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The purpose of this book is to put you in control of your 
PCjr. You may never have touched the keyboard of a 
computer before now. You may neither have read books 

about computers nor studied them in school. But if you spend 
several evenings doing the first half-dozen sessions in this 

book, you will soon be in charge. 

What to Do First 
If you have just opened the package containing your computer, read 

and follow the list of steps below. It will guide you in setting up the PCjr 
and getting ready to use it. 

Step 1. Follow the directions that came with the computer for 

unpacking the parts. 

Step 2. Read Section 1 of the Guide to Operations. Follow the steps 

there in setting up the computer and connecting the parts. 

You will need only two parts to do the first sessions of this 

book. These are the keyboard and the TV display. If you 

have a cassette recorder or printer, you don't have to connect 

them right away if you don't want to. You can do that later 

when you are more familiar with your computer. 

Step 5 (Optional) Use Sections 2 and 3 of the Guide to Operations to 

get acquainted with your keyboard. Do not feel that you 

must remember the purpose of every key, though. In this 

book, whenever you need to use a new key, we will show 

you how the key works. If you already know about the key, 

the review won't hurt. 

Step 4. Return to this book and continue reading. 



Who Should Read This Book? 
Part One is for everyone. Computers are showing up everywhere: in 
offices,, factories, schools, and homes. If you do all the activities in Part 
One, you will learn all the "survival skills" you need to know to use the 
PC/r. Indeed, these same skills will help you use any computer. You will 
learn how to turn on the computer and load programs from a diskette or 
a cassette tape. You will learn how to write simple programs of your 
own and save them. You will use the color-graphics and sound features 
of your PC/r. Just as important as all these things, you will know how a 
computer works: You will know what a computer is doing when it is 
running a program. You will know what the computer's input, output, 
and memory units are and how they work together. At the end of Part 
One, you will have gained a high degree of computer literacy. 

If you will be using the PC/r mainly to run programs other people 
have written. Part One may give you all you want or need to know. For 
example, to turn your PC/r into a word-processing system, you need to 
know only three things: These are how to load the word-processing 
program into the computer, how to use the PC/r keyboard, and how to 
use the program. You will find all this information in Part One plus the 
manual that comes with the word-processing program. In the same 
way, you will be able to use other programs to make your PC/r into a 
video-game player, a spread-sheet calculator, or a data-storage system. 

But suppose you want to use your PC/r to do something new, some¬ 
thing you don't have a program for. In that case, you will need to know 
more than what is in Part One. To make a computer do what you want it 
to, you must tell it what you want. You must write your instructions in 
a form the computer understands. This form is a computer program. 
And so you will need to learn more about writing your own programs. 

Parts Two through Six will introduce you to all the main ideas and 
methods you will need to be able to write programs of your own. 

In Part Two, you will learn how to plan and organize your 
programs. You will also learn how to break complicated 
programming jobs into simple pieces. 

Part Three will show you what a variable is. Variables can make 
your programs more interesting and versatile. 

Part Four will give you a tool for telling the computer to do 
something again and again. 

Part Five adds a tool for telling the computer to do either one 
thing or another. (The tools introduced in Parts Four and Five are 
the only ones you will need to handle all problems in program 
logic.) 

• Part Six shows you how to handle lists of words and numbers. 
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The Goals of This Book 
Your PCjr comes with the BASIC language built in. This book teaches 

you » lot' abou, BASIC. Howe.a,, « have not l*d “"“'ourTc ‘ 
little detail of the BASIC language. The version of BASIC on your 1 Lj 
a very trge complex language It is designed both for beginners and for 

advanced8programmers. So we have limited this book to two mam area 

of BASIC First, you will learn about the dozen or so statements you will 

fo ba ab,e to do any progtatnm.ng a, all You - " » 
half-dozen other statements that tell the computer to do exciting things 

such as playing music and drawing pictures. 

Suppose that, when you finish this book, you are interested in learn¬ 

ing more about PQr BASIC. In that case, you should get a copy of the 

BASIC'reference biok to, you, IBM PC,,, Thai b«* explama J^lhe 

features of the version of BASIC built into your PC,r. It also describes 

extra features available in Cartridge BASIC. 

This book does not just teach you about BASIC. The big: ideas of 

computing are the same, no matter what language you use In that way, 

computer languages are just like ordinary languages: Both kinds of lan¬ 

guage give you a way to think about things and expressideas. Pe°?'e “ 
the United States learn English. People in France learn French But the 

important thing is that we all learn how to speak, read, and wnte, w 

ever our language. 

Our main goal is to teach you the important ideas about computers 

and programming. In the future, you may decide to explore a different 

language on your PCjr or another computer. We have designed t is 

book to make that step an easy one for you. The mam topics you learn 

about here will apply to any computer language you may learn in the 

future. 
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How to Use This Book 
This book is divided into six main parts. The parts are divided into 
chapters, called "sessions." There are 32 sessions in all. It is a good idea 
to set aside enough time to go through several sessions in a row. When 
you see a series of questions in the book, take a few moments to answer 
them. Check yourself against the answers in the back of the book. At the 
end of some sessions, there are programming projects for you to do. 
They give you a chance to practice what you have learned or to do some 
exploring on your own. Take time to work on the projects before going 
ahead to the next session. 

This is not a book just for reading, browsing, or skipping around. 
Almost every session guides you through activities you must carry out 
at the keyboard of your PCjr. Some of what you learn will come from the 
book. However, most will come from your discoveries at the keyboard. 
If you do not actually do those activities, the book will seem incomplete 
and confusing to you. 

Each session of this book builds on what has come before and adds 
to it. If you skip a few sessions and jump ahead, there is a good chance 
that you will miss an important idea needed later. It is much better to do 
all the sessions in order. However, remember that you can slop at the 
end of Part One if you want to. 

Finally, take your time and enjoy yourself. There's no need to rush 
ahead. There's no final exam. No one is watching over you. If you get 
interested in some topic you have just learned about, stop and explore it 
a bit. Don't worry about doing something wrong and breaking the com¬ 
puter. There's nothing you can type on the keyboard that can harm your 
computer. If you ever get into a situation you don't know how to deal 
with, remember that you're in charge: As a last resort, you can turn off 
the power switch and start over. 
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hen you finish the last session in this part, you will be 
well on your way toward computer literacy. You will 
know two very important things: First, you will know 

what a computer can do. Second, you will know how to tell your 
computer to do what you want it to do. 

Along the way, you will learn the things you need to 
know to be able to use your PCjr—or any other computer. You will 
be able to turn the computer on. You will know how to load 
programs into the computer from a diskette or cassette tape, and run 
them. You will also learn how to write simple programs of your 

own. You will be able to save them on a diskette or cassette tape. In 
short, you will be doing some of the things that people who work 
with computers do every day. 

The most important fact that you will discover in Part 
One is this: The only thing that any computer can do by itself is 
follow instructions. When you see a computer doing things that look 
clever, exciting, or beautiful (or stupid, boring, or ugly), you will 
know that the computer can do those things for only one reason: 
Some person wrote a program telling the computer exactly what to 
do and how to do it. There is no good or evil in the machine itself, 
only in the programs we humans put there. 

As you learn how to write programs, you will be able to 
tell the computer to do many different things. Your PCjr can play 
music, do arithmetic, print words and numbers, and draw pictures in 
color. All it takes to do these things is a program you write telling 
the computer exactly what to do. 

13 



SESSION 1 

Session Goals 
• Turn the computer on and adjust the TV display. 

• Become familiar with the keyboard. 

• Learn how to correct typing errors. 
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Before Starting the Computer 
All the parts of a computer are called a system. Before doing anything, 
take a close look at your PCjr computer system. There are three neces¬ 
sary parts: the main unit, the keyboard, and a TV display. The main 
unit contains the computer itself. The TV display is connected to the 
main unit. The keyboard can be used away from the main unit and need 
not be connected to it with wires. 

Your system may also have a diskette drive. If your computer has a 
diskette drive, it will already be installed in the main unit. Look at the 
front of the main unit. On the right, you will see two small slots. Those 
are for plugging in cartridges. If you have a diskette drive, there will be 
a small handle and a long, thin slot above the cartridge slots. That is the 
front of your diskette drive—the place where you will later insert a 
diskette. 

If you do not have a diskette drive, you may have a cassette tape 
recorder. Session 5 tells you how to connect a cassette tape recorder to 
the main unit. 

Follow the instructions in Section 1 of the Guide to Operations for 
setting up the keyboard and connecting a TV display. Be sure that you 
have completed all the connections before going on. 

The next two sections give instructions for starting the computer and 
adjusting the TV display for the best picture. These two sections will 
guide you, one step at a time, through one of two different ways to start 
the PCjr. You will use the first method if your computer does not have a 
diskette drive and the second if it does. For each section, first read the 
instructions for each step, and then carry them out. Take your time. 
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Starting the Computer without a Diskette 
Drive 

Use the following steps if you do not have a 
diskette drive. If you do have a diskette drive, skip 

this section and go on to the next section, "Starting the Computer 
with a Diskette Drive." 

This section tells you how to start the computer without a diskette drive. 

You should also get the BASIC cartridge out if you have one. Then go on 

to the steps below. If, at any point, the computer does not seem to be 

doing the right thing, turn off the power. Then start over again. 

Step 1. Turn your computer off. You do this by moving the power 
switch on the back of the main unit to the OFF position. You 

should be able to reach the power switch with your left 

hand. If the computer is already off, leave it off for now. 

Step 2. Be sure the TV display is turned on. If there is a volume 

control, turn it down. 
Step 3. Remove any cartridges from the cartridge slots in the main 

unit. If you have the BASIC cartridge, insert it into either of 

the cartridge slots. The cartridge label should be on the top. 

The open end goes into the slot. 
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Step 4. Move the power switch on the back of the main unit to the 

ON position. Don't type anything on the keyboard yet. You 

should immediately see the initials "IBM" in large, striped 

letters on a blue background. At the bottom of the screen, 

you should see 16 colored bars and the phrase 004 KB. 

In about 5 seconds, the number in the phrase should change. 

In a few more seconds, the screen should go blank. (If you 

see the message ERROR B on the screen, press the (Enter 

key and proceed. If you don't see the message below after 

that, see Section 6 of the Guide to Operations. Your keyboard 

may not be working.) 

About 10 seconds later, you should see some words at 

the bottom of the screen. There will also be a message similar 

to the one beiow at the top of the screen. Adjust the 

brightness and contrast controls on your TV display if 

necessary. 

The IBM Personal Computer Basic 

Version C1♦2 0 Copyright IBM Co rp 1081 

G2940 Bytes free 

OK 

If the second line on your screen begins with the phrase 

Me rsion C, your computer is using a version of the BASIC 

language called Cassette BASIC. If you inserted the BASIC 

cartridge in Step 3, however, you should see the phrase 

Me rsion J at the beginning of the second line. This 

message tells you that your computer is using Cartridge 

BASIC. Cartridge BASIC contains all the features of cassette 

BASIC, plus a few extra ones. In this book, you will need 

only Cassette BASIC in most sessions. 
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Step 5. 

Step 6. 

Press the (Caps Lock) key, which is just to the right of the 

spacebar. In this book, when we tell you to press a key, we 

mean that you should press the key and then release it. If 

we want you to hold it down without releasing it, we will 

say so. You will see nothing happen on the screen when you 

press the (Caps Lock) key. However, the. words you type from 

now on will appear on the screen in capital letters. 

Hold down the (Alt) key, which is just to the left of the 

spacebar. At the same time, hold down the (Ctrl) key, which 

is on the left edge of the keyboard. While holding both 

keys down, press and release the (EE3 key a few times. Be 

sure to watch the TV screen while you are doing this. The 

(EEED key is near the lower right-hand corner of the keyboard. 

Next, repeat these steps with the C—) key. Again, be sure 

to watch the screen. These keys allow you to move the 

whole TV picture left or right. By using (Alt 1 Ctrl 3 and 

(Alt 1 Ctrl 1^—), move the picture so that you can just see all the 

words on the screen. 
Step 7. Type KEY OFF. Then, while looking at the screen, press and 

release the (Enter ^-0 key. That is the large key on the right 

side of the keyboard. (If you make a typing error, press the 

(Enters) key and retype the words. Then press (Entered) 

again.) You should see the line of words at the bottom of the 

screen disappear. 

At this point, you have turned the computer on and have adjusted 

the picture. Take a moment to review the seven steps you used and 

answer the questions below. 

What message on the screen tells you whether you are using 

Cassette BASIC or Cartridge BASIC? 

How do you move the TV picture to the right? 

Starting the Computer with a Diskette 
Drive 

If you do not have a diskette drive, you should 
have used the steps in the previous section, 

"Starting the Computer without a Diskette Drive/' to start your 
computer. If you do have a diskette drive, use the following steps to 
start your computer. You must also have the BASIC cartridge to use 
the diskette drive. If you do not have the cartridge, leave the diskette 
drive empty and follow the steps in the previous section. 
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This section tells you how to start the computer with a diskette drive. 

You will also need the BASIC cartridge and the diskette labeled "DOS." 

A diskette is a small plastic disk like a phonograph record; information 

is stored on it magnetically. DOS stands for "disk operating system." 

Now, go on to the steps below. If the computer does not seem to be 

doing the right thing, turn off the power. Then start over again. 

Step 1. Turn your computer off. You do this by moving the power 

switch on the back of the main unit to the OFF position. 

You should be able to reach the power switch with your 

left hand. If the computer is already off, leave it off for 

now. 

Step 2. Be sure the TV display is turned on. If there is a volume 

control, turn it down. 

Step 3. Now it is time for you to put the DOS diskette into your 

diskette drive. Turn the latch on the diskette drive to the 

horizontal position. If there is already a diskette in the 

drive, take it out. Put the diskette labeled "DOS" into the 

drive. The label on the diskette should be on top and on 

the edge of the diskette nearest you. Turn the latch to the 

vertical position after you have inserted the diskette. 

Step 4. Remove any cartridges from the cartridge slots in the main 

unit. Insert your BASIC cartridge into either of the cartridge 

slots. The cartridge label should be on the top. The open end 

goes into the slot. 
Step 5. Move the power switch on the back of the main unit to the 

ON position. You should immediately see the initials "IBM" 

in large, striped letters on a blue background. At the bottom 

of the screen, you should see 16 colored bars and the phrase 

004 KB. 
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In about 5 seconds, the number in the phrase should 
change. In a few more seconds, the screen should go blank. 

(If you see the message ERROR B on the screen, press the 

[Enter key and proceed. If you don't see the message 

below after that, see Section 6 of the Guide to Operations. 
Your keyboard may not be working.) 

Next, you will hear a beep. Then the red light on the 

diskette drive will come on. In a few more seconds, you 

should see a message similar to the one below at the top of 

the screen. Don't type anything on the keyboard yet. 

Current date is Tue 1 -01-1980 

Enter n ew dates 

Step 6. Press and release the [Enter“-0 key. The (Enter key is the 

large key to the right of the letter keys. (You could have 

entered today's date here, but it is not necessary to do so.) 

In this book, when we tell you to press a key, we mean 

that you should press the key and then release it. If we 

want you to hold it down without releasing it, we will say 

so. Next, you should see two new lines similar to the ones 

below on the screen. Once again, don't type anything on 

the keyboard yet. 

Current time is 0:0 0 s4 7♦S 9 

Enter new time s 

Press and release the [Enter ^-i) key once more. (You could 

also have entered the correct time, but it is not necessary to 
do so.) You should see new lines similar to the ones on the 

next page on the screen. As before, don't type anything 

yet. 
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The IBM Personal Computer DOS 

Version 2*00 (C)Copyrisfht IBM Corp 1381 » 
1982 # 1983 

A > 

Adjust the brightness and contrast controls on your TV 
display if necessary. 

