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This appendix presents a listing of the Prologo interpreter of Chapters 7 and 8
written in ExperLISP for the Macintosh®. The program is popularly referred to in
the computer press as ‘PiL,”” an acronym of sorts meaning Prolog in LISP.

Why This Listing Is Included

| have included this LISP listing in a book on Logo because | thought that it
would be helpful for the reader who wants to see what a real LISP program
looks like. It will also be helpful to you to use this listing after you have looked at
Chapter 11, which is an introduction to this strange-looking but widely used
language.

PiL serves the secondary purpose of presenting information about Prolog in
a different form for the person who is really interested in the nonprocedural lan-
guages of which Prolog is the best current example.

Where PilL Originated

PiL grew out of a paper entitled “The World’s Shortest Prolog Interpreter?”’ writ-
ten by Professor M. Nilsson of Uppsala University. This paper appeared, among
other places, in J. A. Campbell’s compilation of highly technical material on Pro-
log entitled Implementations of Prolog; a full bibliographic citation appearing in
Appendix C. :

Although it was upon this program that the ExperLogo® interpreter in this
book was based, the similarities between the Logo and LISP versions are not as
great as one might hope or expect. For one thing, PiL implements the widely
debated Prolog CUT function that permits some facility in recursion but results
in less ‘‘Prologlike’’ code in the minds of some purists. (A discussion of this func-
tion is beyond the scope of this book; see Appendix C’s recommended refer-
ences for more study.)

Executing PiL
The interpreter in PiL is invoked by coding:

(PROVE (goal1)(goal2). . .(goal N))

Goals are stated the same way as in Prologo except that the question mark is
used in place of the underscore to indicate the variables whose values are being
sought. Thus we might write this line of LISP code:

(PROVE (GRANDFATHER-OF 2X 2Y))

to get a list of all the grandfathers in the knowledge base.

A knowledge base in LISP is set up with the SETQ primitive rather than the
MAKE command of Logo. Other than that, the establishment of a knowledge
base is quite similar between the two implementations.

Nonstandard LISP Syntax
There is only one nonstandard LISP syntax in the PiL program and it was origi-
nally introduced by Nilsson. The use of the LOOP construct is not generally per-
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mitted in LISP and, in fact, most LISP interpreters don’t allow for it at all. But it is
a useful construction, particularly in situations like those in ExperLisp where an
iteration is required. Most LISPs provide for some form of iteration.

If you are working with XLISP (a public-domain LISP available from a num-
ber of sources for the Macintosh® or a non-Macintosh® LISP, you may find it
necessary to modify PiL to accommodate your interpreter’s definition of an
interactive process. You can use a PROG or a DO construction if you’re using a
version of MACLISP.

Essentially, the LOOP construction can be understood as follows: Set the
local variables varl and var2 to exprl and expr2, respectively. Then for all ele-
ments in (list) set (var3) to the head of the element and (var4) to the tail and eval-
uate (expr3). Continue to evaluate (expr3) until the list is exhausted, and then
return “‘nil”” unless RETURN gets called with an argument during the evaluation,
in which case that value should be returned immediately and the iteration
terminated.

(defun prolog (database)

(print ‘‘Welcome to Prolog’’)
(prolog-1 database)

(print ‘‘Back to Lisp’’)

t

)

(defun prolog-1 (database) ;;a top-level loop for Prolog
;;reads a form, proves it, and then iterates
(prove (list (rename-variables (read) ’(0)))

’((bottom-of-environment))database 1)
(print ‘‘no (more) answers’’)
(if (y-or-n-p ‘’Another assertion? (y or n)"’)
(prolog-1 database)))

(defun prove (list-of-goals environment database level)
;;proves the conjunction of the list-of-goals
;;in the current environment
(cond

((null list-of-goals)
;;succeeded since there are no goals
(print-bindings environment environment)
;;ask user if another possibility is wanted
(not (y-or-n-p ‘“More? (y or n)’")))
(t (try-each database database
(rest list-of-goals)
(first list-of-goals)
environment level))))

(defun try-each (database-left database goals-left goal environment level)
(cond
((null database-left)
0) ;;fail if nothing left in database
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(t (let ((assertion
(rename-variables (first database-left)
(list level))))
(let ((new-environment (unify goal (first assertion) environment)))
(cond
((null new-environment) ;;failed to unify
(try-each (rest database-left) database
goals-left goal environment level))
((prove (append (rest assertion) goals-left)
new-environment database (add1 level)))
(t (try-each (rest database-left) database
goals-left goal environment level))))))))

(defun unify (x y environment)
(et ((x (value x environment))
(y (value y environment)))
(cond
((variable-p x) (cons (list x y) environment))
((variable-p y) (cons (list y x) environment))
((or (atom x) (atom y)) (and (equal x y) environment))
(t (let ((new-environment (unify (first x) (first y) environment)))
(and new-environment (unify (rest x) (rest y) new-environment)))))))
(defun value (x environment)
(cond
((variable-p x)
(let ((binding (assoc x environment)))
(cond
((null binding) x)
(t (value (second binding) environment)))))
(tx))

(defun variable-p (x)  ;;a variable is a list beginning with 2"
(and (listp x) (eq (first x) ’?)))

(defun rename-variables (term level)
(cond
((variable-p term)
(append term level))
((atom term) term)
(t (cons (rename-variables (first term) level)
(rename-variables (rest term) level)))))

(defun print-bindings (environment-left environment)
(cond
((rest environment-left)
(let ((variable (first (first environment-left))))
(cond
((zerop (third variable)) ;;variable level
(princ (second variable)) ;;variable name
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(princ “w o — Il)
(print (value variable environment)))))
(print-bindings (rest environment-left) environment))))

(defun y-or-n-p (message)
(print message)
(let ((response (read)))
(cond ((eq response y) t)
((eq response "n) nil)
(t (y-or-n-p message)))))

(setq rest cdr)

(defun expand-assertion (assertion environment)
(cond
((atom assertion) assertion)
((variable-p assertion)
(let ((val (value assertion environment)))
(if (eq val assertion)

val
(expand-assertion val environment))))

(t (cons. (expand-assertion (car assertion) environment)
(expand-assertion (cdr assertion environment)))))
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Two important versions of Logo available for the Macintosh®: ExperLogo® by
ExperTelligence (the one we chose to use for our programs) and Microsoft’s
LCSI Logo®. This appendix discusses significant differences between these two
published versions of Logo and points out what to watch for in future implemen-
tations. For people who don’t have ExperLogo®, this appendix should facilitate
translating the programs in this book to another form of Logo.

Throughout the text, where differences exist between ExperLogo® and LCSI
Logo®, we have noted them with comments contained in parentheses; those dif-
ferences are not duplicated here.

Speed of Execution

One of the biggest differences between ExperLogo® and any other Logo we've
seen for any system is its speed of execution. Because ExperLogo® is compiled
rather than interpreted, it can run programs and procedures much faster than
one would expect from this traditionally slower language.

We can’t do anything about that. But if you find yourself with a traditional
interpreted Logo, and some of the programs—particularly such longer ones as
Blocks World and Prologo—run unacceptably slowly, you’ll understand the
reason.

Array-Handling

The ability to manipulate arrays is available on both of the currently published
versions of Logo. However, such a capability has not been part of Logo tradi-
tionally, and it is conceivable that Logos developed for the Mac in the future
may not include them.

This would not be a serious drawback, however, since the primary advan-
tage of arrays over the more flexible and popular list structure is one of proc-
essing speed. Because an array has known dimensions, and is accessed by
numerical position rather than by list-manipulating instructions, extracting data
from an array is quicker than drawing information from a list. Other than that,
substituting a list for an array has no effect on the program.

