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To the Reader

With the advent of integrated circuits and miniaturization in electronics, suddenly
a complete computer, with all the peripherals or attachments needed to use it,
can be purchased for as little as $600. Now a computer for your home, club,
school or business is in the same price range as the less expensive stereo compo-
nent systems! These inexpensive computers, among them the ATARI computers,
use the computer language BASIC. This book will teach you how to write pro-
grams using the BASIC language, specifically for ATARI computers.

BASIC was originally developed at Dartmouth College by John Kemeny
and Thomas Kurtz who recognized the need for an all-purpose computer
language that would be suitable for beginning programmers whose educational
backgrounds would be varied and diverse. Beginners All-purpose Symbolic In-
struction Code (BASIC) was originally designed as a simple language which could
be learned in a few short hours. With improvements over the years, the language
now may take a few days to learn, but you will find that you can do nearly
anything you want in BASIC.

If you do have an ATARI computer to use, be certain that the BASIC cart-
ridge is installed in the computer. so it will understand instructions given in
BASIC. It is the nature of progress to find ways of improving on things, and
BASIC is no exception, so you may find that your BASIC has some extra
statements and refinements that were not in the 8K ATARI BASIC we used in
writing this book. So we encourage you to experiment and, if you get stuck, con-
sult your reference manual. If that doesn’t do it, call ATARI or write the
authors, and you'll find people to point you in the right directions.

Also, notice that there is an appendix of functions. By Chapter 3 or 4, you
should begin browsing the function appendix and your reference manual to
enhance your understanding of the capabilities of your computer. Learn how to
save (CSAVE) your programs on the cassette recorder. if you opted to include
one on your computer system. As you progress to writing longer programs that
are developed and modified. having an early version on tape saves tedious typ-
ing time.

And notice the ERROR message appendix. Believe us, you'll refer to it as
often as we have for clues as to what we typed wrong, or where our logic tem-
porarily foiled us. There is a saying among programming afficionados: ‘‘Keep on
hackin’.”" So give it another try.

Now take a look at How to Use This Book, and then go on to learn
BASIC!




How to Use this Book

With this book’s self-instructional format, you'll be actively involved in learning
BASIC for the ATARI computer. The material is presented in short numbered
sections called frames, each of which teaches you something new about ATARI
BASIC and gives you a question or asks you to write a program. Correct answers
are given following the dashed line. For the most effective learning we urge you
to use a thick paper to keep the answers out of sight until you have written your
answer.

You will learn best if you actually write out the answers and try the pro-
grams out on the ATARI computer. The questions are carefully designed to call
your attention to important points in the examples and explanations, and to help
you learn to apply what is being explained or demonstrated.

Each chapter begins with a list of objectives—what you will be able to do
after completing that chapter. If you have had some previous experience using
BASIC and the objectives for that chapter look familiar, take the Self-Test at the
end of that chapter first to see where you should start your close reading of the
book. If you do well, study only the frames indicated for the questions you
missed. If you miss many questions, start work at the beginning of the chapier.

The Self-Test can also be used as a review of the material covered in the
chapter. You may test yourself immediately after reading the chapter. Or you
may wish to read a chapter, take a break, and save the Self-Test as a review
before you begin the next chapter. At the end of the book is a Final Self-Test
which will allow you to test your overall understanding of ATARI BASIC.

This is a self-contained book for learning ATARI BASIC, but what you
learn will be theoretical until you actually sit down at a computer terminal and
apply your knowledge of the computer language and programming techniques.
So we strongly recommend that you and this book get together with an ATARI
computer. BASIC will be easier and clearer if you have even occasional access 1o
a computer so that you can try the examples and exercises, make your own
modifications, and invent your own programs for your own purposes. You are
now ready to teach yourself how to use ATARI BASIC,
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CHAPTER ONE

Your ATARI
Personal Computer

This chapter will introduce you to the ATARI 400 and the ATARI 800 Personal
Computers for home, school, club, or business use. When you complete this
chapter, you will have a thorough introduction to these two computers and the
expansion components which are currently available for them. You will also be

able to use the following words and phrases from the language of the computer
world.

Computer language

BASIC and, specifically ATARI BASIC
CPU or Central Processing Unit

Disk drive

Keyboard

Screen or television screen

Printer

Program

Program recorder

ROM cartridge containing ATARI BASIC
Operating System program

ROM module

RAM memory

RAM memory module

BASIC statements

Line numbers
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You may be using this book with either the ATARI 400 or the ATARI 800
personal computer system. The 400 computer console has a flat-panel keyboard
and is used with your television set and, possibly, the optional ATARI 410 pro-
gram recorder. The 800 computer console has a typewriter-like keyboard. Both
consoles attach to your television set. There are other differences between the
two systems which we will note as we go along.
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Before you go any farther, it would be a good idea to set up your computer
so that you can use it as you read this book. Packed in the carton with your
ATARI 400 or 800 you will find the Operators Manual. This manual will tell
you how to attach the television, turn on the power to your compulter, and use
the program cartridges which come with it. The Operators Manual contains a lot
of information so don’t feel you must read every word of it right away. But do
get your computer ‘‘up and running in BASIC” if you haven't done so before,
and then come back to this book.

Welcome back! Now let’s get better acquainted wth your ATARI computer con-
sole.

Of course. the most obvious feature of the computer is its keyboard. The
keyboard of the ATARI 800 looks like this:

0080060 00006EE0
2 3 ) 5 6 7 < >
S000000000058E0
000600000 06888
EOOODOD0O88H0ES
T S
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This is your means of communicating with your ATARI computer. It is
called an input device, because you can use the keyboard to put information into
the computer,

I. The keyboard is the input device that will allow you to communicate with

the computer in the computer language called

BASIC

2. The part of the computer’s electronics that actually “‘computes’’ is called
the CPU or Central Processing Unit. It is located on a single printed circui
board under the ribbed cover at the back of the console.

Also under that ribbed cover of the console is the computer’s memory
bank. The first section of the memory bank contains the 8K Operating System
ROM Module or Read-Only-Memory. The ROM Module has a program, a set of
instructions, which tells the computer how it is to respond to messages from the
outside world. From our point of view, the ROM and its programs are part of
the computer itself.

(a) The computing action takes place in the e

(b)  Another of the electronics that contains the Operating System is stored in
ROM, which stands for

— — ——— — — — — — —

(a) CPU (Central Processing Unit)
(b) Read Only Memory

3. We mentioned the “‘8K Operating System’’ that helps the computer inter-
pret our instructions to it. The *‘8K" is a way of measuring the size of computer
memory. The K stands for thousands of bytes of memory. Byte is a computer
term that refers to units of memory. Each memory byte can store approximately
one letter, number, or other character, so 8K can hold around 8 thousand
characters.

Therefore, 16K would indicate the capacity to store about
characters.

—— — — —— — — — —

16 thousand
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4.  Both the 400 and 800 have a second memory section called RAM or Ran-
dom Access Memory. This 1s where the computer stores information that you
enter through the keyboard. The amount of memory depends on which system
vou selected. We often refer to RAM memory as our workspace. We can write
in it or erase it with just a few keystrokes.

RAM is different from ROM, the Read Only Memory. The computer uses
the ROM, but ROM is permanent in that it cannot be erased or changed by ycu
from the keyboard.

Answer the following questions by writing RAM and/or ROM.

(a) Which can be erased?

(b) Which is permanent?

(c) Which has a size indicated by such notations as 8K? ___

(d) Which is used to store information entered from the keyboard?

(a) RAM
(b) ROM
(¢) RAM and ROM
(d) RAM

¥ If you have an ATARI 800 you can purchase extra RAM memory modules
to expand the workspace in your computer. You won’t need extra memory while
you are using this book, but in the future you may find you want to write longer
programs which require more RAM for storage.

