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Preface

This book is the third of a series of books based on conferences sponsored by the Metroplex Insti-
tute for Neural Dynamics (M.I.N.D), an interdisciplinary organization of Dallas-Fort Worth area
neural network professionals in both academia and industry. M.I.N.D. sponsors a conference every
year or two on some topic within neural networks. The topics are chosen (a) to be of broad interest
both to those interested in designing machines to perform intelligent functions and those interested
in studying how these functions are actually performed by living organisms, and (b) to generate
discussion of basic and controversial issues in the study of mind. The subjects are chosen for depth
and fascination of the problems covered, rather than for the availability or airtight conclusions;
hence, well-thought-out speculation is encouraged at these conferences. Thus far, the topics have
been as follows:

May 1988 — Motivation, Emotion, and Goal Direction in Neural Networks
June 1989 — Neural Networks for Adaptive Sensory-Motor Control

October 1990 — Neural Networks for Knowledge Representation and Inference
February 1992 — Optimality in Biological and Artificial Networks?

May 1994 — Oscillations in Neural Systems

May 1995 — Neural Networks for Novel High-Order Rule Formation

A book based on the May 1988 conference was published by Lawrence Erlbaum Associates, Inc.
(LEA), in 1992. Abook based on the October 1990 conference was published by LEA in 1994. The
current book is based on the February 1992 conference, and one based on the May 1994 conference
is in its early stages.

The topic of optimality was chosen because it has provoked considerable discussion and con-
troversy in many different academic fields (see, in particular, Schoemaker, 1991). There are sev-
eral aspects to the issue of optimality. First is it true that actual behavior and cognitive function of
living animals, including humans, can be considered optimal in some sense? Is there a measurable
utility function, to use the economists’ term, or at least a utility function deducible on theoretical
grounds, that all actions ultimately serve to maximize? Or is most actual human or animal behavior
better described by what the economist and cognitive scientist Herbert Simon (1979) called satisficing
— in colloquial terms, “muddling through” or “making do” with solutions that may not be the best
possible, but are in some measurable sense good enough? The answer to this question is still
unknown, which is one reason for the question mark in this book’s title.

Second, what is the utility function for biological organisms, if any, and can it be described
mathematically? Even if all behavior does not fit the maximization paradigm, as Schoemaker
(1991) has suggested, optimality might provide a normative criterion for which behaviors are desir-
able or should be encouraged. This kind of normative criterion can also guide the design of artifi-
cial neural networks to perform engineering tasks, whether in robotics, pattern recognition, busi-
ness applications such as scheduling, or a variety of other situations. If not all biological behavior
is in fact optimal, this also suggests that although designers of intelligent machines should under-
stand the biological functions of the brain as well as possible, they should not adhere slavishly to
“biological realism” in the architectures for their machines.
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So the questions posed by the participants in this conference tended to fall into the categories
of (a) how to optimize particular functions, in both biological and artificial networks and (b) whether
particular functions are in fact performed optimally by particular biological or artificial networks.
Rather than organize the chapters by what stance they took on optimality, it seemed more natural to
organize them either by what level of questions they posed or by what intelligent functions they
dealt with. This led to four major sections, including the following authors:

What Is the Role of Optimality?
Daniel Levine
Paul Werbos
Sam Leven
David Stork, Bernie Jackson, and Scott Walker
Wesley Elsberry
Mark DeYong and Thomas Eskridge

Quantitative Foundations of Neural Optimality
Paul Prueitt
Ian Parberry
Richard Golden
Graham Tattersall
Robert Dorsey and John Johnson
Arun Jagota

Optimality in Learning, Cognition, and Perception
David Chance, John Cheung, Sue Lykins, and Asa Lawton
Samy Bengio, Yoshua Bengio, Jocelyn Cloutier, and Jan Gescei
Gail Carpenter
Hervé Abdi, Dominique Valentin, and Alice O'Toole
Jayadeva and Basabi Bhaumik

Optimality in Decision, Communication, and Control
Haluk Ogmen and Ramkrishna Prakash
Gershom-Zvi Rosenstein
Sylvia Candelaria de Ram
Raymond Bradley and Karl Pribram