There is another array distinction between ExperLogo® and Microsoft
Logo®. To create an array in ExperLogo®, the MAKE__ARRAY function is com-
bined with the well-known MAKE function, as shown here:

MAKE POSITION MAKE_ARRAY [4 5]

(This line is from Micro Blocks World in Chapter 5.)
In Microsoft Logo®, the equivalent of MAKE_ARRAY is ARRAY, so the
above example would be coded as follows:

MAKE POSITION ARRAY [4 5]

Extracting Multiple Elements from a List

ExperLogo® implements a very powerful ELEMS command that extracts several
consecutive items from a list. It takes three arguments. The first provides the
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starting element, the second defines the number of elements to extract, and the
third is the name of the string from which the elements are to be extracted. The
following examples (with computer output indented for ease of reading) clarify
this command.

MAKE TESTLIST[ABCDEFGH 1) K]
[ABCDEFGHI]JK]

ELEMS 2 5 :TESTLIST
[BCDEF]

ELEMS 6 1 :TESTLIST
[F]

ELEMS 19 :TESTLIST
[ABCDEFGHI]

There is no direct equivalent of the ELEMS function in LCSI Logo (or in
most other Logos, for that matter). The same result can be achieved, however,
by defining a procedure called ELEMS that takes the same information as ar-
guments. There are a number of ways of implementing such a procedure. Here
is one:

TO ELEMS :START :LENGTH :OBJECT
IF :START = 1[ELEMS__2 :LENGTH :OBJECT]
[ELEMS :START — 1 :LENGTH BF :OBJECT]
END

TO ELEMS__2 :LENGTH :OBJECT

IF :LENGTH = 1{ITEM 1 :OBJECT]

[SE ITEM 1 :OBJECT ELEMS__2 :LENGTH -1 BF :OBJECT]
END

(This solution is adapted from the ExperLogo® user manual, page 164.)

Local Variable Declaration

LCSI Logo permits a list of names to be given to the LOCAL command, which
can compress the code where such variables are defined. For example, in
Prologo’s TRY_EACH procedure, there are two LOCAL variables: ASSERTION
and NEW__ENVIRONMENT. In ExperLogo®, declaring these requires two state-
ments; in LCSI Logo®, one statement suffices.

TEST, IFTRUE and IFFALSE

Microsoft’s Logo® has no equivalent of the ExperLogo® TEST function. (For an
example of its use, see the final procedure, FIND_PROBABLE, in the program
in Chapter 6.) The alternative implementation is more cumbersome, but only
slightly so. Substitute an IF construct as shown here.

In ExperLogo®, the operation is performed as follows:

TEST (ITEM 1 :LIST) = (ITEM 2 :LIST)
IFTRUE [MAKE NEWCOUNT :NEWCOUNT + 1]
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IFFALSE [IF AND :NEWCOUNT = :OLDCOUNT)
(MEMBERP :CHARACTER :POSSIBLE__DIRECTIONS)
[MAKE MOST__PROBABLE :CHARACTER
MAKE OLDCOUNT :NEWCOUNT
MAKE NEWCOUNT 1][MAKE NEWCOUNT 1]]

In Microsoft Logo®, the same construct would be handled as a straightfor-
ward IF sequence:

IF ITEM 1 :LIST = ITEM 2 :LIST
[MAKE NEWCOUNT :NEWCOUNT + 1]
[IF AND (OR :NEWCOUNT > :OLDCOUNT :NEWCOUNT = :OLDCOUNT)
[MEMBERP :CHARACTER :POSSIBLE__DIRECTIONS]
[MAKE MOST__PROBABLE :CHARACTER
MAKE OLDCOUNT :NEWCOUNT
MAKE NEWCOUNT 1][MAKE NEWCOUNT 1]]

(Note that the third line in this example is necessary because Microsoft
Logo® lacks a ‘‘greater than or equal to’’ function. So we must do both tests
joined with an OR.)

APPLYing Procedures

The ExperLogo® APPLY function is a handy addition to Logo but is not usually
implemented in that language. It is similar to a LISP construct, applying a proce-
dure or function to a list of arguments. It is a powerful shorthand for carrying out
certain Al programming needs.

In more standard Logos, the same result can be achieved by defining your
own APPLY procedure:

TO APPLY :FUNCTION :ARGUMENTS
IF EMPTYP :ARGUMENTS [STOP]
RUN LIST :FUNCTION FIRST :ARGUMENTS
MAKE ARGUMENTS BF :ARGUMENTS
APPLY :FUNCTION :ARGUMENTS

END

Variable Binding

ExperLogo® uses some LISPlike structures that don’t have equivalents in LCSI
~ Logo. In the Prologo TRY__EACH procedure, one of these structures, BOUNDP,
appears. In fact, this expression is undocumented in ExperLogo® and is a carry-
over from the language’s alter ego, ExperLisp. It is used in that procedure simply
to determine whether tracing of the Prologo execution should be carried out or
not. If you are not using ExperLogo® we recommend eliminating the IF con-
struct that uses that relationship. If you wish to be able to trace the execution,
you can do so with a menu option or user request.

Another LISP construct, ATOM, appears in this book infrequently. In LISP,
an atom is a value that is not part of a list. (This is something of an oversimplifi-
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cation; see Chapter 12 for more information.) We can achieve essentially the
same result in more standard Logo by using the function WORDP.

The APPEND function also appears only in Prologo. It is roughly equivalent
to the more standard Logo command SE. As it turns out, there are a very small
number of situations where SE will not work quite as well as Prologo needs, so
we chose to use the APPEND function. But you are not likely to encounter
many, if any, such situations, so feel free to substitute SE where the Prologo list-
ing includes the APPEND function.

Finally, LISP offers two types of equality checking. For the most part, we
use the standard EQUALP processing in this book. But in some instances, we
have chosen the slightly different LISP construct of EQ. For all practical purposes
in this book, it is identical to the Logo EQUALP. Its advantage is that it is far
faster in its execution, so we have chosen to use it in places where extensive
looping is going on and speed could be a significant factor.

Logical Comparators

ExperLogo® takes full advantage of the Macintosh® keyboard’s inclusion of =,
=<, and # functions, using these symbols, respectively, for greater-than-or-
equal-to, less-than-or-equal-to, and not-equal-to. Microsoft’'s Logo does not
implement these functions directly, requiring instead that we use OR and AND
constructs.

Thus the greater-than-or-equal-to function is implemented in Microsoft
Logo® by using an OR to connect tests for greater-than and equality. Not-equal-
to is simulated by using an AND between less-than and greater-than symbols.

QuickDraw Graphic Commands
The names by which QuickDraw graphic commands are called varies between
the two published Logos for the Mac. Table B-1 provides the Microsoft Logo®
equivalents of those QuickDraw and mouse commands that appear in programs

in this book.

Table B-1. Microsoft Logo® Graphic and Mouse Commands

ExperLogo® Command Microsoft Logo® Equivalent
PENPAT SetPPattern

SHOWPEN PenDown

PAINTRECT FillSh

MOVETO SetX,SetY

GETMOUSE MousePos

One QuickDraw command in ExperLogo® is implemented indirectly in
Microsoft Logo®. The DRAWSTRING function in ExperLogo® writes text into the
Graphics Window. In Microsoft Logo®, it is necessary to make the Graphics
Window the currently active window and then to use PRINT to display the
information:
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SETWRITE ‘“GRAPHICS
PRINT [Here is a string.]

The set of graphic commands used in ExperLogo® to manipulate poly-
gons—used in this book only in the Blocks World program of Chapter 5—are not
available in Microsoft Logo® and there is no equivalent way of dealing with their
function. Since these operations are used only in conjunction with the pyramids,
you can skirt the problem by treating the pyramids as individual shapes rather
than as polygon regions. This will make the program run even more slowly, but
it will permit it to run.

