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PREFATCE

Few if any of the events that have cccurred or will occur in the last
quarter of this century will have as profound or lasting an effect
upon human life as the creation of intelligent machines. The
introduction of smart, autonomous computers and robots will
cause a fundamental restructuring of society. To understand why
.this will happen requires that you understand two important
premises. The first premise is that virtually all current uses and
applications of computers and automation in industry are direct
extensions of the basic principles of the industrial revolution:
specifically, the use of computers and automation has replaced
workers who perform low-level, repetitive tazks. The second prem-
ise is that the introduction of smart automation will cause a second
industrial revolution. However, in this revolution, the workers
who will be replaced by machines will be from middle manage-
ment, which comprises those jobs that require cognitive decision-
making (but, perhaps, not insight or inventiveness).

To see the effect ol smart automation upon the basic corporate
structure, think of a company as a pyramid, as shown on the next
page: the president is at the top, with the high-level executives at
the next level below, then layers of middle management, and
finally the lower levels of semi- and unskilled workers.
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Upper Management:
Not to be replaced in the near {uture

Middle Management:
To be replaced by smart automation
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Semi- and Unskilled Work Force:
Already being replaced by simple automation

Slmple automation has already replaced many blue-collar workers;
thus, in the next step, smart automation will replace the mid-
section of the pyramid. It is now an understatement to say that this
restruciuring of the workforce will have significant impact upon
society. However, consider the fact that having this discussion
would have seemed far-fetched, say, 10 years ago when hardly any
artificial intelligenice (AI) applications existed. In fact, most com-
puter science majors today have never taken even a single course
in AL ‘

The purpose of this book is to give you as a programmer the
necessary background in the central topics and issues of Al, and
some of the basic techniques that you can use to address them.
While the field of Al is large, the central topics are

® expert systems

e problem solving

o logic and uncertairty

* natural-language processing

e roboties

¢ machine learning

e vision and pattern recognition
¢ real-world interfacing
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Artificial
Intelligence:
A Quick Overview

Until recently, many people have viewed the field of artificial
intelligence, or Al, as the darker side of computer science: they
believed that, like Shelley’s Dr. Frankenstein attempting to create
life, the Al programmers worked to create thought. Artificial
intelligence researchers were, at times, paradoxically regarded as
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both the elite and the “lunatic fringe” of computer science. When
forced to give a view on the feasibility or practicality of machine
intelligence, mainstream wage-earning programmers, usually care-
ful to avoid references to AI, would always say that “much
research still needs to be done,”” and that “‘sometime in the distant
future, there will be important discoveries, but so far the field has
produced precious little.” Views on artificial intelligence have
definitely changed!

JInless than five years, artificial inte'ligence has gone from being
asmall backwater of computer science to being the hottest thing to
happen to computers since perhaps the transistor! This rapid
change is based on four main facters: the suceess of expert sys-
terns; which were the first truly financially successful Al produets;
the well-publicized commitmnent of the lapanese to Al the slow
sut steady integration of Al techiniques into existing applications;
and finally, the fact that AT's time has come.

In this book, you will explore the various topics and techniques
that compose the field of artificial intelligence. The most unpor-
rant and most common of these are the subjects of the remaining
chapters in this book. However, before you move on (c these
applications, this chapter will review the history of Al and then
determine whether or not it is possible for a computer to be
itelligent.

A SHORT HISTORY OF Al

It is difficult to pinpoint an exact starting date for what is com-
monly called Al. Perhaps credit for the birth of Al should be given
to A. M. Turing for his invention of the stored program computer.
The first computers were actually dedicated machines that literally
had to be rewired to solve different problems. Turing’s recognition
that programs could be stored as data in the computer’s memory
and executed later formed the basis for all modern computers. The

AN GR T
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sicring of programs allowed the computer to change its funciion
quickly and easily by simply running a néw program. This capabil-
ity implizs that"a computer might be able to change its own
function —that is, to learn or think!

However, what is commonly thought of as Al began around
1962 whon, at MIT, John McCarthy created LISP —the first
artificial intelligence research language. The term artificial intelli-
gence is generally credited to Marvin Minsky, also of MIT, who in
1961 wrote a paper entitled “"Steps towards Artificial Intelligence”
(The institute of Radio Engineers Proceedings 49 [January 1961]).
The 1960s were a period of intense optimism over the possibility of
making a computer think. After all, the 1960s saw the first chess-
playing computer, the first computerized mathematical proofs, and
the famous —and highly publicized — ELIZA program, which was
written in 1964 by Joseph Weizenbaum of MIT. The ELIZA

~program acted like a Rogerian psychoanalyst. In this style of
analysis, the psychiatrist takes a passive role, generally echoing the
patient’s own remarks, instead of leading the conversation —just
the type of task a computer can easily do. At the time, the program
caused quite a stir. People asked, “Should computers be used in
this way? Can the computerized psychiatrist actually be better
than a human one? Should this type of program be allowed?”’ Even
Weizenbaum, ELIZA's creator, wrote the book Computer Power and
Human Reason (San Francisco: W. H. Freeman & Co., 1976)
essentially to discredit his own program! (Remember that the
1960s were also a period of intense fear of automation. It is
sometimes hard to understand the emotions that existed just over
20 years ago.)

Because of the apparent successes of Al, it seemed that the goal
of producing a program that had humanlike intelligence was just
around the corner. However, this was not to be so.