7. Press and release the (Caps Lock) key, which is just to the 

right of the spacebar. You will see nothing happen on the 

screen at this point. However, the words you type from 

now on will appear on the screen in capital letters. 

8. Type BASIC. Then press the (Enter ^-0 key and release it. (If 

you make a typing mistake, press the (Enter key and 

retype the words. Then press (Enteragain.) You should 

see some words at the bottom of the screen. There will also 

be a message similar to the one below at the top of the 

screen. Don't type anything on the keyboard at this point. 

The IBM PC Jr Basic 

Version J1.00 
Copyright IBM Corp* 1381?1982>1983 

59894 Bytes free 

OK 

If the second line on your screen begins with the phrase 

Version C, your computer is using a version of the BASIC 

language called Cassette BASIC. If you inserted the BASIC 

cartridge in Step 4, however, you should see the phrase 

Me rs i on J at the beginning of the second line. This 

message tells you that your computer is using Cartridge 

BASIC. Cartridge BASIC contains all the features of Cassette 

BASIC, plus a few extra ones. In this book, you will need 

only Cassette BASIC in most sessions. However, to save 

BASIC programs on diskettes, you must have Cartridge 

BASIC. 
9. Hold down the (Ajt) key, which is just to the left of the 

spacebar. At the same time, hold down the (Ctrl) key, which 

is on the left edge of the keyboard. While holding both 

keys down, press and release the GEE) key a few times. Be 

sure to watch the TV screen while you are doing this. The 

(—Q key is near the lower right-hand corner of the 

keyboard. Next, repeat these steps with the GEE) key. 

Again, be sure to watch the screen. These keys let you 
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Step 10. 

move the whole TV picture left or right. By using 

(Alt I Ctrl"R) and 1 Alt I Ctrl l-—), move the picture so that you 

can iust see all the words on the screen. 
Type KEY OFF. Then, while looking at the screen, press 

and release the fEnter key. You should see the line of 

words at the bottom of the screen disappear. 

At this point, you have turned the computer on and have adjusted 

the picture. Take a moment to review the 10 steps you used and answer 

the questions below. 

What message on the screen tells you whether you are using 

Cassette BASIC or Cartridge BASIC? 
How do you move the TV picture to the right? 

Keyboard Experiments 
Your PCjr keyboard is like the cockpit of an airplane. You use the key 

board to control nearly everything the computer does. Now is a good 

time to explore some of the features of the PC/'r keyboard. (If you bega 

with the keyboard activities in Sections 2 and 3 of the Guide to Operations 
you already know a lot about the keyboard. However, the following 

review will remind you of the keys important for writing programs.) 

The keyboard is usually used some distance away from the mam 

unit. It is not connected to the main unit with wires. Instead, it uses 

invisible light waves to send information to the mam unit Since no 

wires are needed, you can sit in a comfortable chair and watch the 

display from across the room if you want to. 
The most important keys are the ones in the symbol group. Thes 

keys have letters, numbers, and punctuation marks printed above them. 

If you have used an ordinary typewriter, the layout of keys will be fami 

iar to you. Let's start by exploring these keys. 
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Type your name on the keyboard. Look at the screen. Did the letters 

come out in capitals or in lowercase? Press and release the spacebar (the 

long bar at the bottom of the keyboard). Now press the [Caps Lock] key 

(just to the right of the spacebar). Type your name again. Look at the 

screen once more. How did the letters come out this time? Press the 

spacebar and [Caps Lock) again and retype your name. How do the let¬ 

ters on the screen look now? Now erase the whole line from the screen 

by pressing and releasing the (Esc) key (at the upper left-hand corner of 

the keyboard). 

The (Caps Lock) key is like the shift lock on a typewriter, except that it 

affects only the 26 letter keys. In the rest of this book, you will be using 

only capital letters. Whenever you turn on the computer, be sure to put 

the (Caps Lock) key in the setting for capital letters. Type a few letters 

and look at the screen to be sure they are capitals. Then press and 

release (Esc) to erase the line from the screen. "Esc" is short for escape. 

This key allows you to "escape" from typing errors by erasing the whole 

line. 

Some keys in the symbol group have two symbols printed above 

them. For example, one of the keys in the top row has a white 4 and a 

black $ printed above it. Let's see how to type both the 4 and the $. Press 

the key with these symbols a few times. Look at the characters on the 

screen. Find a key with the word "Shift" printed above it in black 

letters. There is a (Shift t) key at each end of the bottom row of letter keys 

in the symbol group. Plold down either (Shift T) key. While it is down, 

press and release the ® key a few times. Look again at the characters 

on the screen. Your computer's (Shift t) keys are like the shift keys on a 

typewriter. You may use either one to type the symbol printed in black 

above any key in the symbol group. 

DPOCCDOO 
gcocgccc 

COCOGGOO 
OOCOGGGOO 
(P l——J COO O 

In the top row of the symbol group, you will find the 10 number 

keys. Some typists are in the habit of using the letter L for the number 1. 

They may also use the letter O for the number zero. Type the QD key 

a few times. Then type the (17) key a few times. Look at the screen and 
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notice the difference. Next, type the zero key in the top row and the © 
key just below it. Notice the slash through the zero on the screen. It is 
very important to use only the number keys for numbers in your computer work. 

All people who work at keyboards make typing mistakes. Let's see 

how to fix mistakes. Press and release (fsc) to erase the line on the 
screen. Now type Ml I STEAK. That isn't the right way to spell mistake. 

Here is how to fix the error without retyping the whole word: Find the 
f Backspace] key, which is near the upper right-hand corner of the key¬ 
board. Watch the screen as you press the (Backspace] key. This key is like 

the backspace key on a typewriter, except that it actually erases letters 

on the screen as you go back over them. Press (Backspace) until only the 
letters MIST are on the screen. Then release it. Now type AKE. You can 

see that your typing error is fixed. 

aciocoocooGGOor] 
OCOOCCOOtJOOOC-Jo 
cg GGOocooocooce 

?ODO O 

Now you will discover an interesting feature of your PCjr keyboard. 

It is useful, but it can also be surprising. Press and release (Escj to erase 
MISTAKE from the screen. Type your name again. But this time, hold 
the key down when you type the last letter in your name. Notice the 

string of letters that appears on the screen. Nearly all the keys on the 

PCjr keyboard have this built-in repeat action. Take your finger off the 
key. Press (Esc] to erase the whole line from the screen. 

Sometimes, you may hold a key down by misteak...oops...mistake 

and not notice the string of letters on the screen. There is a way to have 

the computer let you know that this is happening. Hold down the (M) 
and (Ctrl] keys, which are at the left end of the keyboard. While they are 
both down, press the (CapsTock] key. Then take your hands off the 
keyboard. Now hold any key down and listen. Turn the volume up on 
your TV display while holding the key down. Look at the screen. You 

should hear a click each time a symbol is printed there. Some people like 

to hear a click as well as see a symbol on the screen when they type. The 

(Alt I Ctrl I Caps Lock ) combination lets you turn the click on. If you do not 

want to hear the click, type another (Alt I Ctrl I Caps Lock) to turn the click 

off. 
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CJ G 

GOO 
GOG 

GGGGG 
GGGGG 

Before giving any instructions to your PCjr, you need to know about 

only one more key: the (Enter ^-0 key. Type your name. Press and release 
the [Enter ^-0 key. Look at the screen. Just below your name, you should 

see the phrase Syntax error on one line and □ K on the next. 

OGGGGGG 
GJGOCCCGC 
GJOGGCGGGCG 
GOGGGOOGGGGGGJGO 

U i..—i UCU G 

Syntax e r ro r is the computer's way of saying "What?" or "Par¬ 

don me, I didn't understand what you said." Here is what happened: By 

pressing the (Enter LJ) key, you told the computer that you wanted to give 

it some information. The computer then looked at the letters you typed 

before you pressed the (Enter —0 key. These letters spelled your name. 

The computer recognizes quite a few words. However, your name is 

probably not one of them. So the computer said Syntax error to let 

you know there was a problem. The computer then said 0 k to tell you 

that it was ready for you to type something else. 

There are many other keys on your PCjr keyboard. However, the 

keys that you have learned about in this session are the ones you will 

use nearly all the time in your computer work. 

How do you erase characters from the line you are typing? 

How do you erase the whole line you have typed? 

How do you tell the computer you are through typing? 
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In this session, you learned how to turn 

your PCjr on. You learned how to get it 

ready for Cassette BASIC or Cartridge BASIC. You then took a look 

afsome important keys on the keyboard. The table below reviews 

these keys PYou should read it carefully to make sure you know 
S e«hkey does. K .ny.hin8 is sUI unclear to you, 8o back and 

read the appropriate parts of this session again. 

Name of Key 

Symbol keys 

f BabkspaclT) 

fEsc] 

[Shift t) 

[Caps Lock) 

[Enter Co) 

[Alt 1 Ctrl 1 Caps Lock] 

[Alt 1 Ctrl 1—") 

[Alt I Ctrl 1H 

Purpose 

To type letters, numbers, and symbols. 

To erase the previous character. 

To erase an entire line. 

To type capital letters and symbols printed in 

black above the keys. 

To make the letter keys type capital letters. 

To enter words and symbols into the computer. 

To switch the keyboard click on and off. 

To move the TV picture to the right. 

To move the TV picture to the left. 

If you are not going on to the next session now, 

turn off the TV. You may leave the computer on, 

however. It uses little electric power and will wait patiently for you 

to return where you left off. 
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SESSION 2 

Session Goals 
• Restart the computer when the power is already on. 

• Make sounds on the computer. 

® Control color on the screen. 

• Put words on the screen. 

• Do arithmetic with the computer. 
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Restarting the Computer 
If you turned off the TV display at the end of the last session, turn it on 

now. Your computer should already be on. If not, start it as shown in 

Session 1. If you need to turn your computer on and do not have a 

diskette drive, turn to page 16 and follow the steps that begin there. If 

you do have a diskette drive, follow the steps that begin on page 19. 

In Session 1, you learned how to start the computer with the power 

off. This is called a cold start. You can also restart the computer when the 

power is already on. This is known as a warm start. 
Sooner or later, you will get into situations where strange things are 

happening. The computer may seem to be out of control. At times like 

these, it is often best to just restart the computer. You can do this either 

with the power switch (a cold start) or from the keyboard (a warm start). 

However, if you choose to restart the computer, you will lose whatever 

program you have entered. 
You already know how to do a cold start. Here is how to do a warm 

start: With the power on, use two fingersHo hold down the (Alt) and 

(Ctrl) keys, which are on the left side of the keyboard. While holding 

these keys down, press and release the (Del) key. That key is near the 

lower right-hand corner of the keyboard. This has a similar effect to 

turning the power switch off and then on. However, unlike a cold start, 

a warm start is faster and causes no wear on the power switch. Now 

complete the start-up steps as explained in the last session beginning 

with Step 5 on page 18 (without a diskette drive) or with Step 6 on 

page 20 (with a diskette drive). 

Using This Book with the Computer 
The sessions in this book will guide you in learning how to use the IBM 

PCjr. You will not need any additional help, but you will have to read 

carefully. Open the book and put it on a table or in your lap. You should 

be able to read it easily while you are typing on the keyboard. You 

28 Taking Control 



should also place the keyboard either on a table or in your lap where it 

is comfortable to use. 

Here is some strong advice: Do not rush through the activities in this book. 
The temptation to keep doing things on the computer will be great. You should 
resist that temptation. Instead of plunging ahead, stop and think about what you 
have done. Read the paragraphs that explain how things work. Answer the 
questions at the ends of the sections. Check your answers against the ones at the 
back of the book. If there are projects at the end of a session, take time to do them. 

In many places in this book, you will see words and numbers printed 

on the left side of the page. Just below each such group of words and 

numbers, you will see a heavy line. It will lead to a comment on the right 

side of the page. When you see a page like this, here is what you should 

do: 

Hands-On Computer Activities 

1. Always read the words and numbers at the left and the 

comment at the right before you do anything else. 

2. Type exactly what you see in the left column above the line. 

3. Look at the screen and press the (Enter key after you have 

finished typing each line (unless you are told not to do so). 

4. Look carefully at what happens on the screen. 

5. Read the comment at the right again. 

Messages to the Computer 
All right, let's get started. Look at the TV display. You should see a 

flashing symbol on the screen. The flashing symbol is called the cursor. 

Every time you see it, it means the computer is waiting for you to type 

something. Type these letters: 

CLA 

CLB 

Look at the screen and press the 

(Enterkey. You got the Sy ntaK 

error message. It means the 

computer didn't understand CLA. 

Look at the screen and press the 

(Enterkey. You got the Sy ntax 

error message again. The 

computer didn't understand CLB 

either. 
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CLS Look at the screen and press the 

(Enter ^-0 key. At last, the computer 

understood what you typed. CLS 

told it to "clear the screen." The 

computer did so and said 0 K. 

1. What does CLS tell the computer to do? 
2. What key should you press when you have finished typing a 

message to the computer? 
3. What happens if you press the (Esc) key while typing a message 

to the computer? 
4. How can you tell if the computer is waiting for you to type 

something? 
5. How can you fix any errors you make while entering information. 

Making Sounds 
Let s move on to a new subject. Did you know you can tell your com 

puter to make sounds? There are several words you can type to tell the 

computer to make sounds. You will learn about two of these next. First, 

turn up the volume control on the TV display. Adjust the volume to a 

comfortable level as you go through the steps below. 

BEEP_____ Remember to watch the screen, 

press the (Enter ^-0 key, and release 

it. What happened? 

BEEP _ If yOU pressed the (Enterkey, 

you heard the tone again. 

SOUND 440 * 10 __ ge sure f0 use the number keys 

for 1 and 0. Remember to press 

the (Enter key. 

5QUND440 >10__ Whoops! Look at the screen. 

Without the spaces, the computer 

does not know what this means. 

If everything went as planned, you heard the same note after each 

BEEP statement and a different note after the SOUND statement. BEEP 

always produces the same musical note with the same length. SOUND is 

more flexible, as you will soon see. You also found out that spaces count: 

Be careful about spaces when typing messages to the computer. 

30 Taking Control 



SOUND 440 * 10 

SOUND 494 * 10 

SOUND 523 * 10 

SOUND 523 > 20 

SOUND 523 > 40 

You did that before. Did you 

remember to press the (Enter 

key? 

When 440 was changed to 494, 

what happened to the note you 

heard? 

What happened this time? 

What does the second number 

after SOUND appear to control? 

What happened this time? 

You will learn more about SOUND later in this book. This is enough 

detail for now. 

6. What does BEEP tell the computer to do? 

7. What does the first number after SOUND do? 

8. What does the second number after SOUND do? 

Switching Screens and Controlling Color 
So far, the computer has printed white letters on a black screen. This is 

called the text mode of the PCjr. In this section, you will learn how to 

change to graphics mode and change the background color. (We will 

actually be using the medium-resolution graphics mode. There are other 

graphics modes, but we will only touch on them briefly.) 

SCREEN 1___ Look at the screen as you press 
the (Enter key. This changes the 

screen to graphics mode. Note 

that the cursor is now a solid 

square. 

SCREEN 0 This changes back to the text 

mode. Notice that the cursor is 

flashing again. 

SCREEN 2 This is high-resolution graphics 

mode. Notice the tall cursor and 

skinny OK. 
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SCREEN 0 Whoops! You are back in text 

mode, but the letters on the 

screen are still skinny. You may 

have to use fAlt 1 Ctrl 1--) to see all 

the letters. 

MIDTH 40___ This gets the text screen back to 

40-column mode. 

SCREEN 1 _Now the computer is back in 
medium-resolution graphics mode. 