Closing Remarks

There may be other differences among Logos implemented on the Mac. We
can’t anticipate how Logo will be developed by others marketing the language
for the Macintosh® system. In most cases, though, noting these differences
between ExperLogo® and more standard Logo, carefully reviewing the manual
for your version, and doing some experimenting, should help you deal with any
mcompatlbllmes you encounter.
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Books on Artificial Intelligence

For the General Reader

Boden, Margaret. Artificial Intelligence and Natural Man. New York: Basic Books, 1977.
473 pages, with extensive bibliography and comprehensive index. One of the
more readable books on the subject which, though somewhat dated, remains an
intelligent reader’s excellent choice as a place to start learning about Al. Surveys
much of what was valuable at the time the book was written. Avoids programming
examples but contains many examples of how programs run.

Hofstadter, Douglas. Godel, Escher, Bach: An Eternal Golden Braid. New York: Basic
Books, 1979. 800 pages. A well-deserved Pulitzer Prize was awarded to Dr.
Hofstadter for this work. It is difficult reading in some places and isn’t the kind of
book you sit down to relax with for an evening. But for a highly readable,
intelligent, perceptive, and thorough introduction to the panorama and issues of
the rapidly growing field of cognitive science, of which Al is a part, this book is
difficult to beat. Borders on ‘‘must’’ reading for everyone; crosses that border for
serious students of the subject.

Hofstadter, Douglas and Daniel C. Dennett, eds. The Mind’s I: Fantasies and Reflections
on Self & Soul. New York: Basic Books, 1981. 464 pages, with annotated
bibliography and extensive index. Something of a sequel to Godel, Escher, Bach.
The coeditors bill themselves as ‘‘composers and arrangers’’ and the metaphor is
apt. A collection of essays and fiction on cognitive science, interconnected by
witty and incisive comments by Hofstadter and Dennett. More readable than its
predecessor, this book makes no less significant a contribution to the field.

Hunt, Morton. The Universe Within: A New Science Explores the Human Mind. New
York: Simon and Schuster, 1982. 364 pages, plus solutions to problems, end
notes, bibliography (cited references only), and index. This is a highly readable
and immensely enjoyable overview of the emerging field of cognitive science. The
author understands what most of his readers will and will not know before they
read this book. As a result, he amplifies where amplification is needed and doesn’t
talk down to the reader who has already done some reading or thinking in the
field. Of particular interest here is his entertaining Chapter 9, “‘Mind and
Supermind,’’ in which he explores what the human mind and the computer mind
have in common and, more important to Hunt, what they don’t have in common.
Highly recommended reading for the curious.

Schank, Roger C. The Cognitive Computer: On Language, Learning and Artificial
Intelligence. Reading, MA: Addison-Wesley, 1984. 264 pages, plus index. Easily
one of the most accessible books on the subject, this widely read work is written
in lay language. It represents an attempt on the part of one of the premier
researchers in the field to popularize the subject and his views on it, which are
considerable and somewhat controversial. There is much of value here for the
intelligent general reader and no knowledge of programming is needed to
understand it. On the other hand, there is a certain lack of depth and an
overabundance of opinion. Dr. Schank has a perception of the field of Al as it
relates to cognition and he doesn’t hesitate to use this book as a vehicle for
spreading that view. Nonetheless, a very useful work and one well worth reading,
but not as a primary source of information.
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Simon, Geoff. Are Computers Alive? Boston: Birkhauser, 1983. 195 pages, with

bibliography and index. An unusual book that addresses the issue of whether
computers—or more appropriately, their future offspring, robots and androids—
should be properly viewed as a new life form entitled to rights, protection, and so
on. No basic data here, but an entertaining diversion nonetheless, and one that
may provoke more thinking about what computers are not than any other book
on our list.

Weizenbaum, Joseph. Computer Power and Human Reason: From Judgment to

Calculation. San Francisco: Freeman, 1976. 300 pages. Dr. Weizenbaum is one of
the best-known critics of Al and its proponents. This book is his classic work on
the subject of the limits of computing. He argues against the possibility that
computers can do certain things and adds his view that they should not be
allowed to intrude into other areas. If you're interested in the critics’ side of the
underlying issues in Al, this is the most important book of its kind.

More Technical Materials
Barr, Avron and Edward A. Feigenbaum, eds. The Handbook of Atrtificial Intelligence.

Los Altos, CA: William Kaufmann, Inc., 1981. 3 vols. Total of 1302 pages of text,
plus extensive indexes and a comprehensive bibliography. The current bible of Al
research, this set of works collects much of the important writing on the subject
from the early 1970s to its publication date. As with any collection, readability
varies dramatically. Not for the technically unsophisticated, but on the whole well
assembled and certainly a seminal work. Particularly strong in the areas of
theoretical work and experimentation, less so in terms of real-world uses and
applications.

Krutch, John. Experiments in Artificial Intelligence for Small Computers. Indianapolis:

Howard W. Sams, 1981. 106 pages, plus index. This book collects several
programs, written in BASIC, that demonstrate Al concepts and that can be run on
microcomputers. If you have an interest in languages and how they can be
applied to Al ideas, this book makes the tacit argument that BASIC can be used
for Al.

Nilsson, Nils J. Principles of Artificial Intelligence. Palo Alto, CA: Tioga Publishing, 1980.

476 pages. A classic work aimed at the technical reader interested in the
theoretical and linguistic framework of Al. Quite readable, but somewhat out of
date. Does a good job of explaining some of the more difficult ideas behind Al
programs, especially the concept of unification.

Winston, Patrick Henry. Artificial Intelligence, 2nd Edition. Reading, MA: Addison-

Wesley, 1984. 527 pages. The most current and useful book on the field for the
technical reader. Winston is one of the most widely read authors of texts and
technical materials in the field of Al. The best comprehensive overview of the
technical, programming, and conceptual issues involved in bringing intelligence to
machines. Not for the faint-at-heart.

Books on Logo

(Author’s Note: There is a dearth of Logo programming texts and books that go beyond
a simplistic use of Turtle graphics. One book, Dr. Thornburg’s, is known to be in the
works and rumors persist that others will be forthcoming. | hope so.)
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Martin, Donald, Marijane Paulsen, and Stephen Prata. Apple Logo Programming Primer.
Indianapolis: Howard W. Sams & Co., 1984. 448 pages, plus index. This is the best
introduction to the language available. It focuses on structured programming
approaches, which | have adopted with some minor modifications in the
programs in this book. Going beyond graphics, it does a fine job of explaining
property lists and data management concepts. Many examples. If you don’t have
access to an Apple Il series, the Logo is still standard enough to be used with
minor modifications on other popular micros. A good book if you really want to
learn Logo. A companion book for the IBM PC is also available from the same
publisher.

Thornburg, David. Beyond Turtle Graphics. Dr. Thornburg, one of the most prolific
authors in the field of Logo and easily one of its most visible and vocal defenders,
indicates that this book will transcend the usual introductory work on Logo and
explore advanced concepts. Portions of the book were used by Thornburg in a
class he taught at Stanford University in the spring of 1985 on Al programming
ideas in Logo on the Macintosh®. Watch for this one; it could be one of the best
Logo buys when it emerges, given Thornburg’s sterling reputation in the field. In
press, 1985.

Waite, Mitchell, Don Martin, and Jennifer Martin. 88 Apple Logo Programs.
Indianapolis: Howard W. Sams, 1984. 422 pages, no index. This collection of
programs is noteworthy for the number of interesting and instructive programs it
crams into a limited space. A companion book for the IBM PC is also available.