What was not clearly understood in the 1960s was the difficulty
of generalizing these specific successes into a flexible, intelligent
program. This book will examine some of the reasons for this. As

8950073
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programmers attempted to increase the generality of certain pro-
grams, these attempts required greater computing resources than
those that were currently available. Thus, either memory was
quickly exhausted or execution time became too siow.

By the mid 1970s, computers with large memories wzre comi-
1aon and computing speeds had incressed dramatically. However,
even with these improvements, many of the older approaches to Al
continued to fail because there was inherent inefficiency. For
example, consider something as simple as sorting an array of
numbers. If you use a bubble sort, the sort time wili be propor-
tional to Ngg where [V is the number of eiements. This means that if
sorting a 10-element array takes 1 second, then sorting a 163-
element array will take 100seconds, and so on. You can see that,
some point, there is an array that will take longer to sort thau the
average person lives! No matter how fast the computer becomes, a
sorting algorithm whose time is properticnal to A7 will quickly
becorme too slow. A better approach is to alter the sorting algorithm
so that it is more efficient. For example, the sorting time of the
QuickSort algorithm is proportional to N'* —a significant improve-
ment. Figure 1- 1 shows the difference hetween the curves of the
bubble sort and the QuickSort. Just as new sorting algerithms were
needed to improve sorting times, many Al problems required
improved routines, which enabled programs to execute quickly
enough or to make better use of memory, tv allow those problems
to be solved.

By the end of the 1970s several successes —such as natural-
language processing, knowledge representation, and problem
solving —had been achieved in specific areas of Al These suc-
cesses set the stage for Lue introduction of the first commercial Al
product, the expert system. An expert system is a program 'hat
contains information about a certain field and, when interrc gated,
responds much like a human expert. One of the first expert
systems was MYCIN, which was developed at Stanford University
to help physicians diagnose illnesses.

.~
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Figure 1-1. A comparison of an N" curve and an N ° curve

One of the most important Al events that occurred in the 1970s
was virtually overlooked in the United States until the 1980s. This
event was the creation of Prolog in 1972 by Alain Colmerauer in

“Marseilles, France. Like LISP, Prolog was a language that was
designed to help solve Al-related problems; unlike LISP, it had
several special features, such as a built-in database, and it had a
rather simple syntax. Essentially, by 1980, LISP was the Al lan-
guage of choice in the U.S., while Prolog had the same status in
Europe. However, in 1981, this situation changed with the
announcement by the Japanese that they would be using Prolog as
the basis for their much-touted “fifth-generation” computers.
American programmers were caught off guard!
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What makes Prolog so important in the history of Al is that it
embodied a deeper understanding of the thought process than
- LISP did. For example, Prolog contains a built-in database facility
and backtracking routines, both of which are necessary for many
problem-solving situations. (In fact, as you will see, the backtrack-
ing support needs to be coded explicitly in Cin order to implement
many Al techniques.) Although Prolog has been gaining popular-
ity in the United States since 1981, it is unclear whether or not it
will become the premier Al research language in the U.S.
Presently, the emphasis in the field of Al is shifting from
research to implementation. This shift means that the Al tech-
niques that were developed in the laboratory by using a research
language will need to be implemented by using various general-
purpose languages to solve real-world applications. As this book
will show you, this task is not as formidable as you might think.

CAN COMPUTERS THINK?

Before you can explore the realm of Al through C, you must
understand what it means for a computer to think. The concept of
a thinking computer implies that the computer is executing a
thinking program. For this discussion and in order to remain
compatible with traditional terms, this book will refer to a thinking
program as an intelligent program. However, there is much debate
about whether or not intelligent programs —and, hence, thinking
computers —even exist! This debate is not easy to settle because it
is decided, in part, by the way that the definition of intelligence is
interpreted. There are compelling (and sometimes emotional)
arguments to support each conclusion. A question that comes up
in this debate is how an intelligent program differs from a “non-
intelligent” program. This section explores a few of these arguments —
however, you will have to decide the outcome for yourself.
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Determining what an intelligent program is implies that one
know what intelligence means. One dictionary defines intelligence
s “the capacity to apprehend facts and propositions and their
relations, and to reason about them.” This definition leads to the
question, ‘“What does reason mean?”’ In this context, it means to
think —which is where the trouble lies! Long ago, it was suggested
that people cannot explain how they th'nk, but they can tell what
they think! The fact is that people cannot really understand how
they think. (If they did, it might not be such a btg job to make a
computer do it!)

If you stay with a strict interpretation of the definition of
intelligence, then you could argue that al/ programs are intelligent.
Consider this: The first part of the definition of imtelligence is the
ability to apprehend facts, propositions, and relations. Computers
are amazingly well-suited to performing these types of tasks. For
example, a relational database can store (apprehend) information,
accept queries (propositions), and, as its name implies, represent
relations. Certainly, soine types of information, such as visual
images, are much harder for a computer to apprehend than others,
but the definition of intelligence does not demand that the appre-
hension take a specific form —it only demands that the apprehen-
sion take place. Therefore, what computers normally do —gather,
store, and access information —satisfies the first requirement for
intelligence.

However, can the databac= reason with these facts —which is the
second requirement for intelligence? Perhaps. The answer depends
upon what you will accept as the definition of reason. If the
database’s manipulation of information —the act of searching,
sorting, query processing, filing, and the like —can be called
reasoning, then one must say that the database is an intelligent
program. This implies that most computer programs are intelli-

gent. Remember that most computer programs manipulate infor-

mation in reasonable, logical ways. Therefore, this form of reason-
ing must qualify as intelligence.