COLOR 1 ___ You changed the background color 

from black to blue. 

COLOR 2 

COLOR 3 

COLOR a 

COLOR 5 

COLOR 15 

Now the screen is green. 

This color is cyan. 

A red screen. 

Magenta. 

Whoops! 

You have a problem. Color i 5 is white, so the computer prints white 

characters on a white screen. The characters are there, but you can t see 

them. Now, let's get back to the text screen. Type SCREEN 0 and press 

the (Enter—1) key. You should see a black screen with a white OK at the 

top. 
So far, you have seen nothing but text on the graphics screen, in 

Session 7, you will begin learning how to draw lines and plot points on 

the graphics screen. 

9. How can you tell whether the computer is in text mode, 
medium-resolution graphics mode, or high-resolution graphics 

mode? 
10. What does SCREEN 1 tell the computer to do? 
11. In graphics mode 1, what does COLOR 4 tell the computer to 

do? 
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Putting Words on the Screen 
You have seen how to tell the PCjr to make sounds, switch to graphics 

mode, and change background colors. Now let's see how to make the 

computer print words on the screen. In the line below, be sure to type 

the BASIC word PRINT as well as "PCJR". 

PRINT 11 PCJR11 
Then press the (Enter key and 

look at the screen. You should see 

the letters PCJR on the line below 

the message you just typed. 

PRINT "PCJR IS A COMPUTER" * 
___ Another message. 

PRINT "PCJR IS A SMALL BUT POWERFUL PERSONAL COMPUTER" 
--———-—- This sentence was too long to fit 

on a single line, so the computer 

printed it on two lines. 

PRINT "2 + 3" This message had numbers in it. 

PRINT 2+3 When the message lacks quotation 

marks, the computer does the 

arithmetic and prints the result. 

PRINT 2+3 Some spaces don't matter. 

PRINT2+3 Look at the screen as you press 

[Enter *-Q. The Syntax error 

message shows that some spaces 

do matter. 
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PRINT This told the computer to print a 

blank line. 

PRINT 8-5 This time the computer did 

subtraction.' 

PRINT 8*5 Multiplication. 

PRINT 5280 / 3 Division. 

? 5280 / 3 The question mark is an 

abbreviation for PRINT. 

? "ABC" The abbreviation also works for 

groups of characters in quotation 

marks. 

12. What does PRINT "HELLO" tell the computer to do? 

13. In arithmetic, what does the slash symbol (/) tell the computer 

to do? 

Table of Background Colors___ 
(Sot by COLOR n in medium-resolution graphics. The actual colors you see on 

your TV display may look different.) 

- . 
{ 
; Black 

Blue 

Green 

Cyan 

Red 

Magenta 

Brown 

White 

8 

10 

11 

12 

--—— 

iim. 

Light Blue 

JL 
Light Green 

13 

14 

15 

11 t l H : . 

Light Cyan 

Light Red 

Light Magenta 

Yellow 

Bright White 
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You have begun to explore some of the 

color-graphics and sound features of 
your PCjr. The new words you used are listed in the table below. 

Read the table carefully and make sure you understand the new 

features fully. Go back and look at the session again if you don't. 

Remember our advice. Take your time. Don't hurry on to the next 

session if there are things you don't understand about this session. 

Feature 

Sound modes 

BEEP 

SOUND /, d 

Display modes 

CLS 

SCREEN 0 

SCREEN 1 

SCREEN 2 

WIDTH n 

COLOR n 

PRINT "HELLO" 

PRINT 8+7 

PRINT 

Description 

The PCyr can make musical sounds of controlled 

pitch (frequency) and length (duration). 

Sounds the speaker with a frequency of 800 Hz 

(cycles per second) and a duration of 1/4 second. 

Sounds the speaker at / cycles per second for d 

clock ticks. The letter / stands for frequency, a 

number between 37 and 32767. The letter d 

stands for duration, a number between 0.0015 

and 65535. One clock tick equals 1/18.2 seconds. 

The PCjr has a text mode and several graphics 

modes. 

Clears the screen in any display mode. 

Sets text mode with white letters on a black 

background. In this mode, the cursor is a flashing 

underline symbol. 

Sets medium-resolution graphics mode. The 

cursor is a solid square. 

Sets high-resolution graphics mode. The cursor is 

a tall rectangle. 

Sets the number of characters on a line to n, 

which may be either 40 or 80. 

In medium-resolution graphics, sets the 

background color to n. The letter n stands for any 

number from 0 through 15. See the table on the 

previous page for the color equivalents of the 

numbers. 

Prints HELLO on the text screen or the graphics 

screen. 

Computes the sum of two numbers and prints 

the result. 

Prints a blank line on the screen. 
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SESSION 3 
Session Goals 

Review the start-up steps for the computer. 

• Write and run a simple program. 

• Use line-number editing to make changes in the program. 

Learn how to run the program, list it on the screen, and erase it from 

memory. 

• Learn how to renumber the lines of a program. 
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Review 
In Session 1, you learned how to turn the computer on and adjust the 

display on the TV screen. Now is a good time for you to review the 

start-up steps. These are summarized below. If you need more details 

about anything, go back to pages 16-18 if you do not have a diskette 

drive and pages 19-22 if you do. 

Starting without a Diskette Drive 

Step 1. 
Step 2. 
Step 3. 

Step 4. 

Step 5. 

Step 6. 

Step 7. 

Turn the computer off. 

Turn on the TV set. Lower the volume. 

Remove any cartridges from the slots. Insert the BASIC 

cartridge if you have one. 

Turn the computer power on. If it is already on, hold the 

Cm and (Ctrl) keys down while you press and release the 

(Del) key. (By the way, if you insert or remove the BASIC 

cartridge with the power on, this happens by itself.) 

Wait 20 seconds for a message at the top of the screen. Press 

the (Caps Lock) key. 

If necessary, use (Alt 1 Ctrl |—d and (Alt I Ctrl 1"—) to adjust the 

picture. 

Type KEY OFF and press the (Enters) key. 

Starting with a Diskette Drive 

Step 1. 
Step 2. 
Step 3. 
Step 4. 

Step 5. 

Step 6. 
Step 7. 

Step 8. 
Step 9. 

Step 10. 

Turn the computer off. 

Turn on the TV set. Lower the volume. 

Insert the DOS diskette in the drive and close the latch. 

Remove any cartridges from the slots. Insert your BASIC 

cartridge. 

Turn the computer power on. If it is already on, hold the 

cm and (Ctrl) keys down while you press and release the 

(Del) key. (By the way, if you insert or remove the BASIC 

cartridge with the power on, this happens by itself.) 

Wait for the date question. Press the (Enter—0 key twice. 

Press the (Caps Lock) key. 

Type BASIC and press the (Enters) key. 

If necessary, use (Alt I Ctrl \^) and (Alt 1 Ctrl |^—) to adjust the 

picture. 

Type KEY OFF and press the (Enters) key. 

Writing a Program 
In this section, you will write your first program for the computer. A 

program is a list of instructions for the computer to carry out, one step at 

a time. 
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Read This If You Have Cartridge BASIC 

In this session, you will be writing programs with the BASIC 

SOUND statement. The SOUND statement works a little differently m 

Cartridge BASIC and Cassette BASIC. To keep things simple now, 

you will be using only Cassette BASIC in this session. Later you wi 

learn how the SOUND statement works in Cartridge BASIC. 
If there is a BASIC cartridge in the cartridge slot, do these steps: 

Step 1. 
Step 2. 

Step 3. 

Step 4. 

Step 5. 

Remove any disk from the diskette drive if you have one. 

Remove the BASIC cartridge from the cartridge slot. This 

causes the computer to begin a "warm start. 
Wait 20 seconds for a message at the top of the screen. 

Press the fCaps Lock] key. 
• ' ' - ~ ' and If needed, adjust the picture with (Alt 1 Ctrl 9 

(Alt 1 Ctrl I"-). 
Type KEY OFF and press the (Enter^ key. 

Until now, the computer has carried out each of your instructions as 

soon as you pressed the (Enterkey. However, you may not always 

want it to do things this way. Suppose, for example, that your mstruc- 

tions are long and complicated. In that case, it is better to write them all 

out, read them over, and fix any mistakes you find. Only then woul 

you tell the computer to carry out the instructions. In this session, you 

will learn how to do this. Adjust the volume on your TV as you do the 

steps below. Be sure to type exactly what you read at the left. Com¬ 

puters are very fussy about spelling and punctuation. 

BQF____ Look at the screen as you press 

(Enter —Q. The Syntax error 

message means that the computer 

does not know how to BOP. 

BEEF__ But it can BEEP. 

PRINT 11 BEEF BEEF8* And it can print BEEP BEEP. 

25 BEEF___ Look at the screen. Nothing hap¬ 

pened: no beep or error message. 

32 PRINT “BEEF BEEP” Again, nothing happened. 
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RUN 
Now BEEP and 

PRINT "BEEP BEEP" worked. 

(If you got a Syntax error, 

press (Enter and retype the line.) 

Let's try it again. 

RUN 
It worked again. 

LIST 
Look at the screen. There are the 

lines you entered earlier. 

Putting a number before BEEP or PRINT changes the way the com¬ 

puter does things. Without a number at the beginning of a line, the 

computer acts immediately: It sounds a note or prints letters on the 

screen. With a number, nothing happens when you enter a line: But the 

computer*does remember your lines. 

You have just written your first program for the PC/r. Your program 

has these two lines: 

25 BEEP 

32 PRINT "BEEP BEEP" 

This program is written using a computer language called BASIC. 

(The letters of the name stand for Beginner's All-purpose Symbolic In¬ 

struction Code.) In the BASIC language, each program line starts with a 

line number. The line number is followed by a statement. In the first 

line of your program, the line number is 25. The statement is BEEP. 

The computer does not, however, do what the statement tells it to do 

until you enter the word RUN. RUN is a command. It tells the computer 

to perform all the statements in your program. Commands are special 

words that tell the computer to do something with or to a program. 

LIST is another command your computer understands. LIST tells 

the computer to print the lines of your program on the TV screen. Let's 

try these commands again. Remember to look at the screen whenever 

you press the (Enter key. 

LIST 

RUN 

CLS 

LIST tells the computer to show 

the program. 

RUN says to perform the 

statements in the program. 

That cleared the screen. Is the 

program gone also? 
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LIST No, the computer still remembers 

the program. 

RUN ____ And the computer can perform 

the program again. 

NEW_____ This is a another command. Let's 

see what it did. 

LIST__ Notice the screen. LIST does 

nothing now. The computer no 

longer remembers your program, 

even though you, yourself, can 

still see it on the screen! 

RUN __RUN does nothing now. 

The program you just wrote is very simple. It had only two lines, but 

you can learn a lot from it. Take a moment to think about the answers to 

the questions below: 

What are the two parts of every program line? 
What does the LIST command tell the computer to do? 

What does the RUN command tell the computer to do? 

What word tells the computer to erase the screen? 

What does the NEW command tell the computer to do? 

Line-Number Editing 
The program you just wrote had only two lines. Most programs have 

dozens of lines. A computer program can be very complicated. You will 

spend most of your time at the computer entering and changing pro¬ 

grams. One way to change programs is called line-number editing. You 

will learn how to do that next. 
Be prepared for mistakes when you write programs. All program¬ 

mers, no matter how experienced, make mistakes. If you get a Syn t ax 

error message at any time, press (Enter and retype the line. Be sure 

to spell and punctuate correctly. 

CLS_____ Clear the screen. 

NEM____ Erase any program in the 

computer. 
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10 BEEP 
Be sure to use the number keys to 

enter the line number. 

RUN 

20 SOUND 
LIST 

B5S , 10 

RUN 

30 SOUND 
LIST 
RUN 

523 * 40 

The computer performed your 

one-line program. 

Watch the screen and press 

(Enter^) after each line. Now your 

program has a second line. 

Listen to the two tones. 

Watch the screen and press 

(Enter^) after each line. Now there 

are three lines. 

Here is what your program should look like now: 

ZB 
30 

BEEP 

SOUND 659 t 10 

SOUND 523 > 40 

When you ran this program, you heard three tones. The first was pro¬ 

duced by the BEEP statement in line 1 0. The next two tones were pro¬ 

duced by the two SOUND statements. Note that the tone produced by 

line 30 lasts four times as long as the one produced by line 20. (Why?) 

25 SOUND 587f 10 
Where do you think this new line 

will go in the program? Let's see. 

RUN 
LIST 

Look at the screen. Were you 

right? 

The computer always keeps BASIC program lines in the same order 

as their line numbers. You used this fact to insert a new statement be¬ 

tween line 20 and line 30. Now let's see how to delete a statement from 
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your program. Here is how to get rid of the BEEP statement: 

10____ just type the number and press 

the [Enter —0 key. 

RUN 
L 1ST ____ Look at the screen. Line 10 is 

gone from the program. 

You deleted line 10 by simply typing the number 1 0 and pressing 

the [Enter -J) key. This method works for any line in a program: Just type 

the number of the line and then press the CEnterTj) key. Next, let's see 

how to change a statement in a program. Suppose you want to change 

the duration of the tone in line 30 from 40 to 10. Here is how: 

30 SOUND 523 t 10 
LIST___ Look at line 30 now. 

RUN_Listen to the new results. 

You can change any line in a BASIC program by retyping the line 

using the same line number. Since you have made several changes, use 

the LIST command to make sure your program now looks like this: 

You now know how to do line-number editing: inserting, deleting, and 

changing lines. If your program looks different, use these tools to fix it. 

Now let's add three more lines to your program: 

22 PRINT "MA-11 
27 PRINT "RY” 
40 PRINT ”HADU__ press [Enter *-Q after each line. 

Where will these new lines go? 

LI ST_____ Now you know. 
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RUN 
The computer performs the lines 

in the same order it lists them. (If 

you get a Syntax error, press 

(Enter and retype the line.) 

10 PRINT 
LIST 

There is nothing after PRINT in 

line 1 0. What will line 10 cause 

the computer to do? 

RUN 
Look at the screen. Notice the 

blank line after the word RUN. 

RENUM 
LIST 

The lines are now numbered 

differently. 

_ But they tell the computer to do 

the same thing as before. 

The RENUM command tells the computer to renumber the lines. This 

is useful when you need to make room to insert new lines in a program. 

You will be inserting lines next. After you have used the RENUM com¬ 

mand, your program should look like this: 

10 PRINT 
20 SOUND 659 * 10 
30 PRINT "MA-" 
40 SOUND 587 * 10 
50 PRINT MRY" 

60 SOUND 523 t 10 
70 PRINT "HAD" 

RENUM 100 
LIST 

95 SCREEN 1 
115 COLOR 1 
135 COLOR 14 
155 COLOR 4 

Look at the new line numbers. 

Let's add more lines next. 

Press (Enter after each line. 
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LIST What will this program do? 

RUN____ The program should work the 

same way. (Fix any errors you 

find.) 

Now you have used printed messages, sound, and screen color to¬ 

gether. Let's have the program clear the screen all by itself. 

97 CLS 
LI ST _ Check the program. 

RENUM 100 
LIST 
RUN 
RUN____ Look at the screen as you press 

[Enter ^) after each line. Now the 

program is getting classy! 

The computer screen is still in the graphics mode. (Notice the shape 

of the cursor.) The program would be better if it told the computer to go 

back to text mode. Let's add this statement at the end: 

300 SCREEN 0 _ This teus the computer to return 

to text mode. 

RUN__ We still have a problem: Before, 

the program ended with a red 

screen. This time, there was no 

red screen. 

230 SOUND 327B7* 1 
RUN That worked: The red screen is 

visible now. 

RENUM 100 
LI ST____ Here is the program. 