Watt, Daniel. Learning With Logo. New York: McGraw-Hill, 1983. 358 pages, plus
index. A generic Logo teaching book, particularly useful for a young person
interested in learning Logo on his or her own or for a parent interested in teaching
a child Logo. It offers lots of hints along the way for how to teach ideas in Logo.
Focuses on Terrapin, Apple, and Tl Logo, but among them there is enough
commonality that adapting the book to the Mac and other computers ought not
be too difficult. Profusely illustrated.

Books on LISP

Cherniak, Eugene, Christopher K. Riesback, and Drew V. McDermott. Artificial
Intelligence Programming. Hillsdale, NJ: Lawrence Erlbaum Associates, 1980. 310
pages, plus bibliography and indexes. An advanced LISP programming text that is
definitely not for the uninitiated. After reading a more basic LISP text, however,
this book can be quite useful to the reader who wonders what to do with this
language. It offers abundant examples and suggests many ways for the student
reader to explore the language.

Schank, Roger C. and Christopher K. Riesback. Inside Computer Understanding: Five
Programs Plus Miniatures. Hillsdale, NJ: Lawrence Erlbaum Associates, 1981. 372
pages, plus bibliography and indexes. For the advanced LISPer, this book provides
two useful things: insights into how some of the better-known Al programs in the
research literature work and scaled-down versions for implementation on
microcomputers. All of the programs are generally in the field of natural language
processing. Not for the beginner, this is more of an intermediate book.
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Touretzky, David S. LISP: A Gentle Introduction to Symbolic Computation. New York:
Harper & Row, 1984. 298 pages, plus answers to exercises and index. Easily the
least intimidating introductory text on the language. Using a plethora of hands-on
examples, this book leads the reader step-by-step down the path to learning LISP.
Itis as “‘gentle’’ as its title promises. If it has one failing, it is that it stops far short
of providing the reader with anything resembling a comprehensive understanding
of the language. Even the ““Advanced Topics’ in each chapter fall short of this.
But that shouldn’t stop you. It is one of the two best books to use to learn LISP.
The other is the next one in our bibliography.

Winston, Patrick Henry and Berthold K. P. Horn. LISP. Reading, MA: Addison-Wesley,
1981. 314 pages, plus bibliography, index, and four helpful appendices. A classic
one-year textbook in LISP programming for the serious student. Dry in its writing
approach (contrasted with Touretzky’s work), this book takes a no-nonsense
approach to teaching the language. Its problems are challenging and solutions are
provided. If you're interested in learning LISP for practical programming use rather
than for casual experimentation, this book is preferable to Touretzky's. A good
idea would be to get both, go through Touretzky’s and then tackle Winston's.

Books on Prolog

(Books on Prolog are not yet widely available in the United States. These two offer a
beginning and an advanced approach. Others are being published frequently. Check
your bookstore for latest releases.)

Campbell, J.A., ed. Implementations of Prolog. Chichester, UK: Ellis Harwood Ltd.,
1984. 388 pages, plus minimal index. This book is highly technical, consisting of a
collection of papers and articles by various Prolog researchers on the inner
workings of the language. Readers seriously interested in Prolog should find in this
book a great many in-depth pointers to future research on specific Prolog issues.

Clark, K. L. and F. G. McCabe. micro-PROLOG: Programming in Logic. Englewood
Cliffs, NJ: Prentice-Hall, 1984. 364 pages, with answers to exercises and index.
This is the best introductory book on this language. While it becomes hard to
follow at times and condenses some of its explanations, it is nonetheless possible
to become a competent Prolog programmer with this book and some practice.

Books on Expert Systems

For the General Reader

Hayes, J.E., and D. Michie, eds. Intelligent Systems: The Unprecedented Opportunity.
Chichester, UK: Ellis Harwood, Ltd., 1984. 199 pages, plus index. Though there is
some technically challenging material here, the book also contains some very
thought-provoking and insightful writing on the role of expert systems and their
future. Of particular interest is Dr. Edward Feigenbaum’s excellent piece,
“’Knowledge Engineering: The Applied Side.”

Hayes-Roth, Frederick, Donald A. Waterman, and D. Lenat. Building Expert Systems.
Reading, MA: Addison-Wesley, 1983. Although technical, this book is still
readable. It provides a comprehensive overview of the field: technical
considerations, impact of the technology, and problem areas. May tell you more
than you need or want to know on the subject.
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Technical Materials

Brownston, Lee, Robert Farrell, Elaine Kant, and Nancy Martin. Programming Expert
Systems in OPS5. Reading, MA: Addison-Wesley, 1985. 411 pages, plus
bibliography, answers to exercises, index, and excellent glossary. This is the first
comprehensive book to be published on the popular OPS5 programming
language, a language designed specifically for expert systems development work.
It contains a great many hands-on examples, and it is an excellent introduction to
the idea of production rule systems as well. If you have access to ExperLisp and
ExperOPS5, this book could make you at least comfortable with expert systems
programming.

Naylor, Chris. Build Your Own Expert System. Cheshire, UK: Sigma Technical Press,
1983. 246 pages, including annotated bibliography and minimal index. This book
uses Apple and Spectrum BASIC listings and examples to explain the ideas
involved in expert system design. The book is entertaining, brightly written, and
enjoyable. Beyond that, the programs work and although they are clearly not
intended to be full-blown expert systems, they provide some clear insights into
how such systems are put together.

Books on Natural Language Processing

Dyer, Michael G. In-Depth Understanding: A Computer Model of Integrated Processing
for Narrative Comprehension. For the reader willing to work a little, Dyer has
managed to make accessible a very complex concept and approach to natural
language processing. Though the technical vocabulary can be troublesome, if you
persist, you can emerge from this book with a deeper appreciation for the
incredible array of problems involved in this field of Al.

Winograd, Terry. Understanding Natural Language. New York: Academic Press, 1972.
608 pages. This is the landmark work in this field. If you are seriously interested in
research in this area, this is the starting point. While much of what Dr. Winograd
wrote in this book has since been clarified or corrected, much of what has gone
since was built upon his basic ideas.
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A

ABS function, 203, 229
ADD command, 238
ADD.A.FACT procedure, 45, 46
ADD.A.LINE procedure, 67, 68
Addition:

in LISP, 217, 228-30

in Logo, 202

in Prolog, 244
ADD1 function, 228
ADD.VOCABULARY routine, 59, 61, 64-65,

68, 69, 71

Adjectives, 64
Adverbs, 64
Advice-giving learning, 12
Al See Artificial intelligence
ALL__MOVES variable, 29, 30, 31
Analogy, learning by, 12
Analogy problems, 113-14
AND:

in LISP, 225
in Logo, 200
in Prolog, 150
AND/OR logic, 30, 31
Answer pattern, 241
APPEND function, 220, 275
APPLY procedure, 274
ARCTAN command, 203
Array(s), 19, 20, 183
in BASIC, 257, 260-62
in Logo, 208-9, 272
in Mac Logos, 272
in Micro Blocks World program, 101-2
property lists as, 260-62
ARRAY function, 272
ARRIVE procedure, 31
Articles, 63, 74
Artificial intelligence (Al), research in, 5-12
Assertion, 137, 139, 140, 143
conjunctive, 150

Atoms, 215, 274
Axiom, 165

BACK (BK) command, 194
BACKGROUND control, 195, 196
Backward-chaining, 40, 47-49, 50
multiple-ply, 50
Barr, Avron, 20
BASIC language, 185, 256-62
list manipulation in, 257-60
Logo vs., 256-57
loops in, 183
property lists in, 260-62
unstructured programs in, 256
BEEN__HERE variable, 29, 31
Best-first search, 8, 28
Binary language, 182-83
Binary relationship, 236-37
Binding, 146, 217, 274-75
Blank verse, 63
BLOCK procedure group, 121-22
BLOCKS_WORLD command, 94
Boden, Margaret, 6
Bottom-up parsing, 85-86
BOUNDP structure, 274
Box diagrams:
Intelligent Maze, 120
Micro Blocks World, 100
Micro-Logician, 44
Missionaries & Cannibals, 29
Poetry Maker, 60, 65, 69
Prologo, 145
BOX procedure, 190-91
Brackets:
with axioms in knowledge bases, 165
with rules in knowledge bases, 170, 171,
172
Branching, 256
Breadth-first search approach, 6-7, 28
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BREAK.LIST procedure, 67-68