Make sure you have the ATARI BASIC cartridge in the cartridge slot of
your computer (follow the instructions in your Operators Manual). Inserting a
cartridge does for the computer what adding an extra piece of already-educated
gray matter would do for your brain. It makes the memory bigger and gives it
more information. This cartridge contains another preprogrammed 8K ROM; the
computer instantly knows how to speak ATARI BASIC when this cartridge is in
place. Now you need to learn ATARI BASIC to communicate instructions to the
computer. A set of one or more instructions to the computer is called a pro-
gram. Your program. or instructions, must be entered or typed into the compu-
ter in BASIC, following the rules for BASIC you will learn in this book. Your
instructions to make the computer do what you want it to do.

and following the rules of BASIC, is called a

program
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6. Let’s pretend you are typing a program into the computer. As soon as the
computer receives a character from the keyboard (as you begin typing) it displays
that same character on the television screen, thus providing us with a record of
what we have typed.

Therefore, the television screen is an ouwtput device, for it takes what you
put in, and puts it back out again. This allows you to make sure that you did, in-
deed, enter what you thought you did. Later, when the computer follows the in-
structions in your programs, the results are also displayed on the screen. This is

another example of the TV as an device.

T — — — — — — — — —

7. Look at the photo of the ATARI 400 computer connected to a television on
page 2.

(@) We use the keyboard to type information into the computer. What happens

to the information that we type?

(b) How does the computer communicate with us, the users?

— — — — c— — — — — —

(a) It is sent to the computer and then printed on the screen.
(b) It prints information on the screen.

8. After you have learned how to write programs for your ATARI computer,
you may want to “'store” them someplace. Then you won't have to retype your
programs each time you want to use them. Since you can’t “'store”” programs in
the computer’s memory, you will need an external memory storage device. You
can choose to buy cither a program recorder (similar to a home cassette re-
corder) or a disk drive.

Both the program recorder and the disk drive can be used to store or save
your computer programs and information (called data) such as mailing hists, rec-
ipes, appointments. and budget or accounting figures. Once you have mastered
the BASIC computer language. you will find this kind of storage device quite
handy and easy to use. However, in this book you need only the three main
parts of a computer system we have discussed earlier. which are

a computer, a keyboard, and a TV screen
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9. Think back over frames 1 through 8. We have described the ATARI com-
puter. For our purposes, the important ingredients are:

(1) The computer itself—the central processing unit with its supporting
electronic circuitry hidden away inside the console.

(2) An input device—the keyboard, which we use to type information into
our computer.

(3) An output device—the TV screen, which displays information typed
on the keyboard and/or sent by the computer.

(4) BASIC installed in the computer, ready to go.

In this book, we will show you many programs in ATARI BASIC, and will help
you learn to read, understand, and use these programs for your own enjoyment.
We will concentrate on applications that we think will be of interest to users of
home/school/personal computers. And so . . . for our appetizer, a computer
game.
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199 REMARK *** THIS IS A SIMPLE COMPUTER GAME These lines, down to
112 LET X = INT(IP2D*RNDI{1))+41 the\Nord RL”Q are a
128 PRINT '

132 PRINT "I'M THINKING OF A NUMBER FROM | TOo 1pg." COmputler program.
148 PRINT "GUESS MY NuMBER!'!'"
158 PRINT ¢ PRINT "YOUR GUESS'"3; : INPUT G

162 IF G<X THEN PRINT "TRY A BIGGER NUMBER.'" : GOTO 158

178 IF G>X THEN PRINT "TRY A SMALLER NUMBER.'" : GOTO 152

188 IF G6=X THEN PRINT "THAT'S IT!!! YOU GUESSED MY NUMBER.'" : GOTO 110
RUN

I'M THINKING OF A NUMBER FROM 1 TD

100, W
GUESS MY NUMBER'!' >

And this 1s what the computer prints on

YOUR GUESS? 58
TRY A BIGGER ~uM‘B\ the screen.

The guesses are typed by the computer
YOUR GUESS? 75

TRY A SMALLER NUMBER. USET.

This part is called a RUN of the pro-

gram. The computer generates a random

number from 1 to 100. The player types

YOUR GUESS? S8 in guesses. After each guess, the com-

TRY A BIGGER NUMBER. puter types a clue to help the player
make a better guess.

YOUR GUESS? 65
TRY A SMALLER NUMBER.

YOUR GUESS? 62

TRY A SMALLER NUMBER. If this sounds confusing, read on! All
will be revealed. And it won't be long
YOUR GUESS? 60 before you can read and write programs

TRY A BIGGER NUMBER.

like this in BASIC.

YOUR GUESS? 61
THAT'S IT!!! YOU GUESSED MY NUMBER.

I'M THINKING OF A NUMBER FROM 1| TO 1292.
GUESS MY NUMBER!!!

YOUR GUESS? And so on. Chances are that the com-
puter will have a different number this
time.

Look again at the program shown in our computer game. The program
consists of nine (9) lines, each containing one or more BASIC statements. Each
line begins with a line number.

This is a line number.

I"Ll

139 PRINT "I'M THINKING OF A NUMBER FROM 1 TO 188."
L N

This is a statement.
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In our program, each numbered line contains one or more BASIC

. The numbers, 100 through 180, are called

statements; line numbers

10. The program in frame 9 was typed, one line at a time, on the keyboard. As
we typed it, the program was stored in the computer’s memory and also

displayed on the

— — — — — — — — — —

TV screen (or video screen)

Note: The TV screen can hold up to 24 lines. So, if the screen is filled, new in-
formation typed in will cause old information to be “‘scrolled up’ or *‘pushed
off”’ the top of the screen.

11. First, we typed in the entire program (lines 100 through 180). At the end of
each line we pressed the RETURN key. This process is called ‘‘entering the pro-
gram.”’ This stored the program in the computer’s memory. Then we typed
RUN. This tells the computer to RUN, or carry out, the program. Computer
people also say ‘‘to execute the program.” In other words, after storing the pro-
gram, we then told the computer to follow the instructions (statements) of the
program, or execute the program,

If there is a program in the computer’s memory, then typing RUN tells the

computer (0

— — — — — — — —— —

carry out or execute the instructions in the program.
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12. During the RUN, the computer obeyed the instructions (statements) i the
program, as follows: First, the computer generated a random number f1om | to
100, inclusive (line 110). This number is an integer—a *‘whole’’ number with no
fractional part.
Tells the computer you want numbers to be random.
[ v Tells the computer the lowest number will be |,
112 LET X = INT(1PA*RND{1))+]

t - Multiplication sign

Tells the computer the highest number will be 100
Tells the computer you want a “whole™ number

Next, the computer typed instructions to the plaver (lines 130 and 140).

180 REMARK *** THIS 1S A SIMPLE COMPUTER GAME
120 PRINT

138 PRINT "I'M THINKING OF A NUMBER FROM 1 TO 120."
148 PRINT "GUESS MY NUMBER!!!"

Then, you told the computer to ask for a guess (line 150)

152 PRINT : PRINT "YOUR GUESS''3y INPUT G

After the player typed a guess, and pressed the RETURN key, the computer
compared the guess with its secret number and gave the player the appropriate
response (lines 160, 170, and 180).

162 1F G<X THEN PRINT "TRY A BIGGER NUMBER." : GOTD 158
178 IF G>X THEN PRINT "TRY A SMALLER NUMBER." : GDTO 15@ )
182 IF G=X THEN PRINT "THAT'S IT!'! YDU GUESSED MY NUMBER." : GOTD 1182

If the player did nor guess the computer’s number, the computer went back 1o
line 150 and asked for another guess. But, if the lucky player did guess the secret
number, the computer acknowledged the correct guess and went back to line 110
to ““think’ of another number.

122 REMARK *** THIS IS A SIMPLE COMPUTER GAME

Oh yes, line 100 is a REMARK statement. It doesn’t tell the computer to do
anything. It is simply included to tell something abour the program to us humans
who may read the program itself.

What do we type to instruct the computer 1o execute or carry out a

program?
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Now, to see how much you’ve learned from this first chapter, try the Self-
Test. Then on to Chapter 2 where you’ll learn how to actually use the
computer.

SELF-TEST

Try this Self-Test, so you can evaluate how much you have learned so far.

1. What does your computer use for an output device?

2. What do the following abbreviations stand for?

(a) CPU
(b) RAM EEa
(c) ROM

3.  Since a computer doesn’t have legs, what do we want a computer to do

when we tell it to RUN?