The SOUND statement is a little tricky. Here is how it works: When 

the computer performs a SOUND statement, it turns a note on. It then 

keeps performing statements. If the computer reaches another SOUND 

statement before the first note is finished, it stops and waits. So your 
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fourth SOUND statement kept the red screen visible until the third note 

was finished. But what does the frequency 32767 mean? Nothing, unless 

you are a bat! The pitch is too high for you to hear. So you get a "rest 

note." Finally, as soon as the computer begins the rest note, it goes on to 

the SCREEN 0 statement and sets text mode. 

Here is how your program should look after you have made all the 

changes: 

100 SCREEN 1 
110 CLS 
120 PRINT 
130 SOUND S53 i 10 
140 COLOR 1 
150 PRINT " M A - “ 
1S0 SOUND 587 t 10 
170 COLOR 14 
180 PRINT "RY" 
130 SOUND 523 * 10 
200 COLOR 4 
210 PRINT "HAD" 
220 SOUND 32787 * 

230 SCREEN 0 

Line-number editing gives you a way to add, delete, or change lines 

in a BASIC program. You will use line-number editing whenever you 

write a BASIC program. So it is a good idea to review how to do it. Take 

a moment to answer the questions below: 

9. 

How would you insert a statement between lines 120 and 140 of 

a program? 
How would you delete the statement in line 50 from a program? 

If you enter a line that has the same line number as a line already 

in a program, what happens? 

What does the command RENUM 500 tell the computer to do? 
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V 

JECT 
When you were running the program now in your computer, you 

probably recognized the music as the first part of "Mary Had a Little 

Lamb." As a project, add the lines to the program that will play more 

notes of the song. 

Don't spend too much time on this project. You don't yet know 

how to save programs, so your work will be lost when you are 

finished. In Sessions 5 and 6, you will learn how to save programs on 

cassette tape or diskette. 

Remember that you can make each note longer or shorter by 

changing the second number in the SOUND statement. You will also 

need to know the frequencies for other notes in the scale. Here is a 

table of frequencies for some of the "white notes" on a piano: 

Note Frequency 

C 523 

D 587 

E 659 

F 698 

G 784 

A 880 

B 988 

C 1046 

The first note in the table is middle C. The last note is the C that is 

an octave above middle C. 

When you have finished working with the program, use the NEW 

command to clear it from the computer before you start another 

program. 

\ 
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To make a computer do what you want 

it to, you must write programs that 

contain your instructions to the machine. In this session, you have 

written and edited your first programs for the PCjr. These programs 

were short and simple. But the ideas you have learned here are the 

main ones you will be using in the future. The new ideas and 

commands in this session are summarized in the tables below. Read 

them carefully and review the session as seems necessary. Again, 

take your time. 

Line-Number Editing 

Changing a line 

Deleting a line 

Inserting a line 

Command 

LIST 

NEW 

RENUM n 

RUN 

Description 

Retype the line, using the same line number. 

Type only the line number, and press the 
(Enter *-») key. 

Choose a line number between those of the 
lines that will go before and after the new line. 

Description 

Tells the computer to print the lines of the 
program on the TV screen. 

Tells the computer to erase the program now 
in memory. 

Tells the computer to renumber the program 
lines. The first program line number is 
changed to new line number n. Every line 
number after that is 10 bigger than the one 
before. 

Tells the computer to perform all the 
statements of the program, starting with the 
first. 
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HOW THE 
COMPUTER WORKS 

SESSION 4 

Session Goals 
• Learn the main parts of any computer. 

Learn how the parts work together to input, process, and output in¬ 

formation. 

Use a simple picture to understand how the computer runs, lists, and 

erases programs. 
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The Information Machine 
In the first three sessions of this book, you have learned to do the things 

that you will need to do most often in your work with the PCjr. You 

know how to start the computer. You know your way around the key¬ 

board. You know how to correct typing errors. And you know how to 

enter programs, run them, change them, list them on the screen, and 

erase them from the computer. Along the way, you have learned the 

BASIC statements for making sounds, changing from text mode to 

graphics mode, setting the background color, printing letters on the 

screen, and clearing the screen. You will be using these skills again and 

again in the future. 

To learn these things, you have had your fingers on the keyboard 

every few seconds. You have been constantly discovering new features 

of the PCjr. You have been frequently entering program lines or com¬ 

mands. At this point, you may feel awash in new information and new 

ideas, especially if you are new to computers. This is a good time for you 

to step back and take another look at what you have seen so far. It is 

time for you to begin learning what a computer is, what it does, and 

how it works. 

That last phrase, "how it works," may alarm you. To use a computer 

happily and successfully, you do not have to understand electronics, 

silicon chips, bits, or bytes. Many people who deal with computers 

every day know little about how they work as electronic machines. But 

you will soon find that it becomes much easier to use the computer 

when you understand how it works as an information machine. 

Whenever you use a computer, you enter information into it. The 

information goes somewhere inside the computer. It gets changed and 

moved around. Finally, the computer puts information back out for you 

to see. In this session, we will begin to develop a picture of the computer 

as a machine for doing things with information. You will see what goes 

on when you enter a program, run it, list it, and erase it. 
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The Parts of a Computer 
Leave the computer. Go find a comfortable chair, take this book, and 

spend the next 15 minutes reading. 
What are the main parts of your computer? There is the keyboard, 

which you use to put information into the computer. Thus, the key¬ 

board is an input unit. The computer puts information out through the 

TV screen and the loudspeaker. Thus, these are output units. Inside the 

computer, information is stored in a part called the memory unit. 

The drawing below shows a useful way of thinking about these three 

main parts of the computer. The mail slot on the top of the box stands 

for the input unit. Information enters the computer through the input 

slot. The scroll of paper on the left stands for the output unit. The com¬ 

puter writes information on the output scroll. If more space is needed, 

the computer turns the scroll up a little. The chalkboard on the right 

stands for the memory unit. The computer writes information on the 

memory chalkboard. The information on the memory chalkboard can 

also be erased. 

INPUT 

What is 

What is 

What is 

the purpose 

the purpose 

the purpose 

of the input unit? 

of the output unit? 

of the memory unit? 
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Putting the Picture to Work 
Let's see how the parts work together when you use the computer. As 

an example, imagine that you are about to enter the eight lines below on 

your PCjr keyboard. Think for a moment about what your PCjr would 

actually do after you entered each line, one after the other. 

Let's start with the first line. Imagine that you have just entered 

PRINT “CAT" through the input slot in our picture of the computer. 

The computer responds by printing PRINT "CAT" on one line of the 

output scroll, CAT on the next line, and OK on the third line. Here is 

how the output scroll and memory chalkboard look afterward: 

OUTPUT 

PRINT “CAT” 
CAT 
OK 

V 

MEMORY ""A 
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The next line entered is 20 PRINT “DOG ". It has a line number. So 

the computer does not perform the PRINT statement right away. In¬ 

stead, it writes the line on the memory chalkboard and output scroll. 

BASIC statements can be used in two ways. In the program mode, 
you type a line number followed by the statement. The computer then 

stores the statement in memory without performing it. In the immediate 
mode, you omit the line number. The computer then performs the state¬ 
ment at once, without storing it in memory. 

The third line to be entered is 1 0 P RIN T "HOT". This line also has a 

line number. Thus, the computer writes it on the memory chalkboard 

and on the output scroll. But notice where it goes on the chalkboard: The 

computer keeps the statements in line-number order in memory. 
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The fourth line to be entered is C L S. This line tells the computer to 

clear the output scroll. However, it does not tell the computer to clear the 

memory chalkboard. 

How do you tell the computer to put a statement into its memory 

unit? 

What determines the order in which statements are listed in the 

memory unit? 

Running the Program in Memory 
The fifth line to be entered is the RUN command. This line tells the 

computer to perform the statements of the program on the memory 

chalkboard. On your PCjr, this happens with lightning speed. It may 

seem to you that the whole program is performed in one step. But it 

actually is done in a series of steps. Let's now look at what happens 

more closely. 

Our picture of the computer needs two new features: The first is a 

line pointer that tells which statement the computer is to perform next. 

The second is a control crank to move the line pointer to the next state¬ 

ment. When the RUN command is entered, the computer first prints 

RUN on the output scroll. It then puts the line pointer at the first line of 
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the program on the memory chalkboard. Here is our new picture of the 

computer: 

CONTROL 
INPUT 

( 
<2 

The cursor is missing because the computer is not ready for input 

now. The computer must always perform the current line—the one 

pointed at by the line pointer. Here is the picture after line 10 is per¬ 

formed: 

OUTPUT MEMORY 

/0 PP/A/T "POT” 
20 PP/NT "DOG" 
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The computer wrote HOT on the output scroll. The control crank 

then moves the line pointer to the next line. 

Now the computer performs the new current line, line 20. It says to 

print DOG on the output scroll. 

Finally, the control crank moves the line pointer down. There are no 

more statements on the chalkboard. Thus, the computer prints OK on 

the output scroll and turns the cursor back on. You can see the picture at 

the top of the next page. The computer has now finished running the 

program. No matter how fast it looks on your PCjr,, running a program 

always means the same thing: The computer reads one statement at a 

time, performs it, and then goes on to the next statement. 
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r OUTPUT MEMORY 
< 5 r A 

OK /0 PR/NT 'HOT" 

RUN 20 PR /NT "DOG" 
HOT m m V 

DOG 

■ 
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OK 

c 
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6. What is the purpose of the line pointer? 
7. How can you tell whether the computer is waiting for input from 

the keyboard? 

Listing and Erasing the Program in 
Memory 

Only three more lines out of the original eight remain to be entered into 

the computer. They are CLS, LIST, and NEW. Here is the picture after 

CLS is entered: 

MEMORY 

/0 PR/NT "POT 
20 PR/NT "DOG 

// 

£ 1 
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The seventh line to be entered is LIST. In many ways, this com¬ 

mand is like RUN. The computer puts the line pointer at the first pro¬ 

gram line on the memory chalkboard, reads the line, prints it on the 

output scroll, moves the line pointer down, and so on. Here is the pic¬ 

ture afterward: 

MEMORY 

/0 PP/NT "WOT 
20 PP/NT "POG 

// 

// 

/ r-=r 

The last line to be entered is NEW. This command tells the computer 

to erase the memory chalkboard, but not the output scroll. Here is the 

final picture: 
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How can you find out if there is a BASIC program in the memory 

unit? 
How are NEW and CLS alike? How are they different? 

Commands and Built-in Programs 
In this session, you have seen what the computer does when you enter 

commands such as RUN, LIST, and NEW. You may have guessed that 

your computer is specially built to recognize and carry out all the com¬ 

mands in BASIC. Fortunately, that is not true. If it were, you would 

need a different computer for every programming language. 

The only reason your computer knows what to do when you enter 

the LI ST command is that some person wrote a special program. It tells 

the computer all the steps needed to list the BASIC program in memory. 

This program, the L I ST program, is contained in a special part of mem¬ 

ory. This part of memory is not erased when you turn off the power. 

Without the LI ST program, your PCjr would still be a computer. How¬ 

ever, it would not know how to list BASIC programs. 
Whenever you enter a BASIC command, the computer immediately 

begins performing one of these built-in programs in its memory. The 

cursor disappears until the program ends. Then the computer says OK 

and puts the cursor back. This tells you that the computer is ready for 

you to enter a command or a program line. 
At first, it may seem to you that computers are very complex and 

very clever machines. In fact, they are simple and lack intelligence. The 

only thing any computer can do is follow instructions just as they are 

given. The cleverness is in the programs, which are written by people. 

Some clever programs are already built into your PCjr. You will be add¬ 

ing others yourself as you learn more about programming. 
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In this session, you have begun to get a 

picture of what goes on inside your 

computer—and every other computer. You have learned the main 

parts of the computer and how they work together. These topics are 

summarized in the table below. If something is not clear to you, 

review that topic in the session. 

Topic 

Input unit 

Output unit 

Memory unit 

Control unit 

Immediate mode 

Program mode 

Description 

The part of a computer used to enter 

information. 

The part of a computer used to give out 

information. 

The part of a computer used to store information, 

including program statements. 

The part of a computer that steps through the 

statements in a program. 

Performing statements as soon as they are 

entered into the computer. In BASIC, statements 

without line numbers are performed in the 

immediate mode. 

Storing statements in memory as they are entered 

into the computer. In BASIC, the RUN command 

tells the computer to perform the statements in 

memory, beginning with the first. 
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SESSION 5 
Session Goals 

• Write copies of programs on cassette tapes. 

Read programs from a cassette tape and write them into memory. 

• Find what programs are written on a cassette tape. 
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Installing and Using the Cassette Unit 
To save programs on a cassette tape, you must have a cassette tape 

recorder connected to your computer. There are many different brands 

and models of cassette tape recorders. Ask your computer dealer to 

show you models that work with the PCjr. The instructions that follow 

are correct for most recorders. If you have any problems, ask your com¬ 
puter dealer for help. 

The IBM cassette cable has a single connector at one end and three 

plugs at the other end. Plug the single connector into the matching 
cassette socket on the rear of the main unit of your PCjr. The letter "C" 

is molded into the computer case next to the cassette socket. 

The other end of the cable has three plugs colored red, black, and 

gray. Connect the black plug to the recorder socket labeled EAR or 
EARPHONE. Then connect the red plug to the socket labeled AUX or 
AUXILIARY. Leave the gray plug disconnected from the recorder. The 

gray plug is needed for automatic operation of the cassette recorder. We 

will show you how to use the cassette recorder by a manual method that 

is easier to learn at first. 

Next, you must apply electric power to your recorder. Plug the 
power cable into the power socket on the recorder. Plug the other end 
into a standard wall socket. If there is a power switch on the recorder, 
turn it on. Your recorder may also operate on batteries. If so, we recom¬ 

mend that you not use battery power when recording computer pro¬ 

grams. When the batteries run down, the recorder motor turns more 

slowly. Later, with fresh batteries, the motor runs properly again. How¬ 

ever, the computer may be unable to read programs recorded at the 

slower speed. 
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Now you are ready to test the recorder. If there is a cassette tape in 
the recorder, take it out. Press the recorder's PLAY key. You should see 

the right-hand tape-drive shaft start turning. If not, check the power 

cable and the power switch. Make certain the gray plug is not connected 

to the recorder. Press the recorder's STOP key. The right-hand shaft 

should stop turning. Press the recorder's REWIND key. The left-hand 

shaft should turn rapidly. Press the STOP key again. The shaft should 

stop turning. 
Finally, you need to adjust the setting on the volume control. If you 

have a prerecorded music cassette, put it in the recorder and press 
PLAY. Temporarily disconnect the black plug from the EAR socket. 
Adjust the volume until the music is fairly loud but does not sound 
distorted. Mark this setting on the volume control knob. Use this set¬ 
ting for your computer work. Reconnect the black plug to the EAR 
socket. If you do not have a music cassette, just set the volume control to 

the middle of its range. 

Which recorder-cable plug goes into the EAR socket? Which plug 

goes into the AUX socket? 

What should you do with the gray plug on the IBM cassette 

cable? 

Saving a Program 
Your cassette tape recorder should be connected to the main unit and 

plugged into a wall socket, as described above. The volume control 

should be turned to the proper setting. If necessary, start your computer 
as outlined in Session 3. 

You will now enter a short program into the computer's memory. 

After that, you will record a copy of the program on a cassette tape. You 

will need a blank tape, or a tape that you do not mind erasing. 

NEW 
CLS Erase the memory and clear the 

screen. 

10 PRINT "HELLO" 
LIST 
RUN This is a short program. 
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Now, let's put a copy of your program on a cassette tape. Here are 

the steps: 

Step 1. Put a tape cassette into the recorder. Close the door. Press 
the REWIND key. After the shafts stop turning, press the 
STOP key. The tape is ready to be used. 