Brute force search technique, 6, 28
BUILD.A.LIST procedure, 66-67
Bunny Graphics, 193

BUTFIRST function, 46, 192, 204, 258
BUTLAST command, 204

C

Campbell, J. A., 266
CAR function, 218-19
Caret, 202
CDR function, 218-19
Chaining:

backward, 40, 47-49, 50

forward, 40, 47, 50
CHECK.SUBJECT procedure, 49
Cherniak, Eugene, 26, 116, 216
Clark, K. L., 234, 252
CLEAN.UP procedure, 45
CLEARSCREEN (CS) command, 193
CLEARTEXT (CT) statement, 64
Closed-world assumption, 134
Cognitive Computer, The, 58
Coin problem, 17-19, 20-21
Colon, 241
Combinatorial explosion, 6
Common Lisp, 214
COMPOSER procedure, 70, 71, 75
Computational linguistics, 84
Concatenation, 220
COND constructions, 223
Conditional processing:

in LISP, 222-25

in Logo, 199-201
Conditional tests, 201
Conjunctive assertions, 150
Conjunctive queries, 242
CON:S function, 219
COS command, 203
COUNT command, 71, 206, 258
COUNT.WORDS procedure, 71, 72
Cursor control, 197

D

Data relationships, describing in Prolog,
236-39
Data structures:
in LISP, 185, 215-16
programs as, 185
as required features of language, 184
types of, 19-20, 257
Declarative sentence, 71
DEFUN instruction, 221
DELETE command, 207, 238-39
DELETE.ARTICLES procedure, 59, 65, 68
DEPART procedure, 31
Depth-first search approach, 6-7, 28

DIFFERENCE function, 202, 228
DIM statement, 257
Direction commands, 194
Division:

in LISP, 228

in Logo, 202-3

in Prolog, 236, 245
DO.LINE procedure, 71, 72
Domain of expertise:

in geography knowledge base, 173

in knowledge bases, 162-63

in literary knowledge base, 167
DRAWSTRING function, 275
DRAW__SUBJECT procedure, 101
Dynamic data structure, 257

E

EATEN test procedure, 30, 31
ELEMS command, 72, 205, 272-73
EMPTYP test, 68, 207, 209
END, 193
Engine, 10
Entries, limits of, 41-43
Environment, 146
EQ function:
in LISP, 224, 275
in Prolog, 243, 245
EQUAL predicate form, 224, 275
EQUALP test, 209
ER command, 211
ERALL command, 211
ERASE command, 197
Ernst, G., 116
Error message, in Logo, 192
EVENP function, 230
EXAMINE__MOVE procedure, 30
ExperLisp, 214
list manipulation in, 220
math calculations in, 217, 228-30
OPEN commands in, 226-27
See also LISP language
ExperLogo®:
APPLY procedures in, 274
arrays in, 208, 272
file usage in, 199
graphics commands in, 193-94, 195,
197, 275-76
IF statement in, 199, 274
input/output commands in, 198, 199
LCSI Logo® and, 272-76
lists in, 205, 207, 272-73
local variable declaration in, 273
logical comparators in, 275
math functions in, 202
test functions in, 273-74
variable binding in, 274-75
See also Logo language
ExperLogo® for the Macintosh®, 199



Expert systems, research in, 9-10
See also Knowledge base
ExperTelligence, 132, 150, 199, 272
Expertise, 158-62
consensus, 160-61
domain of, 162-63, 167, 173
transferring, 161-62
Exponentiation, 202
Extensibility, 184-85, 221, 230

F

Factual statements, 40, 42-43
Feigenbaum, Edward, 158

Fifth Generation Project, 133
File, 20

FILL command, 197
FIND__PROBABLE procedure, 121
FIRST function, 46, 204, 258
FLIP move procedure, 21
“Followed by"’ symbol, 249
FOR-NEXT loops, 183
FORWARD (FD) command, 194
Forward-chaining, 40, 47, 50
FPUT command, 205, 206
FRAME command, 197

G

Game program (Intelligent Maze), 117-27
General Problem-Solving (GPS) program, 116
Geography knowledge base, 173-78
GET.ARTICLE procedure, 72
GET_COMMAND procedure, 99
GET_CURPOSITION procedure, 101
GET_DIRECTION procedure group, 119,

121
GET_NEW__POSITION procedure, 101
GET_NEW__POSSIBLE__DIRECTIONS

procedure, 121
GET.NEXT.ARTICLE procedure, 73
GET.NEXT.WORD procedure, 72, 74
GET.WORD.INFO procedure, 68
GET.WORDS procedure, 65-66, 69
GO command, 199, 201-2
Goal state, 16, 17
GOSUB command, 256
GOTO command, 256
GPROP command, 210
Grammar, 86, 88-90, 93
Graphics commands:

in Logo, 193-97, 275-76
in Micro Blocks World program, 99, 101

Guillemets, 64, 198

H

Haiku poetry, 63, 71, 74
HEADING__DIRECTION procedure, 121
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Heuristic search, 7-8

Heuristics, 7

HIDEBUNNY command, 193-94
HIDECURSOR command, 197
HIDETURTLE command, 193-94
High-level language (HLL), 183
HOME command, 193, 194

IF statement, 222-23
IF testing, 199-201, 273-74
IFFALSE construct, 274
IFTRUE construct, 273
Implementations of Prolog, 132, 266
Induction, 12
Inference engines, 10
Infix notation, 202
INITIALIZE procedure, 99
INITIALIZE_COMMAND procedure, 99
INITIALIZE_ROWS procedure, 119, 121
INPUT.NEW.WORDS procedure, 65, 67
Input/output commands:
in LISP, 225-27
in Logo, 197-99
in Prolog, 250-52
Inquiries:
general, 43
to knowledge bases, 166-70, 176-77
to Prologo program, 137-42
INQUIRY procedure, 43, 45, 46, 49
INT function, 244
Intelligence, defined, 4-5
Intelligent Maze program, 117-27
Interpreter, LISP, 216-17
INVERT command, 197
Invertible programs, 235-36
IS function, 172, 175-76
IS_P procedure, 149
“is-told’’ primitive, 251
ITEM command, 204, 205

K

Kahn, Kenneth, 146
KEY1 variable, 45
KILL command, 239
Knowledge acquisition, 158-62
Knowledge base, 162-78
creating and modifying, 149-50
format for, 165
geography, 173-78
literary, 167-72
principles for constructing, 162-66
for Prologo program, 167-78
querying, 166-67, 169-70
restricting, 163-65, 167
rules in, 170-72, 175-76
sequence in, 165-66
structure of, 165
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L

LABEL command, 199, 201-2
Language, 181-87

BASIC, 185, 256-62
LISP, 185, 186, 190, 214-30, 266-69
Logo, 186, 190-211, 272-76

natural (see Natural language processing)

Pascal, 186
Prolog, 10, 132-36, 160, 186, 234-52

LAST command, 204

LCSI Logo®, 272-76
Learning, research in, 11-12
LEAVE__LEFT procedure, 31
LEFT (LT) command, 194
LESS function, 242-43, 245
LISP language, 186, 214-30

conditional processing in, 222-25
data structures in, 185, 215-16
dialects of, 214

input/output in, 225-27
interpreter rules, 216-17

list manipulation, 218-21 .
Logo and, 190

math functions in, 217, 228-30
PiL program, 266-69

program structure in, 216-18
syntax, 214-15

variables in, 221-22

List, 19, 165, 184

in BASIC, 257-60

empty, 44, 68, 71

extracting parts of, 204-5, 272-73
in LISP, 216, 218-21

in Logo, 204-8

in Prolog, 238, 247-50

See also Property list

LIST function, 219-20

LISTP test, 206, 209
List-processing commands, 204-8
“list-sum’’ description, 252
LOCAL command, 273
LOCATE__SUBJECT procedure, 99
Logarithms, 229

