed in
the main narrative, suggesting material that you can read to gain
a deeper insight into the topic under discussion. New ideas are
introduced in a natural intuitive order, building step-by-step to a
clear overview of this remarkable and exciting field, priming you
to go further and faster in your studies of cognitive systems.

Ideally, you will read the primer three times. On the first
reading, you might read only the main narrative to get a feeling
for the topic. You might then read through the sidenotes without
reference to the main text. This will expose you to a series of
interesting snapshots of key landmark topics and reinforce ideas
you encountered on the first reading. Finally, you should be
ready for a third, more careful reading of the book, referring to
each sidenote as it is referenced in the main narrative.

A primer, by its very nature, is a short book. Consequently,
there are many omissions in this text, some intentional, others
less so. By far, the topic that is most noticable by its absence is
language. While providing an overview of areas such as em-
bodiment and autonomy is a challenge because of their diverse
meanings, the task of doing the same for language is far greater.
So, rather than attempt it and almost inevitably fall short, I have
omitted it. If there is ever a second edition, the inclusion of lan-
guage will be the top priority.

Other omissions are more methodological. This primer fo-
cusses almost exclusively on the “What?” and “Why?” ques-
tions in cognitive systems, to the exclusion of the “How?” In
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other words, it does everything except tell you how you can

go about building a cognitive system. There is an unfortunate,
but inevitable, lack of formal theory and algorithmic practice

in this book. This doesn’t mean that this theory doesn’t exist —
it certainly does, as a quick scan of the literature on, e.g., ma-
chine learning and computer vision will demonstrate — but the
breadth of cognitive systems is so great that to address the com-
putational and mathematical theories as well as the algorithmic
and representational details of cognition would require a book of
far greater scope than this one. Perhaps, some day, a companion
volume might be appropriate.

Skovde, Sweden David Vernon
May 2014
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