Step 2. Type SAVE "GREETING" but do not press the (Enters) key 
yet. (If you are using Cartridge BASIC and a diskette drive, 

type SAVE " CAS 1 : GREET ING ".) 

Step 3. Press the recorder's RECORD and PLAY keys at the same 
time. Both must stay down. 

Step 4. Wait about 10 seconds. Then press the (Enter —0 key. The 

cursor should disappear while the computer writes a copy of 

your program on the tape. Then you should see OK and the 

cursor on the screen. 

Step 5. Press the STOP key on the recorder. 

Did you notice the 10-second delay in Step 4? Every tape has a non¬ 

recording strip at the beginning called a tape leader. You have to skip 

past the tape leader before you can begin recording on the tape. 

If all went well, you have now written a copy of your program on the 

cassette tape. (If you had any problems, check all cable connections care¬ 

fully.) 

What recorder keys must be down when you are saving a 

program on a cassette tape? 

What BASIC command tells the computer to write a copy of your 

program on tape? 

Loading a Program 

LIST 

RUN 

NEN 
LIST 

You have written a copy of your one-line program on a cassette tape. 

Let's see whether the original version is still in the computer. 

_______ It looks OK. 

____ It still works. 

__ Now it's gone from memory. 
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Next, let's see how to put a copy of the program on the tape back 

into the computer. Be sure the volume control on the recorder is set 

properly. 

Step 1. Make sure the tape cassette is in the recorder and the door 
is closed. Press the REWIND key. After the shaft stops 
turning, press the STOP key. The tape is now in the correct 

position. _ 
Step 2. Type LOAD “GREETING". Then press the (Enter^-») key. The 

cursor should disappear. (If you are using Cartridge BASIC 

and a diskette drive, type LOAD "CAS1 ; GREETING".) 

Step 3. Without waiting, press the PLAY key on the recorder. After 

about 15 seconds, you should see the message GREETINGS 

F o u r» d. In a few more seconds, you should see 0 k and the 

cursor on the screen. (If you see nothing after a minute, go 

on to Step 4.) 
Step 4. Press the STOP key on the cassette tape recorder. 
Step 5. Enter the LIST command. Check to see that the program is 

back in memory. 

If all went well, you moved a copy of the program on the tape into 

the computer's memory. (If you had any problems, check your cables 

carefully. Make sure the black plug is in the EAR socket. Then start over 

with Step 1. If you still have problems, the volume setting may have 

been too low when you saved the program. Try setting the volume 
higher. Then go back to the previous section, "Saving a Program," and 

repeat the steps there.) 

What BASIC command tells the computer to bring into memory a 

copy of a program on cassette tape? 
What recorder key must be pressed to allow the computer to carry 

out the command in question 5? 

Names of Files 
When you used the SAME command, you followed it by the name 

GREETING inside quotation marks. Information is stored on magnetic 

tapes or diskettes in units called files. Each file has a name. Your SAME 

command told the computer to put a copy of your one-line program into 

a file with the name GREET ING ♦ B. The computer added ♦ B to remind 

you that the file contains a BASIC program. 
File names may be from one to eight characters long, not counting 

the ♦ B part. It is a good idea to use only letters and numbers in file 

names. 
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There is a simple way to find the names of all files on a tape: Tell the 

computer to load a file that is not on the tape. Using the file name 
"7.2.7.", go through the first four steps in the previous section. 

If all went well, you should have seen the message 

GREETINGS Skipped during Step 3. After a minute or so, you 

should have seen the message Device timeout just before the 0 K 

message and the cursor returned. Suppose your tape had several files on 

it. In that case, the computer would have printed the name of each one 

along with the message Skipped. 

You can record several programs on one tape. But it is not a very 

good idea to do so. Finding the program you want on the tape can be 

tricky and take a lot of time. Adding a new program is risky: You may 

erase part of an old one. We recommend that you buy a number of very 

short tapes (C5 or CIO would be good). Then put one program on each 

tape. Another good idea is to record the same program twice—once on 

each side of the tape. 

7. What are some examples of legal file names? 

8. How can you find the names of all the files on a cassette tape? 
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In this session, you have learned how to 

move copies of programs back and forth 
between memory and a cassette tape. The commands you used are 

summarized in the table below. Read the table carefully and make 

sure you understand the commands. Review the session as 
necessary. 

Command Description 

SAME "name" Tells the computer to put a copy of the program in 

memory on the cassette tape under the name you 

choose. The computer adds the suffix ♦ B to the 

name. Any other information on that part of the tape 
is erased as the program is recorded. 

LOAD "name" Tells the computer to erase the program now in 

memory and then to move a copy of the program 

named from the cassette tape into memory. 
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SESSION 6 
Session Goals 

• Format a diskette. 

Move programs from the computer onto a diskette. 

Move programs from a diskette into memory. 

List a directory of programs on a diskette. 

• Remove programs from a diskette. 
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Formatting Diskettes 
You will need a diskette drive and a BASIC cartridge in your computer to 

do this session. If you have a cassette tape recorder, read Session 5 

instead. It tells you how to save programs on, and recall them from, tape 

cassettes. 

Diskettes must be formatted before the computer can either write 

information on them or read it from them. A formatted diskette has 

special magnetic marks recorded on it. These guide the computer when 

it writes or reads programs on the diskette. Once you have formatted a 

diskette, you do not have to do it again. The magnetic marks stay on the 

diskette. 

You will need to have at least one formatted diskette. However, it is 

a good idea to format several diskettes at the same time. You can buy 

diskettes at your neighborhood computer store. Be sure to ask for disk¬ 

ettes for the IBM PC/r. 

Follow the steps below to format diskettes. If you already have a 
formatted diskette, skip all these steps. 

Step 1. Turn off your computer if it is on. Then follow the steps 
outlined at the beginning of Session 3. Use Steps 1 through 
10 under the heading "Starting with a Diskette Drive" at the 
bottom of page 37. Leave your BASIC cartridge in the 
cartridge slot. Make sure you see 0 K at the bottom of the 

screen before you go on. 

Step 2. Type SYSTEM and press the (Enterkey. This takes the 

computer out of BASIC and back to the system level. At the 

system level, you see A > instead of OK. (You saw A > during 

the start-up steps.) Before going further, be sure that A> is 
on the screen. 

Step 3. Type FORMAT and press the (Enter key. You should see the 

following new lines on your screen: 

Insert new diskette for drive As 

and strike a ny ke y w hen read y 

Step 4. Remove the DOS diskette from the diskette drive. Place a 
new diskette (or one that contains information you don't 
mind losing) into the diskette drive. Close the latch. The 

diskette label should be up and on the edge of the diskette 

closest to you. 
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Step 5. Press the (Enter —0 key. You will see the message 

Formatting*♦* 

on the screen while the computer formats the diskette. When 

the formatting is complete, you should see a message on the 

screen similar to the one below: 

Formatting** ♦F o r m a t complete 

3S240S bytes total disk space 

3B249S bytes available on disk 

Format another (Y/N)? 

Step 6. Remove the formatted diskette. (If you have several 

diskettes, you should format them all at this time. Place 

another diskette in the drive. Press the QQ key and go back 

to Step 5.) 

Step 7. When your last diskette has been formatted, press the (TT) 
key. At this point, you should once more see A > on the 

screen. This means the computer is back at the system level. 

Step 8. Take the last formatted diskette out of the drive. Put the 
diskette labeled "DOS" back into the drive and close the 
latch. Now do Steps 8 through 10 of the normal start-up 
process summarized at the bottom of page 37. 

When you finish these steps, your computer is back in BASIC. You 

should now see the Ok prompt on the screen. 

Why do you have to format a diskette? 

How can you tell whether your computer is at the system level or 

in BASIC? 
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Saving and Loading Programs 
Take the DOS diskette out of the drive in your computer. Put one of 
your formatted diskettes into the drive and close the latch. You will 

now enter two short programs. You will then write copies of them on 

the diskette. 

Spaces sometimes make no difference in BASIC 
statements. But spaces always matter when they 

are written between quotation marks. The string constant 
" B Y E B Y E" is different from " BYE B Y E". Be careful about 
spaces as you enter the lines below. 

NEW 
CLS 

Erase the memory and clear the 

screen. 

10 PRINT “HELLO" 
LIST 
RUN 

This is a one-line program. 

SAME "GREETING" 

FILES 

The red light on the diskette drive 

should come on. After a few 

moments, the computer should 

print OK on the screen. 

You should see the red light come 

on again. You should also see 

GREETING* BAS on the screen. 

Programs are stored in files on the diskette. The FILES command 

tells the computer to print on the output screen the names of all files on 

the diskette in your diskette drive. Your diskette now has only one file. 

Its full name is GREETING*BAS. The characters ♦ BAS were put there 

by the computer. They mean that the information stored on the diskette 

is a BASIC program. 
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NEW 
LIST 

That erased the program from 

memory. 

FILES 

10 PRINT "SO LONG" 
LIST 
RUN 

SAME "BYEBYE" 

But it is still on the diskette. 

Now you have a new program in 

memory. 

This moves a copy of the new 

program to the diskette. Its file 

name is BYEBYE, BAS. 

NEW 

FILES 

LOAD "BYEBYE" 

LIST 

FILES 

Now it is gone from memory. 

But it is on the diskette along 

with program GREETING. 

The LOAD command tells the 

computer to move a copy of a 

program from the diskette into 

memory. 

Check that BYEBYE was loaded 

into memory. 

Notice that BYEBYE is still on the 

diskette. 

KILL "BYEBYE♦BAS" 
FILES 

BYEBYE is no longer on the 

diskette. 

LIST 
But it is still in memory. 

LOAD "GREETING" 
LIST When GREETING was loaded, it 

took the place of BYEBYE in 

memory. 

Diskette Salving and Loading 71 



KILL "GREETING.BAS" 
FILES 

The File not fo un d message 

means that there are no files left 

on the diskette. 

NEW 
LIST 

GREETING is gone from memory. 

3. What does the FILES command tell the computer to do? 

4. How would you move a program named RECORD from memory 

onto a diskette? 

5. How would you move a program named RECORD from a diskette 

into memory? 

6. How would you erase a program named RECORD from a diskette? 
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Information on a diskette is divided into 
units called files. Your command 

SAUE "GREETING" told the computer to do two things: First, 
create a file named GREETING+BAS. Second, put into the file an 
exact copy of the BASIC program in memory. LOAD "GREETING" 
also told the computer to do two things: First, find on the diskette a 
file named GREETING*BAS. Second, put an exact copy of it into 
memory, erasing whatever was already in memory. 

File names must begin with a letter of the alphabet. They can contain 
only letters and numbers. Not counting the ♦ BAS part, the name can be 
up to eight characters long. 

The table below summarizes the diskette commands you have 
learned in this session. Read the table carefully and make sure you un¬ 
derstand the commands. Review the session if you need to. 

Command 

SYSTEM 

FORMAT 

SAUE "name" 

LOAD " name " 

KILL "name* BAS" 

FILES 

Description 

A BASIC command that tells the computer to 
leave BASIC and go to the system level. 

Tells the computer to record magnetic marks on a 
diskette. The computer uses these marks when 
reading or writing information. This is a DOS 
command, so you must enter the SYSTEM com¬ 
mand first. 

Tells the computer to move a copy of the program 
in memory into the diskette file and store it under 
the name you select. The computer adds the suf¬ 
fix ♦ BAS to the name. Whatever is already in the 
file is erased. 

Tells the computer to erase the program now in 
memory and then to move a copy of the program 
from the diskette file named into memory. 

Tells the computer to erase the file named from 
the diskette. The suffix ♦ B AS must be added after 
the name of the program. 

Tells the computer to show on the screen the 
names of the files on the diskette. 
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INTRODUCTION 
TO GRAPHICS 

Session Goals 

SESSION 

Learn how to draw and erase points on the graphics screen. 

Learn how to draw lines and boxes on the graphics screen. 

Learn how to draw solid boxes in different colors. 

Learn a new way to make changes in program lines. 
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Exploring Graphics 
There are really two important topics in this session. The first is graphics: 

using BASIC statements to draw points, lines, and solids. The second is 

cursor editing: using the cursor arrow keys and special editing keys to 

change a program line without retyping the whole line. We begin with 

graphics. 

In Session 4, you learned that you can give the computer instructions 

in either the immediate mode or the program mode. In the immediate mode, 

the computer carries out the instructions as soon as you press the 

fEnter —Q key. In the program mode, nothing happens until you type RUN 

and press the (Enter key. 

Using the immediate mode is a good way to learn about new features 

of BASIC. That way, you can see what each new feature does as soon as 

you press the (Enter key. In this session, you will work with graphics 

statements using the immediate mode. You will see how these state¬ 

ments tell the computer to plot points and draw lines on the screen. 

Graphics Statements in Immediate Mode 
Turn the computer on as outlined in Session 3. If you do not have a 

diskette drive, use Steps 1 through 7 at the top of page 37. If you have 

a diskette drive, use Steps 1 through 10 at the bottom of page 37. Then 

go on to the activities below. Use the (Shift t) key with the (JT) and f~0~] 

keys to type the parentheses. If you get a Syntax error message, 

retype the line. Remember, spelling and punctuation matter. 

pset am* 0) 
Illegal function call is a 

new error message. PSET is 

illegal on the text screen. 

SCREEN 1 
PSET (100> 0) 

There was no error message this 

time. PSET works on the graphics 

screen. 

Look closely at the top of the screen. There should be a small dot 

about one-third of the way across the screen. PSET is one of the graph¬ 

ics statements on your PCjr. 

COLOR 1 Now you have a blue background. 
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PSET (200 # 0) 
PSET (300# 0) Now you should see three dots 

across the top of the screen. 

The first number after PSET tells the computer how far across the 

screen to place the dot. Zero is at the left edge of the screen and 319 is 

at the right edge. Let's see what the second number does. 

CLS 
PSET ( 160 * 0) 
PSET ( 1S0 # 100) 
PSET ( 1S0 * ISO) Now you should see three dots 

down the center of the screen. 
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The second number after P S E T tells the computer how far down the 

screen to place the dot. Zero is at the top of the screen and 199 is at the 

bottom. 

The statement PSET ( 1 S 0 » 100) tells the computer to draw this 

point: 

The four PSET statements below draw dots at the four corners of the 

screen. You might need to use (Alt I Ctrl 1—d and (aF 

dots. 

Ctrl 3 to see all the 
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Now let's see how to erase a point on the screen. Here is the state¬ 

ment for that job: 

PRESET (160 # 100) Don't press the (Enter *-Q key yet. 
Look at the dot at the center of 
the screen. Now press the (Enter -N 

key. What happened? 

3. 

4. 

What does PSET tell the computer to do? 

How would you tell the computer to plot a point at the upper 

right-hand corner of the screen? 

What numbers stand for the center of the screen? 

What statement tells the computer to erase points from the 

screen? 

Graphics Statements in Program Mode 
You have seen how to use two graphics statements (PSET and PRESET) 

in the immediate mode. Let's shift to the program mode for the next 

experiments. 

NEW 
CLS Erase the memory and clear the 

screen. 

10 CLS 
20 PSET (200# 100) 
30 PSET (280# 180) 
LIST 

RUN 

Check the program. Think about 

where the dots will appear when 

you run the program. 

You should see two dots in the 

lower right-hand part of the 

screen. 

40 LINE (200# 100) 
LIST 

(280# 180) 

_ You have added a new line to the 

program. Notice that the two sets 

of numbers after LINE are the 

same as the numbers after the two 

PSET statements. 
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RUN 
The LINE statement draws a line. 

LIST 

20 
30 
LIST 

Do you think it is necessary to 

have the two PSET statements to 

mark the ends of the line? Let's 

find out. 