Logical comparators, 275

Logical connectors, 224-25
LOGIC.FINDER, 45, 46-47, 49
Logo language, 186, 190-211

arrays in, 208-9

BASIC vs., 256-57

conditionals in, 199-201

graphics commands in, 193-97, 275-76
input/output commands in, 197-99
list processing in, 204-8
Macintosh® versions of, 272-76
math functions in, 202-4
procedures in, 190-93

program flow control in, 199-202
property lists in, 209-11

Loops, 183, 199, 201, 266-67
LPUT command, 205, 206
Lurya, Steve, 132, 150

M

McCabe, F. G., 234, 252
McDermott, Drew V., 116
Macro-matching, 116-17
MAKE, 21, 191-92, 198-99, 272
MAKE.UP.POEM,, 59, 61, 62, 69
Math functions:
in LISP, 217, 228-30
in Logo, 202-4
in Prolog, 236, 243-45
MAX function, 230
MEMBER reserved word, 220-21
MEMBERP function, 49, 207, 209
Micro Blocks World, 6, 84-109
commands understood by, 93-94
parsing in, 85, 86, 99, 101
procedures in, 99-102
sample session of, 94, 95-98
MICRO.LOGIC procedure, 43, 44-45
Micro-Logician program, 40-53
backward-chaining in, 40, 47-49
pattern-matching in, 40, 41
procedures in, 43-46, 49
refinements of, 49-50
sentence structure and, 41-43
Micro-matching, 116
Microsoft Logo®, 275, 276
MIN function, 230
Minmax searching, 8

Missionary-cannibal problem, 16, 21-26,

28-36
Move, 17, 21, 23, 25-26, 30, 101
MOVE__BACK procedure, 30
MOVE__CIRCLE procedure group, 121
MSBASIC Version 2.00, 256

Multiplication, 202-3, 217, 218, 236, 244-45

N

NAMEP test, 209

Natural language processing (NLP):
grammar in, 88-90
limits on entries, 42-43
research in, 8-9
in text generation, 56-59

Naylor, Chris, 185

Newell, A., 116

Nilsson, M., 132, 266

Nouns, 64

(0]

Object, locating, 101
OBSCURECURSOR command, 197
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ODDP function, 230
OPEN commands, 226-27
OR, 150, 200, 201, 225, 243

P

PAINT command, 197
Papert, Seymour, 186
PARSE procedures, 99, 101
Parsing, 84-88
Pascal language, 186
Passing variables, 191
Pattern-directed, rule-based programming,
235
Pattern-matching, 10-11, 112-17
in Micro-Logician, 40, 41, 112
in Poetry Maker, 70-71, 74, 75, 112
PEN controls, 195-96
PiL program, 132, 266-69
PLAY procedure group, 119-22
PLIST command, 210
Ply, 49
" Poetry Maker program, 59-80
meaning in, 75-76
pattern selection in, 70-71, 74, 75
procedures in, 59, 61, 64-73
vocabulary selection in, 69-70
POETRY.MAKER procedure, 64
PPROP command, 209-10
Predicate commands, 209, 224-25
Prefix notation, 202-3, 228
Prepositions, 64
PRINC command, 49, 198, 226
PRINT, 69, 198, 225-26, 250-51
PRINT__BINDINGS procedure, 145
PROBABLE_DIRECTION procedure, 121
Problem, 16-26, 113-14
PRODUCT function, 202, 228
Program(s):
as data structure, 185
Intelligent Maze, 122-27
Micro Blocks World, 103-9
Micro-Logician, 50-53
Missionaries & Cannibals, 33-36
PiL, 132, 266-69
Poetry Maker, 76-80
Prologo, 150-55
Program flow control, 199-202
Program structure, 216-18, 256
Prolog language, 132-36, 186, 234-52
arithmetic processing in, 236, 243-45
data relationships in, 236-39
expert systems and, 10, 132-33, 160
input/output in, 250-52
invertible programs in, 235-36
list-processing in, 247-50
PiL program, 266-69
queries in, 166, 239-43
rules with conditional sentences in,
245-47
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PROLOGO procedure, 143, 144
Prologo program, 10, 132, 136-55

inquiries, 137

performing calculations, 141-43

procedures and relationships, 144-49

sequence in, 165-66

__what command, 137-38
Property list, 19

in BASIC, 260-62

in Logo, 209-11

in Micro-Logician, 40, 49

in Poetry Maker, 66, 67, 71, 72
PROVE procedure, 145, 148

Q

Queries, 166, 239-43

Questions, 43, 169-70, 176-77

QuickDraw graphics commands, 99, 197,
275-76

QUOTIENT function, 202-3, 228

R(ead) primitive, 251

RANDOM function, 70, 203, 228-29
Random text generation, 56-57
RAW__VARIABLE__P procedure, 147
READ function, 225

READCHAR, 59, 64, 68, 198-99
READLIST command, 198-99
REARRANGE procedure, 101
REBUILD.PLISTS procedure, 66
Record, 19-20

Recursion, 246, 256

Recursive rules, 246, 249
REMAINDER function, 202-3, 228
REMOVE command, 207-8
REMPROP command, 210-11
RENAME__VARIABLES, 145, 146, 147
REPEAT function, 199, 201
Representation, 19, 23-25

REVERSE function, 259-60

Riesbeck, Christopher K., 116
RIGHT (RT) command, 194
ROUND function, 204, 229

RPLACA command, 208

Rules, 170-72, 175-76, 245-47, 249
RUN.AGAIN procedure, 71, 73

S

Schank, Roger C., 8, 58, 90

Schieser, Ken, 33, 103, 122

Search, 26-27, 49, 146

SEARCH procedure, 121

Search techniques, 6-8, 26-28
SELECT.PATTERN, 70, 73, 75
Sentence(s), 41-43, 71, 236-37, 245-47
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SENTENCE (SE) command, 205-6
Sentence grammar, 89
Sequence, 114-15, 165-66
SETBACKGROUND (SETBG), 195
SETHEADING command, 195
SETQ, 217, 220, 221-22, 266
SET__TABLE procedure, 99
SET.UP procedure, 44-45
SETUP_PROBLEM, 28, 29
S-expressions, 215-16, 217
Shafer, Dan, 50, 76
SHOWBUNNY command, 193-94
SHOWCURSOR command, 197
SHOW__IF procedure, 200
SHOW.KNOWLEDGE procedure, 46
SHOW__STATUS procedure, 29, 30
SHOWTURTLE command, 193-94
SHRDLU program, 9, 84, 91-92
SIN command, 203
Speech, 8, 63-64

See also Natural language processing
SQRT function, 229
Square roots, 203, 229
Statements, 40-43
States, 16-20, 22, 25, 29
STAY move procedure, 21
String(s), 185, 215
STRINGP test, 206
Subgoal creation, 145
Subject, 42, 99
SUB1 function, 228
SUBST command, 207, 220
Subtraction, 202, 228-29, 244
SUCCESS procedure, 30
SUM function, 202, 228, 244
Superlanguage, 182
Symbolic representation, 19, 23-25