Answers to Self-Test
The frame numbers in parentheses refer to the frames in the chapter where the
topic is discussed. You may wish to refer to these for quick review.
1. A screen or television set (frame 6)
2. (a) Central Processing Unit or computer
(b) Random Access Memory or user workspace
{(¢) Read Only Memory (frames 2, 4)

3.  Execute the program (follow the instructions we give it) (frames 11, 12)

R R R R R RRRRRORRORRRRRRRERR i U, - -




CHAPTER TWO

Getting Started

To get you started in computer programming in BASIC, we will now introduce
you to some of the statements used to instruct the computer, that is, to tell it
what you want accomplished. In this chapter, you will use the direct, or im-
mediate, mode of operation. Using direct mode, vou tell the computer something
to do, and it does it immediately. When you complete this chapter, you will be
able to:

* use direct statements to instruct the computer;
® recognize error messages from the computer;

* use the PRINT statement with quotation marks to print strings
(messages);

® correct typing errors or delete a statement with errors:
* use direct statements to do arithmetic;

® compute values of simple mathematical expressions using the symbols
and rules of BASIC for arithmetic:

* recognize and convert floating point or E notation to ordinary numbers.

1. Now we begin ‘‘talking’” with the computer. We assume that your ATARI
computer system is set up and ready to go, with the BASIC language cartridge
inserted in the language cartridge slot. You can find directions on how to do this
in the Operators Manual for your computer. If you own an ATARI 400, you will
consult the very friendly and helpful ATARI 400™ OPERATORS MANUAL. If
you are using an ATARI 800, you will avidly peruse the ATARI 800™
OPERATORS MANUAL. As you work through this book, you will find your
ATARI OPERATORS MANUAL a constant source of know-how and inspira-
tion!
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Ready? Turn on the computer.* CLICK! The TV screen will look like this:

The tiny rectangle is called the \ -

CURSOR. When you see it, you

know that it is your turn to do
something.
. S
c
0 1‘1““”

READY

Your ATARI computer is ready for you to use. You know that it is ready
because it typed READY and turned on the tiny rectangle called the

Cursor

2.  We will, of course, use the keyboard to communicate with the computer.

08HE080080066ED
| 2 3 5 6 7 < > hais b
SOo000600000836D
0000000008888
ECDODODDe880E
IS ——

In the diagram, there is a large black arrow pointing to the key labeled

RETURN

*Remember, we assume that you know how to hook up the various components of your
ATARI system and turn it on. If not, consult your friendly ATARI OPERATORS
MANUAL.
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3. Your computer is waiting patiently for vou to do something. So, try this:
Type your name and press the RETURN key. The computer will probably print
an error message on the screen. Here is what happened when Karl typed his
name,

Karl typed his 7=
name KARL B
As he typed, the cursor moved to
the right.
Then, Karl pressed the RETURN key.
Karl typed this ( KARL
It* typed this ERROF — kArl B— l'he error is marked
by a tiny rectangle.
in “‘inverse video."'
and then turned >
on the cursor,
Hmmm . . . Why did that happen? Well, you see, the computer is of quite

limited intelligence. It simply did not understand the word, KARL.
(a) If you type something, then press RETURN, and the computer types

ERROR, what is the computer trying to tell you?

(b) After typing ERROR— KARLN, what did the computer do?

—" — — — — —— — — —

(a) It does not understand you.
(b) It turned on the cursor.

The cursor is the computer’s way to let you know that everything is OK. No
damage has been done. The computer is very patient and forgiving. After you
make a mistake, it will display the error and then turn on the cursor 1o let you
know it is ready for you to try again.

*By ir, we mean the computer. Saves space in writing this book!

—
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4. Find the |SPIFT | pov and the CLESAklkey. Press the SHIFT key and,

while holding it down, press the CLEAR key. The screen will now look like this:

Only the
cursor remains

If it doesn’t look like this,
try again!

Except for the cursor, the screen is blank! Pressing SHIFT and CLEAR simul-
tancously erases the screen, leaving only the cursor in its home position.

(@) Where is the home position of the cursor?

(b) To clear the screen and home the cursor, press

and , together.

(@) In the upper left corner of the screen.
(b) SHIFT; CLEAR

Another way to clear the screen and home the cursor is to press and hold the
CTRL key and then press the CLEAR key. C'TRL 1s an abbreviation for CON-
TROL. The CTRL key is located on the left of the keyboard. directly above the
SHIFT key. This CTRL key is similar to the SHIFT key in that you use it only
in connection with other keys. If you press it without pressing another key at the
same time. nothing happens.
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5.  To avoid misunderstandings with a computer, we must learn its language.
We will start with some simple, one-line statements that the computer does

understand.
In this chapter we will use direct statements. Direct statements do not have

line numbers. When you type a direct statement and press RETURN, the com-
puter executes the statement immediately, then forgets the statement. We call this
BASIC’s direct mode of operation. Here is another example of a statement that
is “‘executed in direct mode."”

Then we press RETURN.

We type: PRINT ""MY HUMAN UNDERSTANDS ME"

It types: MY HUMAN UNDERSTANDS ME

Now you complete the following.

We type: PRINT "BURGLARS ARE IN THE MOUSE!"

It types: 3

BURGLARS ARE IN THE HOUSE!

Along with the burglar message, we could also arrange (as we will see later) to
have the computer sound an audible alarm. For example, it might play The
Jailhouse Blues in four part harmony! Hopefully, this might remind the burglar
of the possible consequences of crime and thus prevent the attempted theft. More
about that later!

i
\
N
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6. The statement PRINT “MY HUMAN UNDERSTANDS ME" is called a
PRINT statement. It tells the computer to print something on the screen. The
computer prints the verbal message following the word PRINT. Note that the
message is enclosed in quotation marks. This message, enclosed in quotation
marks, is called a string.

PRINT ""MY HUMAN UNDERSTANDS ME"

1 1
!

This is a string. It is enclosed in
quotation marks. The quotation
marks enclose the string, but are
not part of the string.

A string may include:
Numerals (0, 1, 2, . . .)
Letters (A, B, C, . . )
Special characters (+, -, *, /,”~, comma, period, etc.)
Since quotation marks define the beginning and the end of a string, do you

think they can be used as a character in the string?

No, they cannot. (That would really confuse the computer!) However, single
quotes (') can be used in a string. For example:

We type: PRINT "THEY SAID, 'ALL RIGHT.'"

It types: THEY SAID, 'ALL RIGHT.'

Complete the statement so that the computer types what we say it types.

We type: pPrRINT

It types: THE ROAST IS CONE. TURN OFF THE DVEN.

"THE ROAST 1S DONE. TURN OFF THE OVEN."

Did you remember the quotation marks? Someday, of course, the computer will
turn off the oven! Almost anything electric can be controlled by the computer,
with the proper electronic connections and program, of course.
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7. Have you made any typing mistakes yet? In case you should make a typing
error, BASIC has a dandy way of fixing it. Watch while we make a typing error.

We Lype: PTINT "DENTIST APPOINTMENT TODAY"
It types: ERROR -~ PTINT [IDENTIST APPOINTMENT TODAY"

We misspelled PRINT, so the computer doesn’t know what we want. However, if
we had noticed that we hit T when we meant to hit R, we could have corrected
our mistake by using the DELETE BACK S key. Each time we press this key, the
cursor moves back (to the left) one space and erases the character in that space.

We type f ABCCE B \
Then press DELETE BACK S ABCO N
Press DELETE BACK S again ABC B

and yet again FY:N |

What will happen if we press DELETE BACK S two more times?

T — — — —  — — — — —

The cursor will move two places to the left, erasing A and B.

8.  Complete the following so that the computer prints what we want it to
print.

We lype: Primr —— "TOMORROW IS YOUR MOTHER'S BIRTHDAY!!!"

It types: ToMorRROW IS YOUR MOTHER'S BIRTHDAY!!!

