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Preface

This book is about learning to program in Lisp. About twenty-five years
old, Lisp is one of the oldest computer languages, yet its importance
and popularity are increasing today as never before. One reason Lisp is
so important is that it is the lingua franca of artificial intelligence re-
search, or “AL” AI is moving from the laboratory to the everyday
world, and tremendous changes are in store for our society as a result.
Lisp’s popularity is also growing because it offers a friendly, interactive
programming environment, an invaluable aid to beginning program-
mers.

When I wrote the book I had three types of readers in mind, and I
would like to address each in turn:

* The humanities student taking his or her first programming course. For
you, let me stress the word gentle in the title. I assume no prior mathe-
matical background beyond arithmetic. Even if you don't like math,
this book may teach you to enjoy computer programming. I've avoided
technical jargon. There are many examples. Plenty of exercises are
interspersed with the text, the answers to which may be found in ap-
pendix D.

* Psychologists, linguists, and other persons interested in AI and cogni-
tive science. As you begin your inquiry into artificial intelligence, you
will see that almost all research in this field is carried out in Lisp, This
book can be your doorway to a deeper understanding of the technical
literature as well as a quick introduction to the central tool of Al

» Computer hobbyists. Several high-quality mini-Lisp systems are avail-
able today for personal computers, such as the Apple and many Z-80

xi
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based machines. These systems are adequate for learning Lisp and
writing simple programs, but currently their power is limited by a lack
of memory. When more powerful personal computers become afford-
able—for example, those with 24- or 32-bit address spaces and virtual
memory capability—hobbyists will be able to run the same Lisp soft-
ware that is used in today’s Al research labs. The prospect of putting
research-quality Lisp systems into the hands of computer hobbyists is
truly exciting. This book will teach you to use the Lisp systems avail-
able today, but more important it will help you prepare for the tech-
nology that is coming tomorrow.

There has never been a standard Lisp. Throughout its history the
language has been evolving and gradually maturing; the end of this
process is not yet in sight. Consequently there are a large number of
Lisp dialects around. Lisp 1.5 is the closest thing there is to a “stan-
dard” Lisp, but it's a 1962 dialect that lacks much of the power of
modern Lisp. The major dialects today are MacLisp, Interlisp, UCI
Lisp, and Lisp Machine Lisp; Franz Lisp and Common Lisp are MacLisp
offshoots that are developing rapidly and will soon be important in their
own right. This book is based primarily on MacLisp and Common Lisp,
with a few borrowings from other dialects. Appendix C gives informa-
tion on how to make virtually any Lisp system compatible with the one
used in the book.



Introduction:
Getting Acquainted

1. BEAUTY AND THE BITS

There are literally hundreds of books on the market today about how to
program a computer. What distinguishes this one from the rest, besides
the fact that it uses Lisp, is its treatment of computer programming as
an aesthetic activity. The computer is not a musical instrument, but at a
slightly more abstract level one could truthfully call it the greatest key-
board instrument of the twentieth century. Just as the piano allows us to
create beauty in structured patterns of sound, the computer is a tool for
finding beauty in information structures. Much of the beauty of com-
puter science is mathematical in flavor, but don’t be put off by that fact.
Programming is very different from ordinary pencil-and-paper mathe-
matics.

I believe there is something in common between what program-
mers do and what musicians do. Therefore in writing this book I have
borrowed some ideas from the format of an introductory piano book.

There are two components to piano books: theory and keyboard
exercises. Music theory is a mathematical description of some of the
elements of music. It contains formal descriptions of harmony, chord
structure, counterpoint, and rhythm. Computer science theory deals
with another set of formal elements: information structures, control
structures, algorithms, and representation languages.

Exercises are what convert purely theoretical understanding into
demonstrable skill. There is a long way to go from understanding the

1



LISP: A GENTLE INTRODUCTION TO SYMBOLIC COMPUTATION

properties of a theoretical piano (or computer) to getting a real one to
do something interesting. Pianists and programmers put in lots of prac-
tice at their respective keyboards in order to achieve proficiency. The
exercises that appear throughout this book will help you improve your
own programming skills, until you are a computer “virtuoso."”

2. PRACTICAL REASONS FOR LEARNING ABOUT COMPUTERS

Computer courses are one of the most rapidly growing areas in the
modern college curriculum. Everyone needs some knowledge of com-
puter basics because of the major role computers play in a technologi-
cal society. Computer programming is also an excellent way to develop
formal reasoning skills. People have traditionally learned formal reason-
ing by studying mathematics (especially geometry and logic), but for
many these subjects are too difficult and tedious to be enjoyable. Pro-
gramming, on the other hand, is fun—even addictive. Students can say
things to the computer (in a computer language), and the computer
talks back to them.