T

TAN command, 203
Template-matching, 116

Test procedures, 31, 101, 209, 223-24,
273-74

Text generation, 56-80
Three-coins problem, 17-19, 20-21
TIMES function, 235-36, 244-45
TO reserved word, 190
Tracing function, 147
Trigonometric functions, 203, 229
TRUNC function, 204, 229
TRY procedure, 29, 30
TRY_EACH, 145, 146-48, 273
Turtle Graphics, 193

See also Logo language
TYPE command, 49, 198

U

UNIFY procedure, 147-48
UPDATE.FILE procedure, 65, 69

\'

VALID__MOVE procedure, 30, 101

VALUE procedure, 146

Variables, 191-92, 221-22, 240, 273
binding, 146, 217, 274-75

Verb, 42, 50, 64

VERIFY__SUBJECT procedure, 99

Vocabulary, 69-70, 74, 75, 86

w

Waite Group, 33, 50, 76, 103, 122
__what command, 138

Winograd, Terry, 84, 91

Word file, 65-66

WORDRP function, 206-7, 209, 275
Worthington, John, 132

X

XLISP, 214, 267
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O Macintosh™ Programming Techniques
David C. Willen

Intermediate and advanced programmers will learn to
get the most out of the powerful, versatile Microsoft®
BASIC 2.0 with this excellent tutorial. The author’s
easy-to-understand programs and helpful illustrations
demonstrate Macintosh techniques such as windowing,
custom dialog boxes, accessing utilities in the
Macintosh ROM tool kit, pull-down menus, powerful
graphics, and using the mouse.

ISBN: 0-672-22411-9, $22.95

O C Programming Techniques for
Macintosh™

Terry M. Schilke and Zigurd Medneiks

This intermediate-level programming book provides a
thorough grounding in the C programming language as
it is uniquely designed for the Macintosh. The authors
discuss the history of the development of C, its
relationship to other languages, its syntax, and specific
usages. This comprehensive treatment examines the
difference between tool kit calls and system calls,
illustrates the design of a Macintosh application, and
discusses debugging techniques and tools. It allows
you to access over 500 ROM tool kit routines and
clearly demonstrates how you may use those routines
to develop your own programming application in C.
ISBN: 0-672-22461-5, $18.95

O Macintosh™ User’s Guide

Gordon McComb

Is the Macintosh right for you? The introductory
section of this complete user's guide compares the
Mac to five other best-selling micros. What follows is a
well-written, well-illustrated, and attractively presented
explanation of fundamental and advanced applications
of the Macintosh.

ISBN: 0-672-22328-7, $16.95

O MacPascal Programming Techniques: An
Intermediate Guide

Jack Cassidy and Janice Steinberg

This book provides a sorely needed overview and
interactive teaching guide for the student of Pascal, a
dominant language for software development, as well
as for the intermediate and advanced Pascal
programmers who own a Macintosh'™. The student
will gain a sturdy foundation from the book’s
introduction to the basic concepts of Pascal and from
the complete guide to the use of the newest Think
Technologies Pascal, Version 2.0. The experienced
programmer will be interested in the more advanced
topics, such as accessing the ROM tool kit and
creating applications and programs in Pascal.

ISBN: 0-672-22440-2, $18.95

O Programmer’s Guide to Asynchronous
Communications Joe Campbell

For intermediate and advanced programmers this book
provides the history and technical details of
asynchronous serial communications. Upon this
foundation Campbell builds the specifics for the
technical programmer, with an emphasis on popular
UARTS and pseudo assembly language code.

ISBN: 0-672-22450-X, $21.95

[0 Modem Connections Bible

Carolyn Curtis and Daniel L. Majhor, The Waite Group
Describes modems, how they work, and how to hook
10 well-known modems to 9 name-brand
microcomputers. A handy Jump Table shows where to
find the connection diagram you need and applies the
illustrations to 11 more computers and 7 additional
modems. Also features an overview of communications
software, a glossary of communications terms, an
explanation of the RS-232C interface, and a section on
troubleshooting.

ISBN: 0-672-22446-1, $16.95

O Printer Connections Bible

Kim G. House and Jeff Marble, The Waite Group

At last, a book that includes extensive diagrams
specifying exact wiring, DIP-switch settings and
external printer details; a Jump Table of assorted
printer/computer combinations; instructions on how to
make your own cables; and reviews of various printers
and how they function.

ISBN: 0-672-22406-2, $16.95

[0 Computer-Aided Logic Design

Robert M. McDermott

An excellent reference for electronics engineers who
use computers to develop and verify the operation of
electronic designs. The author uses practical, everyday
examples such as burglar alarms and traffic light
controllers to explain both the theory and the technique
of electronic design. CAD topics include common
types of logic gates, logic minimization, sequential
logic, counters, self-timed systems, and tri-state logic
applications. Packed with practical information, this is
a valuable source book for the growing CAD field.
ISBN: 0-672-22436-4, $25.95



O 68000, 68010, 68020 Primer

Stan Kelly-Bootle and BobFowler, The Waite Group
Here's a user-friendly guide to one of the most popular
families of microprocessor chips on the market. The
authors show you how to use the powerful 68000 series
to its maximum. Find out how to work with assemblers
and cross-assemblers, how to use various instructions
and registers, and how chips are employed in multiuser
systems. Follow specific programming examples and
use the handy tear-out instruction card for quick
reference. For novice and experienced programmers.
ISBN: 0-672-22405-4, $21.95

O Apple® lic Programmer’s Reference
Guide David L. Heiserman

This comprehensive user’s guide will help you use all
the programming capabilities of the Apple lic.
Following a brief introduction, the author describes the
four principal programming languages and operating
systems for the Apple llc: Applesoft BASIC, the
monitor, Pro-DOS®, and 65C02 machine-language
coding. Key topics such as text screen, keyboard
input, and low- and high-resolution graphics are covered
in separate chapters. A complete memory map is
included, with procedures for managing all 128K of
memory. Valuable for beginners as well as seasoned
programmers.

ISBN: 0-672-22422-4, $24.95

O AppleWriter'™ Cookbook Don Lancaster
Don Lancaster makes it easy to personalize AppleWriter
for the Apple® lic and lle using the latest ProDOS® 2.0
routines. Providing workable answers to everyday
questions about programming, he covers an extensive
range of topics, including patches, microjustification, a
complete and thorough disassembly script, source-code
capturing, WPL routines for columns, and helpful
information on continuing support, or user helpline, and
upgrades. Everything you want to know about the
AppleWriter word processing package in one book.
ISBN: 0-672-22460-7, $19.95

0 Managing with AppleWorks™

Ruth K. Witkin

This book makes AppleWorks understandable even for
the reader who has no experience with computers or
integrated software. Author Ruth K. Witkin provides
step-by-step instructions and illustrated examples
showing how to use this popular software for effective,
efficient business management. Written in a clear,
concise manner and organized into four basic sections
that can be used in any order.

ISBN: 0-672-22441-0, $17.95

O Computer Dictionary (4th Edition)

Charles J. Sippl

This updated and expanded version of one of SAMS’
most popular references is two books in one — a
"browsing” dictionary of basic computer terms and a
handbook of computer-related topics, including fiber
optics, sensors and vision systems, and computer-aided
design, engineering, and manufacturing. Clarifies
micro, mini, and mainframe terminology. Contains over
12,000 terms and definitions with scores of illustrations
and photographs. The 1,000 new entries in this edition
focus on the RAF classifications: robotics, artificial
intelligence, and factory automation.

ISBN: 0-672-22205-1, $24.95

O Data Communications, Networks, and
Systems Thomas C. Bartee, Editor-in-Chief

A comprehensive overview of state-of-the-art
communications systems, how they operate, and what
new options are open to system users, written by
experts in each given technology. Learn the
advantages and disadvantages of local area networks;
how modems, multiplexers, and concentrators operate;
the characteristics of fiber optics and coaxial cables;
and the forces shaping the structure and regulation of
common carrier operations.