Now the program has only lines 

10 and 40. 

RUN 
LIST 

Now you know. 

5. What is the purpose of the LINE statement? 

6. What do the numbers in the LINE statement tell the computer to 

do? 

Cursor Editing 
You have learned the main facts about the first topic in this session: 

drawing points and lines. Now we turn to the second topic: a new way 

to edit a program. 

Look at the lower right-hand corner of the keyboard. You will see a 

group of four keys with arrows printed next to them. You will be using 

these keys along with the (FrT) key in this section. 
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Press the £3 key several times and watch the screen. The cursor 

should move to the right. Press the £==D key a few times and watch 

what happens. The cursor should move to the left. 
You already know how to use line-number editing to remove, re¬ 

place, or insert whole lines. You will next learn how to do cursor editing. 

You will find out how to make changes in a program line without retyp¬ 

ing it. To do cursor editing, you will use the £—)and £E3 keys to move 

the cursor back and forth. 
The following program should still be in memory: 

10 CLS 
40 LINE (200, 100) - (280, 180) 

If it is not, enter it now. Then type the commands below: 

RUN You have seen this before. 

EDIT 40 Line 40 is printed on the screen . 

EDIT 40 tells the computer that you want to edit line number 40. 

The computer prints the line on the screen. It places the cursor at the left 

end of the line and waits for you to do something. (If the computer finds 

a syntax error in a running program, it prints the bad line exactly as if 

you had typed the EDIT command.) 
Use the (—") key to move the cursor to the 2 in 200. Press the 

number key QD and then the (Enters) key. 

LIST Look carefully at line 40. 

Your new line 40 should look like this: 

40 LINE (100, 100) - (280, 180) 
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You changed one character in line 40 without having to retype the 

whole line. Now let's find out what line this tells the computer to draw. 

RUN 
The computer drew a new line. 

EDIT 40 
Let's edit line 40 again. 

Move the cursor over to the 2 in 280. This is a good time to use the 

repeat-action of your keyboard: Just hold the (—Hkey down until the 

cursor is where you want it. Press the number key CD and then the 

(Enter^) key. 

LIST 
RUN 

Still another line on the screen. 

EDIT 40 
Now for a new wrinkle. 

Look at the CD key. Notice the word "End" printed on a green stripe 

below the key. Also find the (Frp key at the upper right-hand corner of 

the keyboard. It has a green border around three sides. The fFn] key is 

called the "function" key. The (Fry) key is like a limited shift key. It gives 

different meanings to all the keys on the keyboard that have green 

stripes below them. 

Here is how to use the function key to move the cursor to the end of 

the line: Press the fFn) key and release it. Now press the CO key. You 

should see the cursor move to the end of line 40. 

In the future, instead of telling you to press these two keys, we will 

say to use the fEnd] function. You must remember to press the fFn] key 

first. The colored stripes will help you remember to do that. 
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With the cursor at the end of line 40, type * » B and press the 

(Enter-J)key. You have added something to line 40. The new line looks 

like this: 

40 LINE (100* 100) - (180* 180)** B 

Now run the program. 

Before, the computer drew a line between the two points. Now, with 

the two commas and B at the end of the LINE statement, the computer 

drew a box with the two points as opposite corners. B is an abbreviation 

for box. 
Use the EDIT command and the (End) function again to change line 

40 to look like this: 

40 LINE (100* 100) - (180* 180)** BF 

List the program and check it. Now run it. The symbol BF says to 

draw a box that is filled with a color. In the next section, you will see 

how to choose the color of the box. 

How would you tell the computer you want to edit line 340? 

What is the purpose of the (End) function? 
How do you tell the computer you want the (End) function? 

How do you tell the computer you are finished editing a line? 
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Controlling Screen Colors 
You have just used the LINE statement to draw lines on the screen. 

When you add a B at the end of the statement, the computer draws 

boxes. When you add BF instead, the computer draws filled boxes. The 

next step is to learn how to control the "fill" color. You will also learn 

more about cursor editing. 

In this section, you will use the (Ins) key to insert characters into a 

line. You will use the [Del) key to delete characters from a line. 

The program below should still be in memory. If it is not, enter it 

now. 

10 CLS 

40 LINE <100* 100) - (180# 180) t t BF 

Next, you will use the EDIT command. 

EDIT 40 
Look at the screen. 

You should see line 40 with the cursor at the left end. Now let's see how 

fPeT) works. 

Use the (—Nkey to move the cursor to the L in LINE. Now, watch 

the screen and press the (Del) key once. The L should disappear. The 

rest of the line should move left one space. Press (Del) three more times. 

Now all of L I NE is gone. Press (Enters)now. Then list the program and 

look at line 40. 
"Del" stands for delete. The (Pep key tells the computer to delete a 

character from the line. The cursor position tells it which character to 

delete. 

Now let's put LINE back into line 40. Type EDIT 40 again. Use the 

(—N key to put the cursor at the second space after the line number. 

Press and release the (Ins) key. Notice the shape of the cursor: It is now a 

short rectangle. This tells you that the computer is in insert mode. 
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Now press the TO key. Notice that the letter L appeared at the cur¬ 

sor position. The cursor and the rest of the line moved one space to the 

right. Finish typing INE. Then press one of the arrow keys. Look at the 

cursor: The computer is no longer in insert mode. Finally, press 

(Enters) and list your program. It should look like this again: 

10 CLS 
40 LINE <100' 100) - (180* 180) * * BF 

The (Ins) key tells the computer to enter insert mode. Characters you 

type after that are inserted into the line at the position of the cursor. 

Touching a cursor key ends insert mode. As always, you must press 

[Enter *-Q when you finish all editing of a line. 

Now let's get back to graphics. You have probably been wondering 

about the two commas at the end of line 4 0. It may seem strange to have 

two commas together separating nothing. You can put a number be¬ 

tween the commas to select a fill color. Cursor editing is the easiest way 

to do this job. 

EDIT 40 Call up line 40 for editing. 

Move the cursor to the comma just before the BF. Press the (Ins) 

key. Notice that the computer is now in insert mode. Type a space and a 

1. Notice that you have inserted two new characters into the line. Press 

the (Enter—0 key. The big cursor is back. This tells you that the computer 

is no longer in insert mode. 

List the program. Here is what it should look like: 

10 CLS 

40 LINE <100* 100) - <180* 180)* 1* BF 

Now run the program. Notice the new color of the box. 

Use the EDIT command and cursor editing to change the 1 before 

BF to a 2. Run the program again. Did the fill color change? Now 

change the 2 to a 3 and run the program again. The box should be white 

once more. 

Call up line 40 again for editing. Move the cursor to the space 

before the 3. Now press the [Del] key. Notice that the space disap¬ 

peared. Press the (Del) key again. Now the 3 is gone. Press (Enter*-Q to 

finish the editing. Then list and run the program. As you see, leaving 

out the fill-color number has the same effect as using 3 for the color. 
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11. What fill colors correspond to numbers 1,2, and 3? 

12. How can you insert new characters into a program line? 

13. How can you delete a character from a program line? 

Duplicating Program lines 
Often when you are writing a program, many lines are almost the same. 

In that case, you can use the EDIT feature of the PCjr to save a lot of 

typing. Call up line 40 for editing. The cursor should be over the 4 in 

the line number. Type 5 and press the (Enter—0key. List the program. 

What has happened? 

Here is what took place: When you changed the 4 to a 5, the line 

number on the screen became 50. Then when you pressed the (Enter —<) 

key, the computer copied the whole line from the screen, just as if you 

had typed it on the keyboard. The line has 50 as its line number. So 

your program has a new line 50 as well as the old line 40. Both lines 

contain the same statement. This is a handy way to make a copy of a line 

without retyping it. 

Use the method you have just learned again. Make a new line 60 

with the same statement as in lines 40 and 50. Here is what your 

program should look like now: 

10 CLS 
40 LINE ( 100 > 100) - ( 180 * 180) t t BF 
50 LINE ( 100 * 100) - (18 0 » 180) > f BF 
G0 LINE ( 100 » 100) - < 180 * 180) n BF 

I 

1 
y 

Now edit lines 40, 50, and 60 so the fill colors look like this: 

r 10 CLS 
40 LINE ( 100 # 100) - (180 * 180) * 1 # BF 

1 

50 LINE ( 100 * 100) - (180 * 180) 12 * BF 
1 
l 80 LINE ( 100 # 100) - (180 t 180) * 3 * BF 

Run the program a few times. You can see the three colors, but they 

change rapidly. Let's improve the picture. 
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In line 50, change the upper left-hand corner numbers from 

(100 # 100) to ( 120 # 120). Then in line 60, change the upper 

left-hand corner numbers from (100# 100) to (140# 140). Now 

list the program and check it out. It should look like this now: 

Then run the program. You should see three overlapping boxes, each 
with a different color. 

Let's make one more box. You will need another LINE statement. 

First, make a copy of line 60, changing the line number to 70. Then 

change the first pair of numbers in line 70 to (160 # 160). Finally, 

change the color number to 0. The new line should look like this: 

70 LINE (160? 160) - (180? 180)? 0? BF 

LIST 
RUN 
-—- Now there are four filled boxes on 

the screen. The smallest one has 

the same color as the background. 

COLOR 2 
----- That changed the background 

color. 
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COLOR 3 
So did that. The big square is still 

there. However, its color is the 

same as the background. 

COLOR a 
The background is red now. 

Type SCREEN 0 and press the (Enteralkey to switch back to the text 
screen. List the program. Run it. The program lists as usual, but it won't 

run. The Illegal function call in 40 error message shows up 

again. It appears for the same reason it did at the beginning of this 

session: Like PSET, LINE works only on the graphics screen. You can 

avoid problems like this by putting a SCREEN 1 statement in any pro¬ 

gram that uses the graphics screen. 

5 SCREEN 1 
6 COLOR 1 
LIST 
RUN 

There should be no error message 

this time. 

In your own words, explain how to make a copy of line 50 in 

which the only difference is that the new line number is S0. 

What happens if you ask the computer to perform a PSET, 

PRESET, or LINE statement while on the text screen? 
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At the end of this project, you will want to save your program on 

cassette tape or diskette. Refer to Sessions 5 and 6 if you have 

forgotten how to save a program. 

The figure below shows the positions of five points on the 

graphics screen. If you connect them one way, you will draw a 

pentagon. If you connect them another way, you will draw a star. 

Write a program using five LINE statements to draw the pentagon. 

Add five more statements to draw the star. Remember to include 

statements at the beginning of the program to switch to the graphics 

screen, clear the screen, and select a screen color. 

When you have finished the program, save it on a diskette or 

tape cassette under the name DESIGN. You may want to show your 

program to friends and explain to them how it works. 

o 
In this session, you learned three new 

graphics statements. You also learned 

how to use cursor editing to change program lines without retyping 

them. These topics are summarized in the tables on the next two 

pages. Take a moment to review each topic. If you are not sure you 

understand a topic, turn back to the section where it is discussed 

and read about it again. Don't move ahead in this book until you 

feel confident that you are. learning things well. 
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Cursor Editing 

EDIT n 

Description 

Command that writes the line with line 

number n on the screen and puts the 

cursor at the beginning of the line. 

After all changes are made, the new 

line is put in memory when the 

(Enter—1) kev is pressed. 

) Right-arrow key; moves the cursor right 

in the edit line. 

Left-arrow key; moves the cursor left in 

the edit line. 

fFn) Function key; gives another meaning to 

a key with a green stripe below it, 

which is pressed next. 

[End) function (Fn) key plus the QD key; moves the 
cursor to the end of the edit line. 

(Ins) Insert key; opens the line being edited 

at the position of the cursor. Characters 

typed after that are inserted into the 

line. Insert mode ends when the 

(Enter -1), ( ), or ( ) kev is 

pressed. 

(Del) Delete key; removes the character at 

the cursor position. All characters to 

the right are shifted left one space. 

Screen Coordinate Description 

X-coordinate Locates a point measured horizontally 

to the right from the left edge of the 

screen. In medium-resolution graphics, 

0 is at the left edge of the screen and 

319 is at the right edge. 

Y-coordinate Locates a point measured vertically 

down from the top of the screen. In 

medium-resolution graphics, 0 is at the 

top of the screen and 199 is at the 

bottom. 
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Statement Description 

PSET (x t y) 

PRESET (x* 

LINE (xl t yl 

Pronounced “point set." Tells the 
computer to draw a point at screen 
coordinates x and y. In medium- 
resolution graphics, the letter x stands 
for a horizontal-coordinate number 
between 0 to 319. The letter y stands 
for a vertical-coordinate number from 0 
to 199. 

f) Pronounced “point reset." Tells the 
computer to erase a point at screen 
coordinates x and y. The letters x and y 
have the same meanings as above. 

) - (x2 t y2) Tells the computer to draw a straight 
line from screen coordinates xl and yl 
to screen coordinates x2 and y2. In 
medium-resolution graphics, xl, yl, x2, 
and y2 stand for coordinate numbers as 
above. The phrases t t B or t n * BF 

can be added to the end of the LINE 
statement, t * B tells the computer to 
draw a box using the points in the 
LINE statement as diagonal 
corners, t n t BF tells the computer to 
fill in the box with fill color n. The 
letter n stands for a number between 0 
and 3. (See below.) 

Table of Foreground Colors 

Color 

Background 
Cyan 
Magenta 
White 

Fill Number 

0 
1 

2 
3 
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SESSION 8 
Session Goals 

• Learn to use the music sublanguage in Cartridge BASIC. 

Learn to read standard music scores in terms of the music sublanguage. 

• Transcribe a simple tune into the music sublanguage. 
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The PLAY Statement 
You don't have to do this session if you don't want to. However, it can 

be a lot of fun. You can do this session only if you have Cartridge BASIC 

on your PCjr. In this session, you will learn how to tell your computer to 

play music. You will tell it to do so using a special language similar to the 

ordinary way music is written. Even if you have never had music les¬ 

sons, you should be able to do most of the things in this session. 

Start the computer with Cartridge BASIC in the usual way. Turn up 

the volume on your TV set, if you are using one. Then go on to the 
activities below. 

CLS 
SOUND 1046 t S*1 

PLAY "C" 

PLAY c 

PLAY UQ» 

PLAY "C D E" 

PLAY H CDE" 

CLS 
NEW 

10 PLAY HC D E F G A B C" 

You have used the SOUND 

statement before. On the piano, 

the C above middle C has a 

frequency of 1046 Hz. A duration 
of 9.1 equals 1/2 second. 

That produced the same note. In 

Cartridge BASIC, PLAY can be 

used as well as SOUND for music. 

Oops! The letters after PLAY must 

be inside quotation marks. 

Oops again! You can play 0 but 

not 0. 0 is not a note on the 
musical scale. 

You can play several notes in a 
row. 

It s OK to leave out the spaces 

between the note letters. 

However, spaces make the 

musical phrase easier to read. 

You can use PLAY in program 
mode. 
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RUN 
Listen. 

Now you have a simple one-line program. It tells the computer to 

play a scale corresponding to the white notes on the piano. Notice that 

the last C in the scale sounded the same as the first. Let's make the last C 
an octave higher. Use the EDIT 10 command and the (Ins) key to 

change line 10 to look like this: 

10 PLAY "C D E F G A B > C" 

Run the program and listen carefully to the scale. This time, the C after 

the > symbol should be an octave higher than the first C. 
Run the program again. Now insert another > symbol after the first 

quotation mark. Line 1 0 should look like this: 

10 PLAY "> C D E F G A B > C" 

Run the new version. This time the whole scale should sound an octave 

higher than it did the first time. The second C should be two octaves 

higher. 