— — — — —— W— — — —

DELETE BACK S DELETE BACK S NT

Remember: To delete the last character typed, press DELETE BACK S. To
delete two characters, press DELETE BACK S twice. And so on.
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9.  The DELETE BACK S key is great for deleting errors that you have just
made. But, suppose you are typing a long line and are almost to the end when,
alas, out of the left corner of your left eye, you spot a mistake way back at the
beginning. If you complete the line and press RETURN, you will probably get an
error message. You would like to just abort the line—that is, erase it from the
beginning.

Well you can! Hold down the SHIFT key and press the DELETE BACK S
key.

We type: PRIMT "ONCE UPON A TIME THERE WAS A

We press SHIFT and
DELETE BACK S

together.

The computer erases the entire line and turns on the cursor. Whenever we see the
cursor, what is the computer telling us?

It is our turn to type.

10. We can also tell the computer to do arithmetic and print the answer. In
other words, we can use the computer as a calculator.

We type: PRINT 7 + S

It types: 12

The statement PRINT 7 + 35 tells the computer to compute the value of 7 + 3
(do the arithmetic) and then print the answer.

Note that calculations are entered to the computer without using quotation
marks. Compare the formats below.

We type: PRINT "13 + 6" We type: PRINT 13 + 6
It types: 13 + 6 It types: 19
PRINT "13 + &" PRINT 13 + 6

ey oy

This is a string. The computer prints This is a numerical expression (no
it exactly as it appears. quotation marks). The computer does
the arithmetic and prints the result.
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Your turn. Complete the following, showing what the computer typed.

We type: PRINT 23 + 45

It types:

Wetype: PRINT 1 + 2 + 3 + 4 + 5

It types:

We type: PRINT "1 + 2 + 3 + 4 + 5"

It types:

68
15
1 42 + 3 + 4 4+ 5

11. Subtraction? Of course.

We type: pPrINT 7 - s

It types: 2

We type: PRINT 25.68 - 37.95

It types: -12.27

Complete the following, showing what the computer typed.

We type: PRINT 29 - 13

It types:

We type: PRINT 1508 - 2008

It types:

We type: PRINT "1580 - 2028"

It types:

16
-5028
1588 - 2808

Uh oh! Overdrawn.
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12. BASIC uses + for addition and - for subtraction, just as we do with paper
and pencil. However, for multiplication. BASIC uses the asterisk (%) instead ol
the ““times™ (x) sign.

We type: PRINT 7 * 5

It types: 35

We type: PRINT 1.23 * 4.567

It types: 5.61741

We type: PRINT 9 * 8

It types:

We type: PRINT 3.14 * 29

It types:

72
62.8

13. For division, use the slash (/).

We type: PRINT 7/5

It types: 1.4

We type: PRINT 13716

It types: 2.8125

We type: PRINT 24/3

It types:

We type: PRINT 3.14/4

It types:
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14, The computer will print up to 9 or 10 digits as the result of an arithmetic
operation. If the true result would have more digits, the printed result will be
truncated (chopped) to 9 or 10 digits.

We type: PRINT 1.2345 * 6.78999

It types: s.38224265 Complete answer is 8.382242655 which
has 10 digits.

We type: PRINT 1/3

It types: 2.3333333333 Complete answer cannot be given with a
finite number of digits. It goes on
forever as a repeating decimal.

We type: prRINT 2/3

It types: o.6666666666 Truncated at the 10th digit.

Suppose the complete result of an arithmetic operation is 1.234567898765. What
might the computer print? o
Suppose the complete result is 3.14159265359. What might the computer print?

1.23456789 DR 1.234567898
3.14159265 DR 3.141592653

15.  Write PRINT statements to tell the computer to evaluate each of the
following numerical expressions. Also show the result printed by the computer.

Numerical expression PRINT statement and result
(a) 10 + 6

(b) 15-8

(€) 23723 -

(d) 3x13
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(¢) 8+3

(H 120+ 7

(a) PRINT 12 + 6
16

(b) PRINT 15 - 8
7

(C) PRINT 23/5
4.6

(d) PRINT 3*13
39

(¢) PRINT 8/3 Truncated to nine digits
2.6666666

() PRINT 120/7 . .
17.14295714 Truncated to ten digits (We will also accept 17.1429571)

16. The computer does arithmetic in /eft to right order, with all multiplications
(*) and/or divisions (/) performed before additions (+ ) and/or subtractions (-).

= +
before

/ -

Shown below are some BASIC expressions in which two or more operations
are used. For some of these expressions, we have shown the value computed by
the computer after it does the indicated arithmetic. You complete the rest by
typing PRINT followed by the expression and pressing RETURN.

Expression Value computed How it did the

by computer arithmetic
2*3-4 2 2*3-4 = 6-4 =2
2+3%4 14 2+3*4 =2 + 12 + 14
2"3 +4%5
2+ 3%4-5

2*3 + 4%5-6*7

26 2*3+4*5 = 6 + 20 = 26
Y 2+43%4-5=2+12-5=9
-16 2*34+4*5-6*7 = 6 + 20-42 = -16
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17. Here are more examples and exercises, using division (/). Study the ex-
amples and then complete the exercises. Be sure to follow the computer’s order
described in frame 16.

Expression Value computed How it did the

by computer arithmetic
3/4+5 5.75 3/4+5 = 7545 = 5.75
2-3/4 1.25 2-3/4 = 2-.75 = 1.25
2*3+4/5 6.8 2*3+4/5 = 6+.8 = 6.8
3/4 +5%6 S
2-3/4+5

30.75 3/4+5% = .75+30 = 30.75
6.25 2-3/4+5 = 2-.75+5 = 6.25

18. Following the computer’s rules, give the computed value for each of the ex-
pressions below. (Remember, do arithmetic in left to right order.)

Expression Value computed by computer

2*3/4
3/4*5
3/4/5 .
2*3/4+3/4*5

| 6 Multiply 2 by 3, then divide result by 4.

3.75 Divide 3 by 4, then multiply result by 5.

0.15 Divide 3 by 4, then divide result by 3,

5.25 First compute 2*3/4, then compute 3/4*5, then add the two results.
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19. For each of the following numerical expressions, show the order in which
the computer does the arithmetic by putting numbers 1, 2, or 3 in the circles
above the operation symbols. We have completed the first three for you.

a) 2+4-4 (b) 253%4
@i Q
lc) 2*3/4 d 2/3/4
f'—} Y () et D
il Sl - o TR e, o
(e) 2+8%4-2 f) 2-3*%4+1
QOC oje
(g 2+3/4%*2 (h) 2+3 *4
@ ‘:5
(d) 2/3/4
ORORO @) (V) (3)
i T T T '
(e) 2+ 3%4-2 (f) 2-3*4+1
(3 (1) () (2) (1)
3 (e 2L
) 2+3/4%*2 (h) 2+3*4

20. If you want to change the order in which operations are done by the com-
puter, use parentheses. Operations in parentheses are done first.

Starting with the leftmost inner set of parentheses, the computer does
arithmetic within each set of parentheses in left ro right order, with all multiplica-
tions (*) and/or divisions (/) before additions ( + ) and/or subtractions (-).

* @

before
/
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Look at these examples of how the order of operations can give different results.

2%3+4 =10
but 2%(3+4) = 14 Compute 3 +4 first because it is inside
the parentheses, then multiply the result
by 2.
2+3*%4+5 =19
but (2+3)*(4+5) = 45 Compute 2 + 3, then compute 4 + 5, and

then multiply these two results.

Complete the following.

Expression Value computed by computer

(2+3)/(4*5) : . .
2+3*%4+5)

1/(3+5)

0.25 (2+3)/(4*5) = 5/20 = .25

29 2+3%4+5) = 2+3*9 = 2+27 =29

0.125 1/3+5) = 1/8 = .125

21. Let’s take another look at the order in which arithmetic is done. In the ex-
pressions below, the numbers in the circles show the order in which the opera-
tions are carried out. Write the final value for each expression. The operations
are always done in the innermost set of parentheses first.

Expression Value computed by computer
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22. Your next task is to write a proper PRINT statement to tell the computer to
compute and print the value of each expression listed below. We have shown the
actual value printed by the computer. Remember to indicate all multiplication
and division operations with the proper BASIC symbol.