ISBN: 0-672-22235-3, $39.95
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More Books from Sams and The Waite Group

C Primer Plus

A clear, complete introduction to the C language that
guides you in the fundamentals, covers use of
Microcomputer C with assembly language, and
contains many sample programs usable with any
standard C compiler. Watie, Prata, and Martin.

No. 22090, $21.95

UNIX™ Primer Plus

Presents the elements of UNIX clearly, simply, and
accurately, for ready understanding by anyone in any
field who needs to learn, use, or work with UNIX in
some way. Fully illustrated. Waite, Martin, and Prata.
No. 22028, $19.95

UNIX System V Primer

Shows you how to work with multi-user, multi-tasking
UNIX System V, including its built-in utilities and
software tools. Reference cards included.

Waite, Martin, and Prata.

No. 22404, $19.95

Advanced UNIX — A Programmer’s Guide
Use UNIX in problem-solving. Learn to develop
shells, use UNIX tools, functions, and UNIX graphics,
and use C with UNIX. Exercises and questions test
your progress. Stephen Prata.

No. 22403, $17.95

Tricks of the UNIX Masters

Learn the shortcuts, tips, tricks, and secrets used by
the masters of the UNIX operating system. Includes
working examples of important UNIX and C utilities
and tools not found in technical manuals or other
UNIX books. The Waite Group.

No. 22449, $22.95

Inside XENIX™

Provides an in-depth examination of the internal
structure of XENIX, including its shells and utilities.
Learn to access and use XENIX'’s special terminal
handling features, its kernal shell, and file access
control facilities. The Waite Group.

No. 22445, $22.95

CP/M® Primer (2nd Edition)

Completely updated to give you the know-how to
begin working with new or old CP/M versions
immediately. Includes CP/M terminology, operation,
capabilities, internal structure, and more.

Waite and Murtha.

No. 22170, $16.95

CP/M Bible: The Authoritative Reference
Guide to CP/M

Gives you instant, one-stop access to all CP/M
keywords, commands, utilities, conventions, and more.
A must for any computerist using any version of
CP/M. Waite and Angermeyer.

No. 22015, $19.95

Soul of CP/M: How to Use the Hidden
Power of Your CP/M System

Teaches you how to use and modify CP/M’s internal
features, use CP/M system calls, and more. You'll
need to read CP/M PRIMER or be otherwise familiar
with CP/M’s outer-layer utilities. Waite and Lafore.
No. 22030, $19.95

Discovering MS™-DOS

From complete description of the basic command set
through analysis of architectural implications, you will
gain a complete understanding of this operating
environment. Kate O'Day.

No. 22407, $15.95
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MS-DOS Bible

A step beyond Discovering MS-DOS. Take an in-
depth look at MS-DOS, particularly at commands such;
as DEBUG, LINK, EDLIN. Provides quick and éasy
access to MS-DOS features and clear explanations of
DOS utilities. Steve Simrin.

No. 22408, $18.95

68000, 68010, 68020 Primer

The newest 68000 family of chips is covered in this
timely and up-to-date primer. Gives you a complete
understanding of Motorola’s powerful microprocessor
chip and features actual programming examples such
as file locking and data handling techniques.
Kelly-Bootle and ‘Fowler.

No. 22405, $18.95

IBM® PC/PCjr™ Logo Programming Primer
Emphasizes structured, top-down programming
techniques with box charts that help you maximize
effectiveness in planning, changing, and debugging
Logo programs. Covers recursion, outputs, and
utilities. Several sample programming projects
included. Martin, Prata, and Paulsen.

No. 22379, $24.95

88 IBM PC and PCjr Logo Programs

Learn structured programming and Logo syntax fast.
Includes simple, ready to run database and graphics
packages for home and business as well as entertain-
ment, special turtle graphics programs, and a powerful
"Matchmaker” program. Waite, Martin, and Martin.
No. 22344, $17.95

The Official Book for the Commodore 128™
Personal Computer

Discover Commodore’s most exciting computer and its
three different operating modes — 64, 128, and CP/M.
Create exciting graphics and animation, program in
three-voice sound, use spreadsheets, word processing,
database, and much more. Waite, Lafore, and Volpe.
No. 22456, $12.95

S

Pascal Primer '

Guides you swiftly through Pascal program structure,
procedures, variables, decision making statements, and
numeric functions. Contains many useful examples
and eight appendices. Waite and Fox.

No. 21793, $17.95

Printer Connections Bible

Covers major computer/printer combinations, supplies
detailed diagrams of required cables, dip-switching
settings, etc. Includes diagrams illustrating numerous
printer/computer combinations. House and Marble.
No. 22406, $16.95

Modem Connections Bible

This book describes modems and how they work, how
to hook up major brands of microcomputers, and what
happens with the RS-232C interface. A must for users
and technicians. Richmond and Majhor.

No. 22446, $16.95

These and other Sams books are available from your
local bookstore, computer store or distributor. If there
are books you are interested in that are unavailable in
your area you can order directly from Sams.

Phone Orders — Call toll-free 800-428-SAMS (in
Alaska, Hawaii or Indiana call 317-298-5566) to charge
your order to your VISA or MasterCard account.

Mail Orders — Use the order form provided or on a
sheet of paper include your name, address and daytime
phone number. Indicate the title of the book, product
number, quantity and price. Include $2.00 for ship-
ping and handling. AR, CA, FL, IN, NC, NY, OH,
TN, WV residents add local sales tax. To charge your

- VISA or MasterCard account, list your account

number, expiration date and signature. Mail your
order to: Howard W. Sams & Co., Inc.
Department DMO061,
4300 West 62nd St.
Indianapolis, IN 46268
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Artificial Intelligence
Programming on
the Macintosh

For the programming student and hobbyist eager to learn the fundamentals of Artificial
Intelligence (Al) programming theory and technique, this book provides a step-by-step
introduction to this next frontier in computer usage. No prior knowledge of Al and only a
minimum of programming experience is assumed.

The author explains basic Al concepts and procedures by means of fascinating hands-on
programs that run on your Macintosh. Discover search techniques as you move cannibals
and missionaries from bank to bank in this classic problem; build property lists from which
the program can make inferences in the Micro-Logician; construct a vocabulary and
formats for text generation in the form of Haiku poetry in the Poetry Maker; move blocks
to and fro, up and down, using natural language processing in the Micro Blocks World;
learn about pattern-matching as you try to beat the system in the Intelligent Maze Game;
and design your own expert systems based on models given here.

Among the features of this reader-friendly book:

® Full program listings are in the easy-to-learn Logo language

Program codes and their relationship to Al concepts are fully explained
Ideas for expansion are given for each of the programs

Features of Logo, LISP, and Prolog languages are summarized
Conversion factors are explained for BASIC programmers

Richly annotated bibliography aids further study

Dan Shafer is an independent product consultant and freelance
writer in California’s Silicon Valley. He is also the coordinator
of symposia for attorneys on the impact of Atrtificial Intelligence
and expert systems on their profession. Dozens of his feature
articles and product reviews have appeared in computer
magazines. As publisher of the monthly newsletter, Visions:
The Shafer Report, he analyzes future technological trends and
impacts. Dan and his wife and four daughters live in
Sunnyvale, California.

The Waite Group is a San Francisco-based producer of books on personal computing.
Acknowledged as a leader in the field, The Waite Group has produced over 50 titles,
including such best sellers as Unix Primer Plus, C Primer Plus, CP/M Primer, and
Assembly Language Primer for the IBM PC & XT. Mitchell Waite, president of The
Waite Group, has been involved in the computer industry since 1976, when he bought
one of the first Apple | computers from Steven Jobs. Besides writing and producing
books, Mr. Waite is also a columnist and lecturer on computer-related topics.
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