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PREFACE

Al men by nature desire knowledge.”

Metaphysics, bk. 1, ch. ]

ARISTOTLE
384-322 B.C.

This book explores the theoretical and pracucal vaderpinniags of Arntificial Intelligence
(Al) and provides an introductory-leve! “hands-on,” engineering-oriented perspective
on Al technology. No previous experience in this azea is assumed, although readers are
expected to have minimal familiarity with discrete mathematics and some exposure o
modern programming languages. such as Pascal. Since this is a teaching texi dedicated
to those new to the tield, efforts have been made o provide the reader a “soft start.”

Artificial Intelligerce may be the Rodney Dangerfield of scientific disciplines.
Cnly recently has Al begun to receive serious, widespread attention (respect?). This
is due partially to the fact thal many visible and important Al successes exist. These
inciude expert systems, natural-ianguage and speech-understanding systems, and com-
puter vision systems. Although many issues in AJ are still “open” or unresolved,
most oplimistic observers predict new successes are just beyond ihe horizon. Indeed,
the expectations from Artificial {ntelligence may be at an all-time peak. Perhaps we
should modify the common espression “knowledge is power” to “representation and
autonomous manipulation of knowledge is real power.”

The book presents topics that arc generally considered “core ” Al concepts; it
does not attempt to be an encyclopedia or bibliographic summary of all Al-related
research work ever produced. Emphasis on the conceptual approach explains the
organization of the text (i.e., the partitioning of topics). In addition, the book attempts
to make the important distinctions between theory and practice that are often major
factor’s in the choice and implementation ot Al algorithms.

The area of Artificial Intelligence is becoming more important in both under-
graduate and graduate curricula in Computer Science and Engineering. In fact, it
represents a major elective area in the IEEE Model Curriculum. There is little doubt

xxi
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that Al techaiques will become more commonplace in other engineering and scientific
disciplines. In this text, extensive use of detaiied PROLOG ana LISP examples of Al
implementation allows the design of an Al system w0 be treated with.an engineering
approach and ip a “‘symbolicaily guantitative” manner. In addition, the Al theory
prasenied is merged with practical aspeets of software engineering.

Although the primary objective of the text is to provide a tcéching tool, it is
guite likely that practicing engineers and scientists will also find the clear, concept-
based treatinent useful in updating their backgrounds., Hopefully, this will provide
the fundamental conceptual and algorithnic tools necessary to confront the industrial
application-driven <hallenges of this rapidiy expanding and emerging field.

Here ave two things a reader should consider before entering into a study of Al

1. Alembodies an inexaci form of computation, which appears, at best, to be based on
an ambiguous model (similar to huinan reasoning). This contrasts with numerical
computation, where algorithm behavior typically is explicitly developed a priori
and (numerical) answers are known to many decimal places. Some aspects of Al
are therefore close to “exploratory programming.”

2. Al is a rapidly maturing discipline with a strong interdisciplinary nature.
Algorithms and data structures that were in vogue yesterday are now considered
obsolete. Today's algorithms are under scrutiny, and tomorrow’s algorithms are
on the horizon.

In research, it has been found that a theoretical understanding of Al concepts
(c.g., unification, first-order predicate logic), while desirable, is not sufficient. A
capability to develop, analyze, and implement knowledge databases; design, analyze,
and modify inference engines; develop large-scale systems; and interface Al systems
to the “real.” or outside, world is also necessary. As a consequence, both theoretical
and practical aspects are cxplored in this text using straightforward examples in the
LiSP and PROLOG programming languages. The Clocksin and Mellish syntax is used
for PROLOG. The LISP constructs used are those typically found in a “pure” LISP
dialect.-For the most part, they are 2 subset of those available in Franz or Common
LISP. At this point in history, it is nor clear whether PROLOG or LISP will become the
Al language of choice; each has its strengths, weaknesses, and preferred applications.
Since both languages are currently enjoying popularity, and often the representation
or manipulation desired is more naturally suited for one, both are included in this
book. The use of these languages as an integral part of the presentation helps make
illustration of concepts unambiguous and concise.

It is possibie to use this text while de-emphasizing programming aspects. In
the author’s opinion, however, the hands-on, ar practical, experience gained by
developing and modifying working systems in Al languages is an invaluable aspect
of any Al course. Learning the iargon of Al is one thing; development of an ability to
appreciate and experiment with the underlying concepts is a higher goal. Many of the
ideas in AI are in fact fully understood only when the complexities and limitations of
underlying data structures and inference mechanisms themselves are familiar to the
student through hands-on experience. Table P.1 summarizes options for the use of
this text in courses with differing orientations.
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Clearly, there is more material than can be coverad in ong semesier--the cheie
of specific topics 1s left o individual wistructors. Given students with significant legic,
LISP, and PROLOG background, it is possible to cover many of the later chapiers
on advanced topics (e.g., learning, temporal reasoning, architectures) in a singie
semester. Alternatively, Chapters | through 13 provide the basis for a comprehensive
one-semesier introduction, which then could be follnowed by a second course based
Chapters 14 through 19, supplemented with readings from the cunent Al literature and
possibly a comprehensive project. Many of the prohiems at the end of each chapter,
combined with the implementation cxamples in dic teat, serve as good starting points
for projects or extended self-siudy.

TABLE P.1
Suggested use of text in courses with different orientations/objectives

Orientation/Ghjective Chapters/Sequence

Ch. 1-13 first semester)

Ch. 13-19 (second semester)

Supplement with outside reading/programming/
proiect

2-semaster Al course (with or without projects}

i-semester course with programming emphasis

I-semester course without programming emphasis
I-semester course with project

I-serester course with PROLOG and LISP
programming background required

Ch. 1-5, 7-12; selecied portions of Ch. 13, 14

Ci. 1, 2, 4 (lightly), 5, 8 (ightly), 11-14
(without LISP examples)

Ch. 1-5, 7-12: selected portions of Ch. 13, 14,
with prejects chosen from Ch. 13-19

Ch. 1, 2, 5. 7, 11-15; selected portions of Ch.
16-19

It is difficult to specify the intended audience of this text on the basis of
the descriptors “graduate” or “undergraduate.” It is accurate to term the material
“introductory,” that is, suitable for a first course in Al. This first exposure may occur
anywhere from the junior level undergraduate to first year graduate level.

The book is structured in the following order:

. Introduction to logic, representation, and Al languages.
. Al concepts and examples in PROLOG.

. Al concepts and examples in LISP,

. Advanced Al concepts.

A e N

This structure has suited teaching needs well, since some underlying theory may
be presented while the students are becoming familiar with the particular PROLOG
or i.ISP development systems to be used. Additionally, the first examples are shown
in PROLOG since this language has a built-in unification mechznism; this allows
concentration on problem specificarion or representation, without worrving about the
solution procedure. It is also a natural extension of the logic-based representation
considered early in Chapter 2. Having developed some dexterity in setting up Al
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(symbolic manipulation) problems, students are then ready to tackle LISP and explic-
itly develop their own representations and solution procedures.

There is no single, unique, or generally agreed upon set of algorithms for Al
In this book many of the algorithms shown or developed are shown in skeletal form.
They constitute a general approach, and possible variants, options, or extensions are
indicated.

This book reflects the contribution of numerous individuals. Comments and
questions from many siudents led to subsequent revisions that improved overall
quality. The efforts of students in solving early versions of the problems and debugging
and revising LISP and PROLOG code are also reflected.

An accompanying instructor’s manual is available from the publisher. It con-
tains problem solutions as well as IBM-format diskettes containing all the PROLOG
and LISP examples shown in the text. Both Common and Franz LISP versions are
provided.
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