A computer that talks back helps students to explore new ideas,
for they can see immediately whether the ideas work or not. Students
can learn, and are encouraged to learn, by experimenting and discover-
ing new things in a personal dialog with the machine. Computers can
put animation into a subject that mere pencil and paper leave abstract
and lifeless.

3. COMPUTERS ARE EVERYWHERE

Computers exist in a great variety of forms, from $10 microprocessors
no larger than a thumbnail to $10 million dynamos that can easily fll a
house. There are many ways the most versatile of all machines is put to
use in our society. Here are a few:

+ Data Processing, Perhaps the most well-known computer application,
data processing is the primary purpose for which businesses buy com-
puters. Computers are used to automate routine paperwork by doing
such things as recording customer orders, sending out bills, managing
inventory, printing paychecks, and keeping personnel records.
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o Embedded Applications. Small computers are often placed inside other
machines, such as video games, pocket calculators, electronic banking
machines, and programmable microwave ovens. Even some cars now
include a computer: it controls carburetion, assures even braking, and
provides for a more informative instrument panel.

o Communication. Our telephone system would be impossible without
computer-controlled switching equipment. Computers also run com-
munications satellites and electronic communication networks. One
such network, the ARPANET, spans half the globe and connects over a
hundred universities, research centers, and government installations.
A person with access to this network can send electronic mail to any-
one else on the network in just seconds, instead of the days it takes for
regular mail. Airline reservation systems are another example of how
computers make communication speedier.,

» Text Processing. Computers have revolutionized the process of compos-
ing and editing text. Far more versatile than an ordinary typewriter, a
computerized “word processor” lets an author correct misspellings,
change wording, and cut and paste sentences or even entire para-
graphs simply by pushing a button. By the way: The page you're read-
ing now was composed, edited, tyvpeset, and printed using a network of
cooperating computers.

» Information Retrieval. Computers are very good at searching through a
large body of information quickly. Major libraries have links to com-
puters that can electronically search a database of medical or legal
abstracts. Tens of thousands of entries can be examined in a few min-
utes, saving researchers many hours of manual work. Similar informa-
tion retrieval techniques are used by large businesses or utility compa-
nies to immediately retrieve a customer’s record when he or she calls
in with a question about service. The telephone company uses comput-
ers to help directory assistance operators look numbers up quickly.

* Personal Computing. As their prices keep dropping and their capabili-
ties increase, computers are moving into more and more homes. Peo-
ple use home computers to play games ranging from the traditional
chess, backgammon, and blackjack, to Space Invaders and Pac-Man.
Home computers also do useful things such as budget planning and
maintaining Christmas card lists. People who learn to program their
own computers have an unlimited opportunity for creative play.
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4. COMPUTERS AS RESEARCH TOOLS

There are several different ways in which computers can be used as
research tools. These may be classified as processing data, viewing data,
and producing data.

An example of processing data is statistical analysis, such as linear
regression or analysis of variance. Such procedures are difficult and
tedious to do by hand but can be done quite quickly and accurately by
standard statistical computer programs such as SPSS or BMD.

When the computer is used to view data, it generates an organized
view by maintaining lists in alphabetical order or generating indices or
cross-reference listings on demand. Sophisticated systems now accept
queries such as “list the names and addresses of all employees who
work in plant #3 and make more than $15,000 a year”; the computer
then selects from a large file of information only those records that
satisfy the request. Another way in which computers help people view
data is by generating plots and graphs automatically.

A computer can produce data by acting out some theory or model
that a researcher is investigating. A physicist, for instance, might pro-
gram a computer with detailed equations describing the behavior of a
nuclear reactor. Then, after the initial conditions haven been estab-
lished, the computer could solve the equations and say what the reactor
would do. This is both faster and cheaper than actually building the
reactor. If the physicist wanted to study core meltdowns or massive
cooling system failures, a computer model might be the only way to
safely conduct the research.

In practice, research computing usually involves a combination of
all three of these activities.

5. COMPUTERS AND FORMAL REASONING

Formal reasoning is one way of dealing with the world around us. Other
reasoning styles are not “formal,” but they are equally important, such
as the kinds that let us interpret poetry, invent a recipe, or mentally
visualize a three-dimensional object. Formal reasoning is important be-
cause it is the foundation for modern-day science and mathematics,
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fields with which every educated person should be familiar.

How do we learn formal reasoning? Usually by studying logic or
geometry and learning to prove theorems. A beginning student of logic
might be asked to prove a theorem such as

((P=9)=r)=(p=(q=r))

Or, in a geometry class, the task might be to “prove that the
alternate interior angles formed by a line intersecting two parallel lines
are equal.” The formal part of the process is the way in which the
student is allowed to prove the truth of a theorem. One can't say,
“Well, those angles look about equal in the diagram, so the theorem
must be true.”” One can't argue from aesthetics, either, such as saying
that alternate interior angles ought to be equal because that leads to
pleasant symmetries. The only way to show formally that a statement is
true is to produce a step-by-step logical proof that it is true.