Now use the EDIT command to change the first > symbol in line 

10 to a < symbol. Run the program once more. This time, the scale 

should sound an octave lower than it did the first time you heard it. 

Use EDIT again to insert another < symbol after the first quotation 

mark in line 10. It should now look like this: 

10 PLAY n< CCDEFGAB > C" 

Run this version. You moved the scale down another octave. 

You should think of > and < as "octave-shift" symbols. Each one 

changes the octave in which the notes are to be played. The > symbol 

moves the notes one octave higher. The < symbol moves the notes one 

octave lower. 

There is another way to tell the computer what octave to use. 

Replace the two < symbols by 02 in line 10. Be sure to use the letter 0, 

not the number 0. The line should now look like this: 

10 PLAY "02 C D E F G A B > C" 

Run the program. Notice that the scale sounded the same as it did the 

last time. The symbol 02 tells the computer to begin playing the scale in 

octave number 2. If you do not tell the computer what octave to use, it 

uses octave 4. So two < symbols will lower the pitch to octave 2. That is 

why the two scales you just played sounded the same. 
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You have seen how to play all the "white key" notes of the piano 

scale. Now let's see how to play the "black key" notes. Enter this line: 

20 PLAY "02 C C+ D 
LIST 

E- E F F+ G A- A B- B > CH 

_ Check the new program line 

carefully. It will appear on two 

screen lines. 

__ Now the program plays two 

scales. 

The musical phrase in line 10 tells the computer to play the white 

notes beginning at C in octave 2 and ending at C in octave 3. The musi¬ 

cal phrase in line 20 tells the computer to play the white and black notes 

in the same range. A plus sign after a letter stands for a sharp note. A 

minus sign stands for a flat note. 

Line 20 is very long. So let's break it into two lines and see what 

happens. First, use the EDIT command to make a copy of line 20 with 

the line number changed to 30. Then list the program. Make sure you 

have the same statement twice. 

Second, edit line 20 by deleting all notes after F+. 

Third, edit line 30 by deleting 02 and all the notes through F+. 

Then list the program. It should now look like this: 

Run this version of the program. There should be no change in the 

sound from the last time. Notice that the G in line 30 was played in the 

same octave (octave 2) as the F+ in line 20. Once you set an octave, it stays 
in effect until you tell the computer to change it. 

3. 

4. 

How would you write "F sharp" in the music sublanguage? 

If you type PLAY "H", why will the computer print an error 

message on the screen? 

If you do not give an octave in the PLAY statement, which octave 

will the computer use? 

The computer is playing notes in octave 3. What are two ways to 

tell it to change to octave 4 before playing the next note? 
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Note Lengths and Pauses 
The music sublanguage in Cartridge BASIC gives you a way to play 

every note in the scale in any of seven octaves. The notes are named A 

through G. You may add + for sharps and - for flats. You tell the com¬ 

puter which octave to use by putting in an 0 followed by a number. The 

lowest octave is numbered 0. The highest is B. You saw that if you do 

not tell the computer which octave to use, it picks octave 4. The seven- 

octave range lets you play any of the notes on the piano. 

Of course, there is more to music than playing different notes. Notes 

usually have different lengths. Often, there are also pauses of different 

lengths in the music. The tempo at which music is played changes from 

piece to piece or even within a piece. You will learn how to tell the 

computer about these things next. 

You should have the program below in your computer. If not, enter 

it now. 

Remember that line 10 tells the computer to play the white-note scale 

on the piano. Lines 20 and 30 tell the computer to play a scale with 

both white and black notes. 

15 PLAY "P4" 
LIST 

___ Now there is a pause between the 

two scales. 

There is no note named P in the scale. Instead, a P in a musical 

phrase tells the computer to make no sound. This is exactly the same as 

a rest note. P 1 produces a whole-note rest. P2 produces a half-note rest, 

P4 a quarter-note rest, PS an eighth-note rest, and so on. 

We used P4 for the pause, since the notes you have been playing are 

also quarter notes. Unless you tell the computer otherwise, it always 

plays quarter notes. Let's see next how to change the length of a note. 

Edit line 10 so that it looks like this: 

10 PLAY "02 C8 D E8 F GB A B8 > C" 

Run the program a few times. Listen carefully to the lengths of the 

notes. 
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In the scale, you heard D, F, A, and C as quarter notes. (Remember 

that if you don't specify a length, the computer will play quarter notes.) 

C, E, G, and B were eighth notes, caused by the 8 after each of these 

notes. If a 1, 2, 4, 8, 1 B, 32, or 64 follows a note in a musical phrase, 

that note is played as a whole, half, quarter, eighth, sixteenth, thirty- 

second, or sixty-fourth note. In music notation, these notes and the 

equivalent rests look like this: 

NOTES 

thirty- sixty— 

RESTS 

7. 

What characters would you put into the musical phrase after 

PLAY if you wanted an eighth-note rest? 

Explain in your own words what the musical phrase 03 Cl D2 

Ed F8 in a PLAY statement would tell the computer to do. 

Write a musical phrase for a PLAY statement that tells the 

computer to do the following: Play a complete scale using the 

white keys only, in octave 2, with all sixteenth notes. 

Controlling Tempo and Style 
You have learned a lot about playing music on your computer. You can 

now tell the computer to play any note in any of seven octaves. More¬ 

over, you can also control the lengths of the notes and rests. But there 

are still some elements of good music that you haven't studied yet. 

If you watch an orchestra play, you can easily see that the beat is set 

by the conductor. If the conductor moves the baton faster, the tempo (or 

beat) is higher. The slower the conductor moves the baton, the slower 

the tempo. In addition, the player controls the style in which the music 

is played. Music can be played with no silence between notes (legato) or 

with noticeable silence between notes (staccato). 
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Erase any program you may have in your PCjr. Enter the program 

below. The statements are all the same. Thus, you may want to use the 

EDIT command to copy the first line you type. 

NEN 
100 PLAY "03 C C E E G G 
110 PLAY "03 C C E E G G 
120 PLAY 1103 C C E E G G 
LIST 

RUN 

E2 PI” 
E2 PI" 
E2 PI" 

Check the program for errors. 

You should hear the same phrase 

three times. 

Now let's add three more lines to your program and find out what 

they do, (Don't type NEN now, since you are adding lines to the old 

program.) 

95 PLAY "T60" 
105 PLAY 11T120" 
115 PLAY ”T240H 
LIST 

_ That should have made a big 

difference. 

You can control the tempo at which the computer plays a musical 

phrase by putting a T (which stands for tempo) into a PLAY statement. 

The number following T tells the computer how many quarter notes to 

play per minute. TS0 tells the computer to play 60 quarter notes per 

minute. This is a very slow, or largo, tempo. T240 is very fast, or 

prestissimo. If you do not tell the computer anything about tempo, it will 

use a value of 120, which is the moderato tempo. 

Now let's explore the "connections" between notes. Enter the fol¬ 

lowing lines: 

NEN 

100 PLAY "T240 i" 

110 PLAY "A A A A A A A 
120 PLAY "A A A A A A A 
130 
RUN 

PLAY "A A A A A A A 

Erase the old program in memory. 

p an 
p au 
P4" 

That is pretty long. 
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105 PLAY “ML" 
115 PLAY "MN" 
125 PLAY "MS" 
LIST Check the program for errors. 

RUN Listen carefully to the three sets of 

notes. 

_ Listen again. 

In line 105, ML stands for music legato. Each of the notes is played 

for its full length. The notes run together with no break between them. 

In line 11 5, MN stands for music normal. Each of the notes is played for 

seven-eighths of its full length. You can just barely hear a short break 

between the notes. If you don't have an M in a musical phrase, the 

computer assumes MN, or music normal. Finally, in line 1 25, MS stands 

for music staccato. Each of the notes is played for three-fourths of its full 

length. There is a noticeable break between the notes. You can use these 

features to control the "smoothness" of the music. 

8. What statement would tell the computer to play music in a legato 

style with a tempo of 80? 

9. If the phrase MS T180 02 is used in a PLAY statement, what 

does this tell the computer to do? 

Standard Music Notation 
This section will help you read standard music and write it for the com¬ 

puter. The drawing below shows part of a piano keyboard with each of 

the keys labeled. 
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Music is written on a staff with five lines and four spaces. The draw¬ 

ing below shows the staff in the treble clef with the lines and spaces 
labeled. 

There is a memory trick you can use to remember the names of the lines 

and spaces. The lines are the same as the first letter in each word of the 

phrase "Every Good Boy Deserves Fudge." The spaces form the word 

FACE. 
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The music score below is the complete melody of "Mary Had a Little 

Lamb." Use the tools you have learned about in this session to play 

this music on the PCjr. If you want to save your program and have 

forgotten how, see Sessions 5 and 6. 

The PLAY statement is a good deal richer than we have shown here. 

Now is a good time to learn to use other sources of information about 

your PCjr. If you have the IBM PCjr BASIC reference book, turn to 

Chapter 4. Look up the PLAY statement there. You will find a 

description of the complete form of the statement. There is also a 

general discussion of how it works. Finally, there is a full description 

of all the symbols you can use in the statement. Take a few minutes 

to read the pages that tell about the PLAY statement. 

In this session, you learned how to use 
the PLAY statement to tell the computer 

to play music. You saw that PLAY is always followed by a musical 
phrase in quotation marks. You learned that there are two main 
kinds of musical statements: One tells the computer what notes or 
rests to play. The other tells the computer how to play the notes. The 
table on the next page summarizes this information. Look at it 
carefully. If there is something you still don't understand, go back 
and read about it in the session. 
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PLAY Statement Symbols Description 

A to G Tells the computer to play the note named. 

If the note corresponds to a black key on 

the piano, the letter may be followed by a + 

(sharp) or by a - (flat). Also, each letter 

may be followed by n, a number that tells 

how long to play that single note. Examples 

of the meaning of n are shown in the table 

below: 

n Length 

1 Whole note 

2 Half note 

4 Quarter note 

8 Eighth note 

16 Sixteenth note 

32 Thirty-second note 

64 Sixty-fourth note 

P n Produces a rest. The length of the rest is 

determined by n as shown in the table 

above. 

0 n Sets one of seven octaves. The lowest octave 

is numbered 0, the highest 6. If this symbol 

is not included, the computer uses octave 4. 

Middle C is the C in octave 3. 

> Changes the octave to the next higher 

octave. If the octave is already octave G, no 

change takes place. 

< Changes the octave to the next lower 

octave. If the octave is already octave 0, no 

change takes place. 

T n Sets the tempo to n quarter notes per 

minute. If this clause is omitted, 120 

quarter notes per minute is used. 

ML Stands for music legato. Each note is played 

its full duration and connects without a 

break to the next note. 

MN Stands for music normal. Each note is played 

seven-eighths of its full duration. If no M 

symbol is present, the computer uses this 

mode. 

MS Stands for music staccato. Each note is played 

three-quarters of its full duration. There is a 

noticeable break between notes. 
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efore you go on, now is a good time to take stock of all the 
things you've done and learned so far. You know how to turn 
the computer on. You can write and edit simple programs. You 

can save and load programs on a cassette or a diskette. You can list 
programs on the screen. You can tell the computer to play music and 
draw pictures in color. 

Just as important, you know a lot about what computers can 
do. You know the main parts of a computer. You know how the parts 
work together to carry out commands and to run programs. With all 
this new knowledge and these new skills, you have a right to feel 
very accomplished—and maybe just a bit bushed. 

This is a good time to decide what you want to do next with 
your PCjr. Perhaps you want to use it to help with writing and 
typing. Or perhaps you want the PCjr to help you keep track of your 
record collection or the entries in your address book. Or else you 
may want your computer to play a game. For these uses, all you 
need now are the right programs. Your computer dealer will be happy 
to show you dozens of programs to do these jobs. 

But what if—now or in a few weeks—you want your 
computer to do something for which there is no program? If you 
know how, you can write the program you need yourself. The rest of 
this book will give you the tools you need to write your own 
programs. Part Two begins with the most important tool of all: That 
is a systematic way to break complex problems into simple pieces. 
All your programming in the future will depend on this tool. 

We can't overemphasize the importance of the material in 
Part Two. If you master each of the sessions, you will be able to 
move easily through the rest of the book. On the other hand, lack of 
understanding of the key points in Part Two will return to plague 
you through the rest of the book. Our advice is to take your time 
and review whenever necessary. 
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INTRODUCTION 
TO UBlOOTSflES 

SESSION 9 

Session Goals 
• Group blocks of statements into subroutines. 

Learn how to organize programs using subroutines. 

Learn to use an advanced method of screen editing. 
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Review 
In Part One, you have learned to take control of your PCjr. By now, you 

are familiar with the keyboard. You know how to edit program lines. 

You have used a few BASIC statements in programs. You have explored 

sound and color. Most important, you have started building a mental 

picture of how the computer carries out your commands. 

So far, your programs have been fairly short. Mainly, you have been 

exploring individual commands and statements to see how they work. 

As you learn more, your programs will become longer and more com¬ 

plex. As that happens, you will pay less attention to how each individ¬ 

ual statement works. You will care more about how to organize the 

statements into meaningful units. 

Most beginners try to solve a large programming problem by just 

writing one statement after another. Seldom do they do any planning or 

organizing. This approach is sure to lead to failure and frustration. The 

writer gets lost in the details. Programs written this way are known as 

"plates of spaghetti." They are tangled collections of statements. They 

are hard to read and understand. Changes made in one part of such 

programs often cause unexpected results in other parts. 

There is a well-organized way to write programs. It avoids most of 

these problems. People use the terms structured programming and top- 
down organization to describe this method. In this session, you will 

learn how to use the subroutine. Subroutines are a key part of this better 

kind of programming. 
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Packages of Statements 
In Session 3, you wrote a program that played the first few notes of 

"Mary Had a Little Lamb." As the computer played each note, it 

changed the screen color and wrote messages on the screen. Your pro¬ 

gram was fairly long. If you completed the project and finished the 
song, your program began like this: 

100 SCREEN 1 
110 CLS 

120 PRINT 
130 SOUND 859 * 10 
140 COLOR 1 
150 PRINT " MA - " 
1S0 SOUND 587 * 10 
170 COLOR 14 
180 PRINT .. R y 

190 SOUND 523 * 10 
200 COLOR 4 
210 PRINT "HAD" 
220 SOUND 587 * 10 
230 COLOR 14 
240 PRINT "A" 
250 SOUND 859 * 10 
260 COLOR 1 
270 PRINT "LIT- ! i 

280 SOUND 859 » 10 
290 COLOR 1 
300 PRINT " TLE " 
310 SOUND 659 » 10 
320 COLOR 1 
330 PRINT "LAMB ii 

You can see that a lot of lines are repeated in the program. For example, 

the SOUND and COLOR statements in lines 130-140 are the same as in 
lines 250-260, 280-2S0, and 310-320. 

Your program would be simpler if you could take out the repetition. 

It would be nice to tell the computer certain things only once. These 

include how to play a note, what color to use with that note, and what 

message to print on the screen. You might do so by deciding on a group 

of statements you want to use over and over. Then, whenever you 

wanted to use those statements, you might simply ask the computer to 
perform the whole group. 
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BASIC, like all other programming languages, gives you a way to do 

this. First, you must package the group of statements together into a 

subroutine. Next, you must use a new statement to tell the computer to 

perform the whole package. 

Let's begin by building the package. Our first package will tell the 

computer to do these three things: First, sound the note middle C. Sec¬ 

ond, set the background color to blue. Third, print the word DO (as in 

"do, re, mi..."). Start the computer in the usual way. If it is already on, 
enter the NEW command. Remember to read the comments on the right 
before entering the characters on the left. Now do the things below: 

SCREEN 1 
Set graphics mode. 