Expression PRINT statement Result
Z2X3+6+17 6.85714285
16(33 - 21) 192

314X 2X 2 12.56

88 - 52 0.5538461538
18 + 47

— — — — — — — — — —

PRINT 2%346/7

PRINT 16*(33-21) (Did you remember the asterisk?)
PRINT 3.14%2%2

PRINT (88-52)/(18+47)

23. For each numerical expression, show the order of operations by putting
numbers 1, 2, 3, and so on, in the circles above the operation.

N 7 ¥ e TS o, WY s PN
L) Il\_> L sole ] .

¥ T A < s
(a) 2+ (3-4) (b) 2/(3/4)*(2+ 3)
e —\ _\' g ¥ l:,' ‘\I
kr’ (;/ S I
(¢) 2/(3*4) (d) (2+3)*% 4
& ) ) G
2 e 2 o il A
() (2+3)/(4+1) (f) 2/(3+4)
Y el ) ( ) l/_—\‘:u ( N ) \
kl. by O Q;) kT/ e LRI o
(g) 2+((3+4)+8) (h) 1+1/(2+1/(83+1/}4))
@ ONORCHNEY
I 7 T 3 ! 1
(a) 2+(3-4) (b) 2/(3/4)*(2+3)
@ @ DREY
b | i
(¢c) 2/(3*4) (d) (2 + 3)* 4
) 3 (@ () (1)
E 4 1 1 T y
(e) (2+3)/(4+1) (f) 2;’_(31—4)_
(3 O) (2) o & (v 3 @ ()
: 1 1 ¥ T o T T P!
(g) 2+((3+4)+8) i) L+ (2% (31 a)
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24,

“ means raise to a power

There is a fifth arithmetic symbol in BASIC, which indicates raising a
number to a power. This operation is called exponentiation.

SHIFT %

The volume of a cube is a good example of how exponential numbers are used.

We press the

SHIFT

and *

number to a power,

We type:
It types:

PRINT & © 3

124,99959998

Volume of a cube: V = 8-, where
S is the length of a side.

SJ
This is
called a

superscript

If S=5and V= 57, then
V=53=5X 5X 5=125.

keys together to tell the computer to raisc a

(573 means 5' or 5x5x5)

Hmmm . . . Call it 125. Since the computer
uses the logarithm of a4 number in comput-
ing exponentiation, you will never see it
print a ““whole™ number.

Now complete the following. Give your answers as whole numbers.

We type:
It types:

We type:
It types:
We type:

It types:

We type:
It types:

PRINT 2

-~

3

-~

PRINT 2 “

-~

PRINT 2 5

~

PRINT 7 2

= 2X2X2 = 8 (The computer gave 7.99999986)
= 2X2X2%2 = 16 (The computer gave 15.9999993)
= 2X2X2X2X2 = 32 (The computer gave 31.99993444)
= 7X7 = 49 (The computer gave 48.99999631)
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25. Write a PRINT statement to evaluate each expression. We have supplied
the results.

Expression PRINT statement Result

3’ 2187

8X8X8X8X 8 32768
(Use *)

1.06'° B 1.79085

3?2 + 42 25

PRINT 3 © 7

PRINT 8 = 5 (PRINT 8*s8*s*s*s will also produce the desired result.)

PRINT 1.86 ~ 1@

26. Suppose we put $123 into a savings account that pays 6% interest per year,
compounded yearly. The amount of money in the account after N vears can be
computed using the compound interest formula shown below.

A = P(1 + R/100)¥

where:

P = Principal, or original amount put into the account.
R = Rate of interest per year, in percent.

N = Number of years.

A = Amount in account at the end of N years.

In our problem, P = $123, R = 6%, and we want to know the value of A for
N =2, N=5§,and N = 12 years.

We type: PRINT 123%(1+6/188)"2

It types: 138.203 - After 2 years

We type: PRINT 123*(1+6/102)"5

[t types: 164.682 - After S years

Your turn. Write the PRINT statement for N = 12. We have supplied the result
printed by the computer.

We type:

[t types: 247.s - After 12 years our money doubled.

PRINT 123*%(1+6/1288)712
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27. Computers use a special notation to indicate very large numbers, or very
small decimal fractions. This method of representing numbers is called floating
point notation. You decipher it in the same way you do the scientific notation
commonly used in mathematics and science rextbooks.

For example, the population of the earth is about 40 billion people.

40 billion = 40,000,000,000

Now let’s ask the computer to print the population of the earth.

We type: PRINT 40000030800 ~— No commas. See note
below,
It types:  4e+19 - What's this?

Our ATARI computer printed 40 billion as a floating point number. Read it as
follows.

4E + 10 = four times ten to the tenth power, or
4E+10 = 4 x 10"

Floating point notation is simply a shorthand way of expressing very large or
very small numbers. In floating point notation, a number is represented by a
mantissa and an exponent,

4E + 10 4.652E + 10
A L'_J R (B
| I
Mantissa Exponent Mantissa Exponent

The mantissa and the exponent are separated by the letter

T — — — — —— — — —

NOTE: In typing numbers into the computers, we may nof use commas as we
normally do when writing numerals. Commas have a special use in BASIC
PRINT statements. Please be patient. We will get to it soon.

28.  Here are some examples showing numbers in good old everyday notation,
in floating point notation, and scientific notation.

One trillion
ordinary notation: 1,000,000,000,000
floating point notation: 1E + 12
scientific notation: 1 x 10"

Volume of the earth in bushels
ordinary notation: 31,708,000,000,000,000,000,000
floating point notation: 3.1708E + 22
scientific notation: 3.17 x 10*
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Speed of a snail in miles per second
ordinary notation: .0000079
floating point notation: 7.9E-6 (Exponent is negative.)
scientific notation: 7.9 x 10°°

In each floating point number above, underline the mantissa and circle the
exponent.

161D
3.1708 E (+ 22)
19EC 6D

29. Here are more examples, showing how the ATARI computers print floating
point numbers.

We type: PRINT 123456789

It types: 12345789

We type: PRINT 12345678899

It types: 1.234567BBE+12

We type: PRINT 12345678020

It types: 1.2345678E+12

Our ATARI computer prints at most nine digits for the mantissa and chops the
mantissa at the ninth digit. The mantissa is printed as a nonzero digit to the left
of the decimal point and up to eight digits to the right of the decimal point.

We type: PRINT 333333333333

It types:

We type: PRINT 666666666666

It types:

3.33333333E+11

6.66666666E+11
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30. It works the same way with very small numbers.

We type: PRINT .80800881234567889

It types: 1.23456 nae-!é_____,/" Negative exponent

We type: PRINT .0000801234567884

It types: 1.zsossraae—s?é___,.——~" Negative exponent

The mantissa is printed with how many digits to the left of the decimal
point? With hov, many digits to the right of the decimal
point?

— — —— — — — — — —

one; eight (See frames 28 and 29 for examples of mantissas with fewer than 8
digits to the right of the decimal point.)

31.  Numbers printed in floating point notation can be converted to ordinary
notation, as follows. When the exponent is positive, we do the following,

(@) Write the mantissa separately.
(b) Move the decimal point of the mantissa to the right the number of
places specified by the exponent. If necessary, add zeros.

Example: 6.12345678E + 08

(a) 6.12345678 (b) 6@ (Move point 8 places.)
Therefore, 6.12345678E + 08 = 612,345,678

Example: 4E + 09

(a) 4. (b) 4.00\0(7)(1@. (Move point 9 places and add 9
Zeros.

Therefore, 4E + 09 = 4,000,000,000

Now you try it; 1.2345678E + 13

(a) (b)
Therefore, 1.2345678E + 13 =

— ——— — — —— — —

(a) 1.2345678 (b) 1.2345678000000 (Move point 13 places.)
12,345,678,000,000
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32. When the exponent is negative, we simply change the direction that the
decimal point moves.

(a) Write the mantissa separately.
(b) Move the decimal point of the mantissa to the /efr the number of
places specified by the exponent. If necessary, add zeros.