Many people discover they have trouble proving theorems and
therefore become convinced that they can’t do formal reasoning. This is
unfortunate, because they are cutting themselves off from a large body
of fascinating intellectual material. Theorem proving is not the only
way to learn formal reasoning, and it isn't even the most useful way to
apply it. After all, when was the last time you needed to prove a theo-
rem outside of a classroom? We shall consider a different approach to
formal reasoning: computer programming,

In computer programming, the object is not to prove theorems
but rather to write programs to make the computer do something. The
difference between a program and a theorem is that a program is more
lively, more animated. The computer will act out the instructions in the
program, and the programmer can monitor the computer’s behavior to
see if it is doing the right thing,

The formal part of computer programming is in the specification
of the program. Programs are written in a concise logical notation called
a programming language. Because the computer actually interprets the
program and follows out its instructions, finding mistakes in programs is
far easier than finding mistakes in proofs. Also, the subject matter of
elementary computer programming is generally less abstract than that
of elementary mathematics, which makes programming more intuitive
and easier to learn.
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6. PROGRAMS ARE DESCRIPTIONS

A computer program is a description of something. For instance, a pro-
gram can be a description of a procedure. Suppose we needed a proce-
dure for making toast. If our instructions were to be read by a human
being, they could be very informal. We might describe the “make
toast” procedure as:

1. Go to the breadbox.

2, Remove as many slices of bread as vou want pieces of toast.
3. Put the bread in the toaster and press the handle down.

4. Wait for the toast to pop up.

Any intelligent person could follow this procedure, but a com-
puter cannot because the procedure is too vague. For example, the
procedure doesn’t tell how to recognize a breadbox or a toaster if
you've never seen one before. It doesn’t say what to do if the toaster is
not plugged in. It doesn’t say what to do if vou want four slices of toast
but the toaster can only hold two. And it doesn’t say what to do if you
want dark toast but the toaster produces light toast. In fact, it doesn't
even say what “toast” is!

The procedures we write in Lisp will deal with abstract things
called numbers and symbols, not toasters and pieces of bread, but the
point is the same: our descriptions must be precise and complete if the
computer is to follow them properly.

Another possible answer to the question “What do programs de-
scribe?” is that programs describe machines. Suppose we construct a
computer program to figure income tax. We could think of that pro-
gram as a description of a hypothetical income-tax-figuring machine. A
computer, then, is just a general-purpose machine that can act like any
special-purpose machine, given an adequate description of the special-
purpose machine.

Whether we view programming as procedure-writing or machine-
building, our descriptions must be carefully thought out if the com-
puter is to interpret them successfully. Programming languages, unlike
ordinary human languages, are specially designed for writing precise
(yet concise) descriptions.
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7. ARTIFICIAL INTELLIGENCE: CAN MACHINES REALLY THINK?

Back in the fifties and sixties it was fashionable to refer to computers as
“electronic brains.”” This makes about as much sense as calling an auto-
mobile “mechanical feet.” Today’s computers, even the very largest
models, are childishly simple when compared with the human brain.
They do not think, feel, or experience the world any more than an
automobile does—they simply calculate things, like super-fast adding
machines, and display the results.

This does not mean that computers are fundamentally incapable of
thought. Whether they are or not is a topic of much heated debate,
However, none of the computers that exist today are anywhere near
large enough or complex enough for there to be serious consideration
given to their sentience.

The field of artificial intelligence, a subdiscipline of computer sci-
ence, is concerned with making computers do intelligent things such as
play chess, understand spoken language, solve puzzles, or diagnose dis-
eases. Today's computers can do all of these things (with varying de-
grees of success), but “thought,” in the deep significant human sense, is
beyond them,

Exercises

1. List five ways you use or come in contact with computers in your
daily life.

2. Walk into your nearest computer store (any Sears or Radio Shack will
do) and ask the salesperson why you should buy a home computer.
Are his or her arguments convincing? Did you buy one?

3. Consider an economist who uses a computer to model a pet theory
about monetary supply. She writes a computer program, feeds it
some current data, and gets back a prediction of the state of her
country’s economy six months from now. The prediction turns out to
be dead wrong. List as many factors as you can think of that could be
responsible for this,
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4. Some people have argued (fallaciously) that computers will never be
able to think because “after all, a computer can only do what it’s told
to do.” Is it possible to write down a set of instructions that tell a
computer how to think? Take a position and defend it briefly.



