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Foreword

An overview of artificial- intelligence {Al), its core ingredients, and its applica-
tions is presented in this volume. Al is a field with over a quarter century of his-
tory; however, it wasn't until the 1980s that Al received economic and popular
acclaim and went through the transition from a primary research area to poten-
tial commercial applications. The full impact of Al's transition has yet to be felt.
Recently, Al was made the basic thrust of Japan's Fifth Generation computer rer
search effort. Success in this venture could project the Japanese into a domi-
nant position in information sciences in the 1990s. Similar importance has
been placed on Al by the U.S., Great Britain, and France.

The real payoff for Al will be in applications. intelligent computer programs
are now emerging from the laboratory into practical applications. This book
presents overviews of key application areas—expert systems, computer vision,
natural language processing, speech interfaces, and problem solving and planning.
Basic approaches to these systems, the state of the art, existing systems, partici-
pants, and future trends are detailed. The book should be useful to engineering
and research managers, potential users and others seeking a basic understand-
ing of the rapidly evolving area of artificial intelligence and its applications.

-The informafion in the book is from:

An Overview of Artificial intelligence and Robotics. Volume
I-Artificial Intelligence, Part A—The Core Ingredients, by
William B. Gevarter, Office of Aeronautics and Space Tech-

nology, National Aeronautics and Space Administration, June
1983. :

An Overview of Artificial Intelligence and Robotics. Volume
I—Artificial Intelligence, Part B—Applications, by William B.
Gevarter, Office of Aeronautics and Space Technology, Na-
tional Aeronautics and Space Administration, October 1983.
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vi Foreword

An Overview of Artificial Intelligence and Robotics. Volume
I—Artificial Intelligence, Part C—Basic Al Topics, by William
B. Gevarter, Office of Aeronautics and Space Technology,
National Aeronautics and Space Administration, October 1983,

The table of contents is organized in such a way as to serve as a subject index
and provides easy access to the information contained in the book.

Advanced composition and production methods deveioped by
Noyes Publications are employed to bring this durably bound
book to you in a minimum of time. Special techniques are used
to close the gap between ‘“manuscript’’ and ‘‘completed book.”
{n order to keep the price of the book to a reasonable level, it
has been partially reproduced by photo-offset directly from the
original reports and the cost saving passed on to the reader. Due
to this method of publishing, certain portions of the book may
be less legible than desired.

NOTICE

The materials in .this boek were prepared as ac-
counts of work sponsored by the National Aero-
nautics and Space Administration and the Na-
tional Bureau of Standards. Publication does not
signify that the contents necessarily reflect the
views and policies of the contracting agency or
the publisher.

It is not the intent of NASA or the National
Bureau of Standards or the publisher to recom-
mend or endorse any of the manufacturers or or-
ganizations named in this report, but simply to
attempt to provide an overview of the Al field.
However, in a diverse and rapidly changing field
such as Al, important activities, organizations and
products may not have been mentioned. Lack of
such mention does not in any way imply that they
are not also worthwhile. The author would appre-
ciate having any such omissions or oversights
called to his attention so that they can be consid-
ered for future reports.

e
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PART A

ARTIFICIAL INTELLIGENCE—
THE CORE INGREDIENTS

The information in Part A is from An Overview
of Artificial Intelligence and Robotics. Volume [—
Artificial Intelligence, Part A—The Core Ingredi-
ents, by William B. Gevarter, Office of Aeronautics
and Space Technology, National Aeronautics and
Space Administration, June 1983.
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I. ARTIFICIAL INTELLIGENCE-WHAT IT IS

Definition

Artificial Intelligence® (AI) is an emerging technology that has recently attracted considerabie
publicity. Many applications are now under development. One simple view of Al is that it is con-
cerned with devising computer programs to make computers smarter. Thus, research in Al is
focused on developing computational approaches to intelligent behavior. This research has two
goals: 1) making machines more useful and 2) understanding intelligence. This report is primarily
concerned with the first goal.

mcompmumtmwithwhwhuummemedmpnmuﬂysymbohcprmmvolvmg
complexity, uncertainty, and ambiguity. These processes are usually those for which algorithmic
solutions do not exist and search is required. Thus, Al deals with the types of problem solving and
decision making that humans continually face in dealing with the world.