Example: 7.9E-06
(@ 7.9 (b) .M9 (Move point 6 places and add 5 zeros)
Therefore, 7.9E-06 = .0000079

Your turn. 1.23456E-08
(a) (b)
Therefore, 1.23456E-08 =

(a) 1.23456
(b) .Q0000001.23456
0000000123456

33.  Write each of the following floating point numbers in ordinary notation.
Floating point notation Ordinary notation

(a) 1.23456E +06
(b) 1.23456E-06
(c) 1.23456E +07 =
(d) 1.23456E-09
(¢) I1E+11

() 1E-11

(a) 1234560 or 1,234,560
(b) .00000123456

(¢) 12345600 or 12,345,600
(d) .00000000123456

(e) 100,000,000,000

() .00000000001
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34.

Write each of the following numbers in ATARI BASIC floating point notation.

Ordinary notation

(a)
(b)
(c)
(d)

P
o
T—

1,234,560,000
.000000123456
10,000,000,000
.000000001
1234567888888
.000001234567888888
6.02 x 10* (See note.)
1.67 x 107" (See note.)

35.

1.23456E + 09
1.23456E-07
1E + 10

1E-09

Floating point notation

1.23456788E + 12 Mantissa truncated to 9 digits
1.23456788E-06 Mantissa truncated to 9 digits

6.02E + 21
1.67E-11

Perhaps you have heard of the ancient story of the wise person who did a
great service for a wealthy king. The king asked this person what reward would
be appropriate. The person’s request was simple. She asked only for grains of
wheat, computed as follows. For the first square on a chess board, one grain of
wheat; for the second square, 2 grains of wheat; for the third square, 4 grains of
wheat and so on, doubling at each square. It goes on as shown below.

Square number

e = BN R . o B

Grains of wheat
1
2
4
8
16
32
64
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And so on. For square N, there will be 2™ grains. Let’s find out how many
grains on square 16.

We type: PRINT 2 * 15 Since N=16, N-1=15.

It types: 32768

Your turn. Write a PRINT statement to find out how many grains of wheat for
square number 64.

We type:

It types: 9.2233704E+18 That’s a lot of wheat!

-~

(463 c-';"

S e n e :
< h 0-._. S 4% t
‘ .. -
" i

C

Vi

43

SUORIREE 55

iR
¥ AR,

WVUIANYY t
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SELF-TEST
Try this Self-Test, so you can evaluate how much you’ve learned so far.

1. In this chapter, we used direct statements. Direct statements do not have
line numbers. When we type a direct statement and press RETURN,

what does the computer do? . e

2. Assume that you are typing a statement into the computer, and you make a

typing error. How would vou correct the error?

3. Write the symbols used in ATARI BASIC for the following arithmetic
operations.

addition
subtraction
multiplication
division
exponentiation
(raising a number to a power)
4.  Complete the following.
We type: PLEASE DD THE HOMEWORK ON PAGE 157

It types:

5. Complete the following.

We type: PRINT "PLEASE DO THE HOMEWORK ON PAGE 157"

[t types:

6. Complete the following.

We type:  PRINT 9*37/5+32

It types:
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¥

10.

11:

The formula to convert temperature from degrees Fahrenheit to degrees
Celsius is shown below,

s e
C 9(b 32)

Degrees Celsius—f T
Degrees Fahrenheit

Write a PRINT statement to tell the computer to compute and print the degrees
Celsius (value of C) if F=72 degrees.

Complete the following.
We type: PRINY "THE QUICK RED FOX JU SHIFT | |DELETE BACK S

[t types:

What does the following statement tell the computer to do?
PRINT 23 + 45

Indicate which of the following numerical expressions are valid, as written,
in BASIC.

— (a) 2*3*4*5
— (b 7(8+9)
—_— () 1.23+4.567
_— () 372+472

!
Tkl A7 e09

e ) 1 +:7/100)
RRER () e o s

For each invalid numerical expression in problem 10, write a valid BASIC

numerical expression.
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12.  For each of the following numerical expressions, show the order in which
the computer does the arithmetic by putting numbers 1, 2, 3, and so on, in
the circles above the operation symbols.

Oy O
(D4
(a) 2+4-4 (b) 2 %3 %4
SEP Q)C)
(c) 2%3/4 ) 2/3/4
OO
w)273;4 (f) CQ;?4
Q0 e
(g) 2+3/4 (h) 2A3 %4
e
(i) 2*¥3A4 () 2A3/ 4
QG QO
(k) 2/3n4 () 2A3A4
Q QO QQQQQ
(m) 1+2*3A4 (nN) 2*8-4A3+5A2

13. For each numerical expression, show the order of operations by putting
numbers 1, 2, 3, and so on, in the circles above the operation.

(@) 2+(3-4) (b) 2/(3/4)
() 2/(3*4) (d) (2-3)*4
() (2+3)/4 (f) 2Aw§z)
P QO
2
(8) 2A(3A4) (h) 1+1/(2+1/(3+1/4))

14.  Write each of the following floating point numbers in ordinary notation.

Floating point notation Ordinary notation
(a) 1.23456E +05 o

(b) 1.23456E-05
(c) 1.23456E + 08
(d) 1.23456E-08
(e) 1E+12

() 1E-12
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15.

Write each “‘ordinary’” number in ATARI BASIC floating point notation.
Ordinary notation Floating point notation.

(a) 1,234,560,000,000
(b) .00000000123456
(c) 10,000,000,000
(d) .0000000001 S
(e) 12345678999

(f) .00000123456789

(g) 6.02x10* (See note.)
(h) 1.67x10 %' (See note.)

Note: The numbers in (g) and (h) are written in scientific notation common-
lv used in mathematics and science.

Answers to Self-Test
The frame numbers in parentheses refer to the frames in the chapter where the
topic is discussed. You may wish to refer to these for quick review.
Executes the statement, then “‘forgets” it (frame 5)

Press DELETE BACK S to delete the mistake, then type the correct
character (frames 7-9)

addition +
subtraction =
multiplication ®
division /
exponentiation ~
(frames 10-24)
ERROR - PLEASE DO THE HOMEWORK (The computer does not

understand what we want.) (frame 3)
PLEASE DO THE HOMEWORK ON PAGE 157 (frames 5-6)
08.6 (frames 16-24)

PRINT 5/9*(F-32) or PRINT (5/9)*(F-32) Did you remember the
asterisk? By the way, we will also accept PRINT 5%(F-32)/9 (frames
20-23)

Only the cursor shows. Entire line deleted. (frame 9)

Evaluate the numerical expression 23 + 45 and print the result. The com-
puter will add 23 and 45, getting 68, and print 68. (frame 10)
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10.

11.

12.

13.

Expressions (a), (d) and (g) are valid. In (g), the computer will evaluate
27272, as follows: 27272 = 472 = 16. In other words, the computer
will do it left to right, as if it were written (2 2) " 2. (frames 24-26)

(b) 7*(8+9)

(c) 1.23/4.567

(e) 1/(37-29)

(H (1+47/1000" 3
(frames 16-26)

© @
(a) 2 + 4 - 4
OR
I T
(c) 2*3 /4
Ol
T R A
() 2/3%*4
(@) ()
T ¥
(8 2+3/4
oJo

(1) 2*3A4

QO

(k) 2/3An4

(m) 1+2*3A4

(frames 16-25)

(a) 2+ (3-4)
®

(c) 2/ (3 *4)
%

(e) (2+3)/4

(g8) 2A(3A4)
(frames 16-25)

(b)

(d)

(f)

(h)

()

(1

(n)

(b)

(d)

(f)

(h)

I 2
2*3*4

00

2/3/4

@

3 *4

o)

2t3%*%4
|
2A3/ 4

O

2A3N4

QOOOQ

2%3-4NA8+5A2

® ©

2/(3/4)

T
A2

®®e O

1+1/(2+1/(3+1/4))
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14.

15.

(a)
(b)
(c)
(d)
(e)
()

123,456
0000123456
123,456,000
0000000123456
1,000,000,000,000
000000000001

(frames 29-34)

(a)
(b)
(©)
(d)
(e)
(N
(2)
(h)

1.23456E + 12
1.23456E-09
1IE+ 10

1E-10
1.23456789E + 10
1.23456789E-06
6.02E + 23
1.67E-21

(frames 29-34)




CHAPTER THREE

Assignment Statements,
Stored Programs, and Branching

This chapter introduces some of the most useful BASIC statements. From here
on, we ¢an work with more interesting programs to illustrate home, school, and
personal applications of computers.