The chapters in the first section set some general frameworks for discussing optimality, or the
lack of it, in biological artificial systems. The second section deals with some general mathemati-
cal and computational theories that help to clarify what the notion of optimality might entail in
specific classes of networks. The chapters in the third section begin with optimizing rules for
changing connection weights to facilitate associative learning, then move on to optimizing various
processes in visual pattern perception. The chapters in the final section deal with optimality in the
context of many different high-level issues, including exploring one’s environment, understanding
mental illness, linguistic communication, and finally, social organization.
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The diversity of topics covered in this book is designed to stimulate interdisciplinary thinking
and speculation about deep problems in intelligent system organization. This can have the unfortu-
nate side effect of creating confusion for the reader by leading the reader to believe that many of the
chapters are unrelated. At the suggestion of one of the book’s anonymous reviewers, we have
attempted to mitigate this possible confusion by writing prefaces at the start of each chapter, pre-
ceding the abstract. These prefaces are designed not only to frame the problem posed by the chapter’s
authors but also to show salient relationships between the chapter and others in this book.

In addition to the chapter authors, we acknowledge contributions made to this volume by sev-
eral other individuals and organizations. The conference on which this book is based was made
possible by generous financial support from two other organizations in addition to M.ILN.D. One
was For a New Social Science (NSS), a nonprofit research foundation based in Coral Springs,
Florida, that also cosponsored the M.IN.D. 1995 conferences and supported the 1990 conference.
The purpose of NSS, as stated by its founder, Dr. Sam Leven, is “turning the findings and tech-
niques of science to the benefit of social science.” It seeks to develop more predictive method-
ological bases for areas ranging from economics to management theory to social psychology — in
some cases, to replace foundational assumptions dating from the time of David Hume and Adam
Smith, based on a static and unrealistic model of human behavior, with new foundational assump-
tions that draw on modern knowledge of neuroscience, cognitive science, and neural network theory.
The other organization that supported the conference as the International Neural Network Society
(INNS), through its Texas Area Special Interest Group (SIG), and administered by the then Execu-
tive Director of INNS, Morgan Downey. INNS, founded in 1987, has become the flagship interdis-
ciplinary organization for neural network researchers and practitioners, through several World Con-
gresses on Neural Networks that draw around 500 attendees and the society’s official Journal,
Neural Networks (published by Elsevier). INNS is now involved with this book in another respect,
having joined forces with Lawrence Erlbaum Associates, Inc., to promote an INNS Book Series of
which this book is a part.

The speakers and poster presenters at the conference included one author for each chapter in
this book except for Chapters 2 and 17, and several other distinguished neural network researchers:
Stephen Grossberg of Boston University (whose talk is mentioned in the editors’ preface to Gail
Carpenter’s chapter); Harold Szu of the Naval Surface Warfare Center (whose ideas are alluded to
in Robert Dorsey and John Johnson’s chapter); Steven Hampson of the University of California at
Irvine; and Subhash Kak of Louisiana State University. These speakers made strong contributions
to the dialogue. Some could not contribute chapters to the book because of other time commit-
ments, and others were not asked to contribute because the anonymous reviewers expressed the
need to focus the dialogue more sharply, but their influence is felt in the points raised by the chapter
authors.

The other members of the Metroplex Institute for Neural Dynamics lent us considerable organi-
zational support, especially Alice O’Toole and Raju Bapi, who were with us on the M.LN.D. ex-
ecutive committee at the time of the conference. The University of Texas at Dallas provided the
excellent Conference Center with state-of-the-art facilities at which the meeting took place.

We owe a debt of thanks to the staff of Lawrence Erlbaum Associates, Inc., particularly to Judi
Amsel and Ray O’Connell, our editors at different stages; our unknown copyeditor; and Arthur
Lizza and Sondra Guideman, our production editors. Ray, in particular, promoted this book as a
natural sequel to the book on knowledge representation and inference.
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Finally, we thank our wives, Lorraine Levine and Diane Blackwood, for their patience and
support. Their intuitive understanding of and proximity to our editorial efforts made them in effect
cocreators with us.

Daniel S. Levine
Wesley R. Elsberry
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