This form of problem solving differs markedly from scientific and engineering calculations that
are primarily numeric in nature and for which solutions are known that produce satisfactory
answers. In contrast, Al programs deal with words and concepts and often do not guarantee a cor-
rect solution—some wrong answers being toierable as in human problem solving.

Table I-1 provides a comparison between Al and conventional computer programs. A key
characteristic of Al programs is **heuristic search.”’ Baraiko (1982, p. 448) quotes Minsky as saying
“If you can’t tell a computer how best to do something, program it to try many approaches.”
However, in compiex problems the number of possible solution paths can be enormous. Thus, Al
problem solving is usually guided by empirical rules—rules of thumb—referred to as
“*heuristics’’—~which- heip constrain the search.

TABLE I-1. Comparison of Al with Conventional Programming.

Aﬂﬁﬁw Conveational Computer Programming

+ Primarily symbolic processes * Often privuarily numeric

© Heuristic search (solution steps implicit) ® Algorithmic-(solution steps explicit)

o Control structure usually separate from ) * Information and ' grated

domain knowledge together

» Usually easy to modify, update and enlarge © Difficult to modify

¢ Some incorrect adswers often tolerable o Correct answers required

o Satisfactory answers usually acceptable © Best possibie solution usually sought
-T;EZ_"*"" to a3 machine intelligence or heunstic programming. The relationship of Al to automation is

ducnudmChlmlomeCofmurepon



4 Artificial Intelligence

Another aspect of Al programs is the extensive use of ‘‘domain knowledge.’’ Intelligence is
heavily dependent on knowledge. This knowledge must be available for use when needed during the
search. It is common in Al programs to separate this knowledge from the mechanism that controls
the search. In this way, changes in knowledge only require changes in the knowledge base. In con-
trast, domain knowledge and control in conventional computer programs are integrated together.
As a result, conventional computer programs are difficult to modify, as the implications of the
changes made in one part of the program must be carefully examined for the impacts and the
changes required in other parts of the program.

The Basic Elements of Al

Nilsson (1982, see also Brown, 1981), a pioneer in Al and currently head of the SRI Al Center,
likes to characterize the components of Al in terms of what he calls the onion model (see Figure 1).
The inner ring depicts the basic elements from which the applications shown in the next ring are
composed. We will first consider the quadrant designated as heuristic search.

Heuristic Search

Much of the early work in Al was focused on deriving programs that would search for solutions
to problems. Note that every time one makes a decision, the situation is changed opening up new
opportunities for further decisions. Therefore there are always branch points. Thus, one of the
usual ways of representing problem solving in Al is in terms of a tree (see, e.g., Figure 1, Chapter
111), starting at the top with an initial condition and branching every time a decision is made. As one
continues down the tree many different decision possibilities open up, so that the number of
branches at the bottom can get 10 be enormous for problems requiring many solution steps.
Therefore, some way is needed to efficiently search the trees.

Initially, there were ‘‘blind’’ methods for searching trees. These were orderly search approaches
that assured that the same solution path would not be tried more than once. However for probiems
more complex than games and puzzles, these approaches were inadequate. Therefore, rules of
thumb (empirical rules), referred to as ‘*heuristics,”” were needed to aid in choosing the most likely
branches, so as to narrow the search. As an example, a simple heuristic to help choose which roads
to follow when driving in the evening on back roads from Washington, DC to San Francisco is:
““head for the setting sun.”” This may not produce the most optimum path, but can serve to help ad-
vance one toward one’s goal. Heuristic rules like this can help guide search—reducing search enor-
mously.

Knowledge Representation

Early on, Al researchers discovered that intelligent behavior is not so much due to the methods of
reasoning, as it is dependent on the knowledge one has to reason with. (As humans go through life
they build up tremendous reservoirs of knowledge.) Thus, when substantial knowledge has to be
brought to bear on a problem, methods are needed to efficiently modet this knowledge so that it is
readily accessible. The resuit of this emphasis on knowledge is that knowledge representation is one
of the most active areas of research in Al today. The needed knowledge is not easy to represent, nor
is the best representation obvious for a given task.