In this chapter, you will learn the function and format for the statements
and commands listed below.

Statements: LET, INPUT, GO TO, PRINT, REMARK
Commands: NEW, RUN, LIST

You will learn how you can store programs for automatic and repetitive execu
tion. You will also learn about variables and be able 1o supply values for
variables used in BASIC programs. When you have finished this chapter, vou
will be able to:

® write programs in which values are assigned to variables by means of
LET statements or INPUT statements;
* distinguish between and use numeric variables and string variables;

® write programs in which a value calculated by a BASIC expression is
assigned to a numerical variable in a LET statement:

* store a BASIC program in the computer’s memory;

¢ crase an unwanted program from the computer’s memory, LIST a
program currently in the computer, and RUN (execute) a program;

* edit, correct, and delete statements in a stored program;

* write programs that use the GO TO statement to repeat a portion of a
program or to skip over a portion of a program;

* use REMARK statements to make programs more readable and
understandable by humans;

* write PRINT statements which identify printed results with descriptive
messages.

41
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To illustrate the concept of variable and the function of the LET statement

in BASIC, imagine that there are 26 little boxes inside the computer. Each box
can contain one¢ number at any one time.

A

|

G

7 H 0 Vv
5 [ P| 4E+09 | W
J 4 Q X 2.5
K Y
l S| -6 Z L
2 M T
N U

We have already stored numbers in some of the boxes. For example, 7 is in box
A and 5 is in box B.

(a)
(b)

What number isinbox F?
) T8 j¢. S
-6isinbox .
2.5 1s in box

What box contains a floating point number?

(@) 2; (b) 4; (¢) S; (d) X; (e) P (The floating point number is 4E +09.)

Boxes C and N are shown below. Use a pencil to do the following.

Put 8 into box C. In other words, write the numeral 8" in the box labeled
“C." Do this before you go on to (b).

Put 12 into N. Do this before you go on to ().

Put 27 into N. But wait! A box can hold only one number at a time. Before
you can enter 27 into N, you must first erase the 12 that you previously entered.

C N

Fill in the boxes before you look at the answer.
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3. When the computer puts a number into a box, it automatically erases the
previous content of the box, just as you did. In order to put 27 into box N, you
first erased the previous content, 12.

Wecall A, B, C, . . ., Z variables. The number in box A is the value of A;
the number in box B is the value of B; the number in box C is the value of C,
and so on.

We use the LET statement to instruct the computer to ““put a number in a
box.”” To say it more technically, we are assigning a numerical value to a
variable.

We type: LET A = 7 Put 7 into box A.

We type: PRINT A Prints the contents of box A.

It types: 7

In the above example. the variable s and the value assigned to it by
the LET statement 1s

A7

4.  Complete the following.

(a) Werype: LET x = 23 (b) We type: LeT z = -}
PRINT X PRINT Z
It types: . iivpess = =
(c) Wetype: LET A = 1 (d) Wetype: LeT o = 7
LET A = 2 LET w = D
PRINT A PRINT W
It types: It types:
(a) 23
(b) -1
(¢) 2 (The statement LET A =2 replaced the value previously assigned by LET
A=1))

(d) 7 (LET W=D copies the value in D into W. The value is still in D, also.)
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5.  Write a LET statement to assign the value 3.14 to P and a PRINT state-
ment to print the value of P.

We type:

LET P = 3.14
PRINT P
3.14

Note: In ATARI BASIC, the word LET can be omitted. For example, we can
type P=3.14 instead of LET P =3.14.

6. Once we have assigned a value to a variable, that variable can be used in
mathematical expressions.

We type: LET A
LET B

= 7
S A 7

We now have 7 in box A and § in box B.

B 5
We type: PRINT A + B
It types: 12 Since A=7and B=5, A+B=7+5=12.
We type: PRINT A - 8
It types: 2 Since A=7 and B=5, A-B=7-5=2.

Your turn. Complete the following.

We type: PRINT A®*B

It types:

We type: PRINT A/B

It types:

35
1.4
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7. The variables that we have used so far are called numeric variables. The
value assigned to a numeric variable must be a number.

BASIC has another type of variable, called a string variable. The value
assigned to a string variable must be a string. A string can contain letters, num-
bers. spaces and symbols, but you must enclose a string in quotation marks.

Before we use a string variable, we must first tell the computer how long
the string might be. That is, we must tell the computer how much memory might
be needed to hold the string. We do this with a DIMension statement. For exam-
ple, the following DIM statement tells the computer to make room for a string of
up to 5 characters in length.

We type: pim ns(s)

It types: ReaDY

We have told the computer that a string variable called N$ can have as many as §
characters in length.

We type: Ler Ns = "JerrY"

This assigns the string JERRY to the string variable N$.

N$| JERRY

Now, let’s print the contents of N§.

We type: PRINT Ns

It types:  JerRrY
Complete the following.

We type: prim zs(1ee)

LET Zs = ""MY HUMAN UNDERSTANDS Mg
PRINT Zs

— —— — — —— — — —

MY HUMAN UNDERSTANDS ME

Our DIM statement reserved space for up to 100 characters. Our actual string, in
this case, is shorter than 100 characters. Chapter 9 will describe strings in much
more detail.
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8. Let's look at a problem. We have three bicycles with wheels of 16-, 24-,
and 26-inch diameters. For each bike, we want to know how far the bike travels
during one revolution of the wheel. This distance, of course, is the circumference
of the wheel. Let’s use D to represent the diameter of the wheel and C to repre-
sent the circumference.

C=aD

D
where 7 = 3.14159 . ..

e

We will use 3.14 as a crude approximation to n. We could do this problem as

follows.

We type:
It types:
We type:
It types:
We type:
It types:

PRINT 3.14 * 16

59-2’.

PRINT 3.14 * 24

75.36

PRINT 3.14 * 26

Bl.64

Here is another way to do it. Complete the parts we have omitted

We type:

It types:

We type:

It types:

We type:

75.36
D = 26

LET D = 16
PRINT 3.14 * p

5@3.24

= 24
PRINT 3.14 * D

LET

PRINT 3.14 * O
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9. Now we are ready to take the big step from one-at-a-time direct statements
to a stored program, We will store this program in the memory of our computer.
(Just look at it, then read on.)

18 LET D = 16
28 PRINT 3,14 * D

The above program has two statements, each on a single line. Each statement
begins with a line number (in this case, the 10 and 20). A line number can be any
integer from 1 to 32767.

When we type statements with line numbers, the statements are nof
executed when you press RETURN. Instead, the statements are stored in the
computer’s memory for later execution,

As you learned in Chapter 2. statements withaw, ling numbers, are callrd,
direct statements. The computer executes a direct statement immediately and then
forgets it. However, this does not happen when we type a statement with a line
number. Instead, what does happen?

s —— ——  — — — — — —

The statement is stored in the computer’s memory for later execution. That is,
the computer remembers the statement.

10.  The line numbers tell the computer the order in which it is to follow
statements in the program. It is not necessary for line numbers to be consecutive
integers (e.g., 1,2,3,4,5. .. ). It is common practice to number by tens as we
do in the following program. Then, if we wish, we can casily insert or add more
statements into the program between existing statements.

12 LET D = 16
2@ PRINT 3,14 °* p

How many additional lines could be added betwen line 10 and line 207

——— — — — — — — —

9 (lines 11, 12, 13, 14, 15, 16, 17, 18, 19)

Of course, you don’t have to number by tens. If you prefer numbering by thir-
teens or fives, help yourself!

11. Before we store a program, we must first remove or erase any old programs
that may already be stored in the computer’s memory,
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We type:  NEw And, of course, press RETURN.

It types: READY

The computer has erased the portion of its memory that stores BASIC programs.
It is now ready to accept a new program.
How do we erase, remove, or delete an old program from the computer’s

memory?

We type NEW and press RETURN key.

Note: If we misspell NEW, we may get an error message. For example:
We type: enu
It types: ErRROR-  GNUD

Our computer doesn’t appreciate puns, but if we type NEW correctly and press
RETURN, all is well.

12. Now we are ready to store our two-line program from frames 9 and 10.

First, we must erase any old program by typing and pressing the
RETURN key. To store the program, we type the first line or statement and

press the RETURN key, then type the second line and

s — — — — — . e e

NEW; press the RETURN key

13. Let's doit.

We type: New
It types: ReaDpy
We type: 12 LET D = 16

2@ PRINT 3.14 * D

If we make a typing error, we start over. The program is now stored. The com-
puter is waiting patiently for our next statement or command.
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Hmmmm . . . we wonder if the program really is stored in the computer’s
memory. We can find out by typing LIST and pressing the RETURN key.

We type: LisT And press RETURN.

It types: 18 LET D=16
20 PRINT 3.14°D
READY

The command LIST tells the computer to type all of the program statements that
are currently stored in its memory. After listing the program, the computer types
READY to let us know it is our turn again. If there is no program stored, the
computer will simply type READY.

How do we tell the computer to type out the program that is currently

stored In its memory?

We type LIST and press the RETURN key.

14. Listing a BASIC program lets us know whether or not a program is stored
in the computer’s memory. We may want to add more statements to the prog-
ram. Or we may wish to see if we have typed the statements correctly. If we

want the computer to execute the program, we type . If we want the
computer to tell us if there is a program stored in its memory, and to type out

the program for us, we type

RUN; LIST

15.  After you type RUN to tell the computer to execute a program, or after
you type LIST to command the computer to tell us *‘what’s on its mind’’ (that
is, what is stored in its memory), what else do you have to do before the com-

puter will respond?

— — — — — — — — — a—

press the RETURN key

16.  Assume you have typed our little program into the computer.

18 LET © = 16
2@ PRINT 3.14 * D

The program is stored in the computer’s memory. Now you want the computer
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to execute (carry out) the program. Type RUN and press the RETURN key.
We type: Run And press RETURN.

It types: se.24
READY

The computer has RUN the program. That is, it has executed the
statements of the program in line number order. First, the computer was told to
assign a value to a variable with this statement: 10 LET D= 16. That means that

the computer placed the value __ in the box identified by the variable

16; D

17. After following the instruction in the statement with line number 10, the
computer went on to the next statement in line number order: 20 PRINT 3.14*D.
Part of line 20 tells the computer to multiply two numbers. One number is given
in the statement. The other number is stored in a place labeled by the variable D.
What are the two values that the computer uses to multiply?

3.14 and 16 (Because 16 is the value of D.)

18. In the last frame we saw that part of line 20 tells the computer to multiply

two values. What else does line 20 tell the computer to do?____

PRINT the results of the multiplication

Note: some computers require an END statement as the last statement in the
program, as we show below. Our ATARI computer does not need END, but you
may use it if you wish.

10 LET D = 16
20 PRINT 3.14 * D
39 END

19. Let's review what happens when we use our little program that calculates
the circumference ot a bicycle wheel,
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NEW First, we erase any old program.
READY
19 LET D = 16 Then, we type in this program, which consists of

28 PRINT 3.14 * D two statements.

LIST Next, we tell the computer to LIST the program.

zl)g :zINl::;?“.D The computer LISTs (types) the program,

READY then types READY and stops.

RUN Finally, we tell the computer to RUN the program,
S8.24 It executes the program,

READY then types READY and stops.

The program is still stored in the computer’s memory. What will happen if we

now type RUN __

—— — — — —.  — — — —

The computer will execute the program again. Since nothing in the program has
changed, the same result (50.24) will be printed.

20.  What happens if we make a typing mistake in entering a program?

Wetype: 12 LET F = 16 We typed F instead of D.
28 PRINT 3.14 * D
We type: run
It types: @ Oops! Something wrong. Let’s look at

the program.

We type: List

It types: 1@ LeET £ = 16 Sure enough, we notice that we
<9 £OINT 3.14.%0 mistakenly hit F instead of D in line 10.

We type: 12 LET p=16 We retype line 10, correctly. This
replaces the old line 10.

We type: vLisT To make sure the new line 10 replaced
the old line 10, we LIST the corrected

It types: 12 LET D=16 program (and also check to make sure

28 PRINT 3.14°%0 we typed it right this time!)

Suppose we had seen the mistake immediately after we had tvped it. How

could we have corrected it?

o — —— — — — — —  —
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We could have pressed the DELETE BACK S key, then the correct letter.

21. We assume that our circumference program is still stored in memory. Now
we want to change the value assigned to D. To do this, we replace line 10 with a
different line 10. After making this change, we will LIST the modified program.

We type: 18 LET D = 24

LIST
It types: 18 LET D=24 Here is the new line 10, and the old
29 PRINT 3.14%D line 20.

How do we replace a line in a stored program?

We type a new line with the same line number as the line we wish to replace.
Note: We do not type NEW because we want line 20 to remain in the computer
while we change only line 10. Typing NEW would erase both statements from the
computer’s memory.

22. We will RUN the modified program of frame 23.

We type: RUN

It types: 75.36

Your turn. Complete the following.

We type: 18 LET D = 26
We type: LIST
It types: .

From now on, we will
usually omit the word

We type: RUN READY in this book.
It types: .

10 LET D = 26 - New line 10

280 PRINT 3.14°D <«—— Old line 20

B1.64
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23. How fast does your money grow?

Problem: We put P dollars in a savings account which pays R percent interest,
per year, compounded yearly. How much money will we have in the account at
the end of N years?

P is the original amount (principal).

R is the interest rate, in percent, per year.
N is the number of years.

A is the amount after N years.

A=P(1 + R/100)¥ Formula for A, given P, R, and N

Below is a program to compute A for P=$1000, R = 6%, and N =3 years. Com-
plete line 40 in correct BASIC notation, using the formula above as a guide.

19 LET P = 1089
20 LET R = 6
30 LET N = 3
48 LET A =

5@ PRINT A

P*C1+r/128)"N (Did you remember the asterisk? Did you remember to use ~
to tell the computer to raise to a power?)

24.  We will store and RUN the program, then ask you to make some changes.

We type: New Don’t forget, we are usually omitting
ol e ratas the READY typed by the computer. We
38 LET N = 3 also will omit reminders 1o use the
48 LET A = P*(1+R/188)"N RETURN key after entering a statement
23:”“7 & or a command such as RUN, LIST, or

NEW

It types: 1191.@1598
Now, show how to change line 30 so that N=5.

We type: I

RUN

[t types: 1338.22557 Value of A for P=1000, R=6, N=5.

30 LET N = S
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25. Now change the program so that R=7% and N = 8 years.
We type:

RUN
It types: 1718.18617

20 LET R=7

32

26.

LET N=8

Now show how the computer will respond if we type LIST.

We type: LIST

It types:

18
29
39
43
59

27.

LET P=1088

LET R=7

LET N=8

LET A=P*(1+R/188)"N
PRINT A

LET statements are all fine and good, but what a hassle to change all those

LET statements every time you want to change the values of variables. Ah, but
leave it to BASIC to come up with a clever solution—the INPUT statement.

The INPUT statement allows the computer user to assign different values to

variables each time a program is RUN without modifying the program itself.
When the computer comes to an INPUT statement in a program, it types a ques-
tion mark and waits for the user to enter a value for a variable. Below is an

example:
We type: NEw First, we erase any old program, then enter this
18 INPUT A prooram.
20 PRINT A
RUN Then we tell the computer to RUN the program.
It types:  2g The computer types a question mark, turns on the

cursor, then waits.
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When we typed RUN, what did the computer do?

It typed a question mark and waited for us to do something

Note: The question mark is an example of a prompt. The computer types a
prompt to tell you it is your turn to do something. The message READY is
another example of a prompt.

28. The INPUT statement causes the computer to type a question mark, then
stop and wait. It is waiting for a value to assign the vanable which appears in the
INPUT statement. Computers are very patient. If we don't cooperate by typing a
value, the computer will simply wait, and wait, and wait.

So let’s cooperate with our ever-patient computer and type in i numeric
value 