100 SOUND 523 * 10 
110 COLOR 1 
120 PRINT “DO” 
LIST 

Check for errors. 

RUN 
Watch and listen. 

If everything went as planned, you first heard middle C (which has a 

frequency of 523 Hz). Next, the screen turned blue. Then, the word DO 

was written on the screen. It took three statements to do these things. 

You can perform this three-statement package by typing RUN. But there 

is another way to do the same things. Let's take a look at it next. 

130 RETURN 
That's a new statement. 

LIST 
RUN 

The program ran, but there was 

an error message about a missing 

GOSUB. 

GOSUB 100 

CLS 
LIST 

This time the three-statement 

package was performed with no 

problems. 

Read the complete program. 
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A block of statements that ends with a RETURN statement is called a 

subroutine. You tell the computer to perform a subroutine with a 

GO SUB statement. The word GO SUB must be followed by the line num¬ 

ber of the first line of the subroutine. You used GO SUB in the immediate 

mode. You can also use it in the program mode. 

The subroutine you've been writing plays middle C, sets the back¬ 

ground color to blue, and prints the word D 0. Here is all of this subrou¬ 

tine: 

f 

V 

100 SOUND 523 * 

110 COLOR 1 

120 PRINT "DO" 

130 RETURN 

10 A 

J 
What statement must go at the end of a subroutine? 

Describe two ways you can tell the computer to perform a 

package of statements. 

Labeling Your Subroutine 
The computer accepted the subroutine you have just written with no 

complaint. Computers pay no attention to matters of style. However, 

style is important to people who work with programs. How easy is it for 

you to read the subroutine? How easy is it for you to read any other part 

of a program? From now on, we will stress style and organization in 

programs. A clear style of writing will make it easy to read, understand, 

and change your programs. Let's begin by adding a remark at the begin¬ 

ning of the subroutine. It will serve to remind you of what the subrou¬ 
tine does. 

90 REM SUB DO 
REM is a new statement. 

CLS 
LIST 
—- This is your subroutine 

GOSUB 90 
The computer should perform the 

subroutine as before. 

90 'SUB DO 
The apostrophe key is just to the 

left of the (Enter *-i] key. 
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CLS 
LIST 

Read the program. Now line 90 is 

different. 

GOSUB 90 
Again, the computer performed 

the subroutine correctly. 

Both versions of line 90 are remark statements. A remark statement 

begins with the letters REM or an apostrophe. When the computer sees 

REM or an apostrophe after the line number, it ignores the rest of the 

line. The remark statement allows you to put any words you want into a 

program. Such remarks make the program easier to read and under¬ 

stand. On your PCjr, you can use an apostrophe as an abbreviation for 

REM. We will do so from now on. 

You should always begin each subroutine with a remark statement that tells 

the purpose of the subroutine. Since this subroutine plays DO, we have said 

so in the remark statement. The word SUB in the remark statement 

reminds you that the package of statements is a subroutine. (Later on, 

you will write other kinds of program blocks. Thus, it is wise to get in 

the habit of labeling them.) 

Next, let's renumber the subroutine lines. This moves them out of 

the way of other lines you will add to the program later. Enter the com¬ 
mand RENUM 1000. Your program should now look like this: 

With what kind of statement should a subroutine begin? 

What does an apostrophe stand for? 

Introduction to Subroutines 109 



The statement GOSUB 1000 tells the computer to perform the 

three-statement package in lines 1010-1040. You could see these 

three statements more easily if they were indented like this: 

1000 'SUB DO 

1010 SOUND 523 » 10 

1020 COLOR 1 

1030 PRINT "DO" 

1040 RETURN 

There is a blank space after each line number. If the statement is a 

remark, an apostrophe goes in the next space. Otherwise, another blank 

space goes there. The subroutine begins in line 1000 with a remark 

statement. It tells the purpose of the subroutine. The subroutine ends 

with the RETURN statement in line 1040. The lines in between are 

indented two extra spaces. This shows clearly that they are the main 

part of the subroutine. This is called the body of the subroutine. 

Now let's add these spaces to the subroutine. You already know how 

to use the ED IT command to make changes in program lines. However, 

there is an easier way to do a job like this: 

Step 1. Clear the screen and list the program. 
Step 2. Press the CD cursor key, which is near the lower right-hand 

corner of the keyboard. Use this key to move the cursor up 

to line 1010. 
Step 3. Use the (—H key to move the cursor to the space after the 

line number. 
Step 4. Press the (Ins) key and type three spaces. 
Step 5. Press the (Enter key. 
Step 6. Repeat Steps 3, 4, and 5 for lines 1020 and 1030 of the 

subroutine. 
Step 7. Repeat Step 3 for line 1040. Press the fins] key. Insert only 

one space this time. Then press the (Enter key. Use the CD 
key to move the cursor down out of the program. 

Step 8. List the program and check for errors. It should look like 

this: 

1000 'SUB DO 

1010 SOUND 523 » 10 

1020 COLOR 1 

1030 PRINT'"DO" 

1040 RETURN 
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Here is how screen editing works: If you place the cursor in a pro¬ 

gram line on the screen and then press the (Enter key, the effect is the 

same as if you had typed the whole line on the keyboard. In the editing 

process on the previous page, you inserted spaces in each line. You then 

pressed the (Enter^-i) key each time. (You could also have deleted or 

retyped characters in the line before pressing the (Enter ^-i) key.) The com¬ 

puter wrote each line into memory with the old line number but with the 

new changes. 

Suppose you need to make several changes in a program. This 

method is much faster than calling up each line with the EDIT com¬ 

mand. If the cursor is at a line that needs no changes, simply press the 

CD key to skip that line. When you are finished, be sure to use the CD key 

to move the cursor below the program. 

Let's explore screen editing a bit more. Use the arrow keys to put the 
cursor on the word OK, which is just below the program listing. Press 
the (Enter ^-i) key. You got the Syntax error message because you 

entered the word OK, which is not a BASIC command or statement. 

Remember, any time you press the (Enter key, you are entering a line 

into the computer. 

Move the cursor to line 1040. Use the (End) function: Press the fFrp 
key first and the CD key second. The (End) function works the same way 

in screen editing as with the EDIT command. This is also true of the 

other editing keys. 

Use the [*—)kev (not the backspace key) to move the cursor to the R 

in RETURN. Hold down the (Ctrl) key. While the (Ctrl) key is down, 
press the fFn) key and then the CD key. (We will call this the (Ctrl | End) 

function in the future.) The (Ctrl 1 End) function is a quick way to delete 

the end of a line. It chops the line off from the cursor position to the last 

character. 
Next, press (Esc). It is on the upper left-hand corner of the keyboard. 

The (Esc)key erases the whole line from the screen. Use (Esc) to erase the 
other four program lines. 

Your program listing is no longer on the screen. However, it is still in 

memory. (Thus, you did not change the version in memory. You did not 

press the (Enter key while editing.) Here is an easy way to get a new 

listing: Move the cursor to the word LIST and press the (Enters)key. 
This has exactly the same effect as typing LIST and pressing the 

(Enter ^) key. 

Finally, let's explore the (Home) function. Press the fFn) key and re¬ 
lease it. Then press the CD key. (In the future, we will refer to this key 

combination as the (Home) function.) Notice where the cursor is now. 

This is called the "home" position. Hold down (Ctrl). While it is down, 
use the (Home) function again. This clears the screen and sends the cur¬ 

sor home. Enter the LIST command. Notice that the (Ctrl 1 Home) func¬ 

tion erased the screen but not the memory. 
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We've now taken a look at all the editing keys. In case you're won¬ 

dering, the (PgUp) and (PgDn) functions have no effect in BASIC. The 

other editing keys may be used with the EDIT command. They can also 

be used to edit any line on the screen. The changes you make in a line 

take effect only when you press the (Enter *-<) key. When you do that, the 

whole line is entered into the computer. The effect is the same as if you 

had typed the line on the keyboard. Suppose you make a change and 

forget to press (EnterIn that case, the change exists on the screen 

only. 

7. 

What are two ways to clear the screen on your PCjr? 

What are the different effects of the (End) function and the (Ctrl | End) 

function? 

A friend says, "Look at line 320. I just edited it. You can see the 

changes at the top of the screen. I listed the program and you can 

see that line 320 wasn't changed. Why?" What did your friend 

probably forget to do? 
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f“* | I j|fj In this session, you wrote your first 

subroutine. You used the GOSUB 

statement to tell the computer to perform the subroutine. Finally, 

you used screen editing to indent the body of the subroutine. The 

table below summarizes these new ideas. Read the table carefully. If 

you find anything you don't understand, review the session. 

Statement 

GOSUB n 

RETURN 

REM 

Editing Feature 

CD CD 

(Ctrl 1 End) function 

(Home) function 

(Ctrl 1 Home) function 

Description 

A statement telling the computer to perform the 

subroutine beginning at line n. The letter n 

stands for the line number. 

A statement telling the computer to stop 

performing the statements in a subroutine. 

A statement that allows you to put any remark 

you want into a program without affecting the 

way the program works. (In this version of 

BASIC, you may use an apostrophe to stand for 

REM.) 

Description 

Up-arrow and down-arrow keys move the 

cursor from line to line on the screen. 

Deletes all characters to the end of the current 
program line, beginning with the character at 

the cursor position. 

Moves the cursor to the upper left-hand corner 

of the screen. 

Clears the screen and puts the cursor at the 

upper left-hand corner. 
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WRITING 
A PROGRAM 
WITH 
SUBROUTINE 

SESSION 10 
Session Goals 

• Learn two modes of playing music. 

Add two subroutines to the one you wrote in the last session. 

• List a specific block of program lines. 

• Write a main routine to control the subroutine. 

• Start building a subroutine "toolkit." 
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At the end of this session, you will be asked to 
save a fairly long program. You should have a 

cassette recorder or a diskette drive for this and future sessions. If 
you have forgotten how to save programs, refer to Sessions 5 and 6. 

y 
The SOUND Statement in 
Cartridge BASIC 

In Session 3, we told you that the SOUND statement works differently in 

Cassette BASIC and Cartridge BASIC. Now is the time to learn the differ¬ 

ence. You will need to know about this difference whether you are using Cassette 
BASIC or Cartridge BASIC. 

In Session 3, you found that the first SOUND statement in a program 

tells the computer to start playing a note. Before the note is finished, the 

computer goes on to the next statement in the program. It keeps per¬ 

forming statements until it reaches another SOUND statement. What 

happens next will depend on whether you are using Cassette BASIC or 

Cartridge BASIC. 

In Cassette BASIC, the computer always halts until the previous 

note has finished playing. Then the new SOUND statement starts a new 

note, and the computer goes on performing statements until it reaches 

another SOUND statement. This way of playing music is called the fore¬ 
ground music mode. 

This mode is also available in Cartridge BASIC. However, in addi¬ 
tion, Cartridge BASIC has another mode called background music 
mode. In background mode, the computer does not halt when it reaches 

each new SOUND statement. Instead, the computer puts each new note 

value in a special place in memory called the music buffer. Then the 

computer goes on to the next statement in the program. 

The music buffer in Cartridge BASIC can hold data for 32 notes. 

Thus, the computer can perform 32 S 0 U N D statements in a row without 

halting. (After that, the next SOUND statement will cause a halt until 

there is room in the buffer.) While there are any notes in the buffer, the 

computer will play them, one after the other. 

Background mode has some interesting uses in advanced program¬ 

ming applications. But it can be very confusing at first. After all, the big 

idea in programming is that the computer does one step at a time, in 

order. Background mode seems to break the rule: The computer is both 

playing music and performing statements at the same time. 

Actually, there is no real mystery about background mode. Your 

PCjr has two separate processor chips. One processor plays music 

notes, one at a time. The other processor performs statements, one at a 

time. Each processor works by itself. Thus, both can be doing something 

at the same time. 
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The main problem with using background mode in a program is that 

there is no easy way to keep your SOUND statements in step with 

PRINT or other statements. The computer just keeps going ahead, per¬ 

forming all the statements in your program. Usually, that is not what 

you want to happen. So, even if you have Cartridge BASIC, you will 

usually want to avoid background mode. 

That sounds easy. Unfortunately, it is not as easy as it sounds. Cart¬ 
ridge BASIC automatically sets background mode whenever you enter the RUN 

command. 
That means you must add a statement to your Cartridge BASIC pro¬ 

grams to tell the computer to set foreground mode. The statement is 

this: 

PLAY "MF" 

The symbol MF stands for "music foreground." (You can also use MB in 

the PLAY statement. It returns the computer to background mode.) 

From now on in this book, we will begin adding PLAY "MF" 

statements to all programs that use SOUND statements. This addition 

will make Cartridge BASIC programs work correctly. Unfortunately, it 
will also cause an error message if used in Cassette BASIC programs. 

Warning to Cassette BASIC Users! 

In the rest of this book, ignore all program lines that contain 
a PLAY "MF" statement. Do not use this statement in your 
programs! 

You do not need this statement: The foreground mode is the 

only one available in Cassette BASIC. In addition, the PLAY 

statement does not exist in Cassette BASIC. Using PLAY will lead 

to a Syntax error message. 

2. 

What statement must be added to a Cartridge BASIC program to 

make SOUND statements work the same way as in Cassette 
BASIC? 

If you add the statement referred to in question 1 to a program, 

what will happen when you run the program in Cassette BASIC? 

Writing New Subroutines 
Now, let's return to the topic of subroutines. If you just finished Session 

9, the subroutine listed at the top of the next page should be in memory. 

If not, start your computer and enter the subroutine now. Be sure to 
indent the body of the subroutine properly. 
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If you are using Cartridge BASIC, add the line below. If you are using 
Cassette BASIC, leave the line out! 

1005 PLAY "MF" 

In this session, you will develop a series of subroutines, or blocks of 

statements. Each of these subroutines plays a note, sets the screen color, 

and writes the name of the note on the screen. The subroutine above 

does that for middle C. That note is do in the do, re, mi scale. 

Now, let's write a similar subroutine for D, or re. Here is what it 

should look like in the Cartridge BASIC version: 

Notice that subroutine RE and subroutine DO are not very different. 

Whenever you see two blocks of statements that are almost alike, you can usually 
save time by editing the old block to produce the new one. You can use screen 

editing to change the line number of a line and then press the (Enter 

key. The computer then copies the new line, but it keeps a copy of the 

old one too. You did this before while using the EDIT command. You 

can do the same thing in screen editing. List subroutine DO. Then use 
the new editing method you have just learned in Session 9 to make a 
new subroutine. 

It is a good idea to use blank lines to separate subroutines from one 

another. This makes them easier to read. Unfortunately, there is no way 

to enter a completely blank line. Every line needs a line number. Sup¬ 

pose you enter just a line number and press the (Enter key. If you do 

so, you are telling the computer to delete that line from the program. So 

that method won't work. 
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The way out is to enter a remark statement. Just use the apostrophe 

abbreviation, but don't put anything after the apostrophe. Add the 
blank remark at line 1090. When you are finished, your Cartridge 

BASIC program should look like this: 

1000 'SUB DO 

1005 PLAY " M F " 

1010 SOUND 523 t 
1020 COLOR 1 

1030 PRINT "DO" 
1040 RETURN 

1090 / 

1100 'SUB RE 
1105 PLAY " MFH 
1110 SOUND 597 # 
1120 COLOR 2 
1130 PRINT ■RE" 
1140 RETURN 

10 

10 

Now let's try running each of the subroutines. We will use the 

GOSUB statement in the immediate mode. 

SCREEN 1 
Switch to graphics mode. 

GOSUB 1000 
That produced a blue screen and 

the note DO. 

GOSUB 1100 
That produced a green screen and 

the note RE. 

SCREEN 0 
Switch back to text mode. 

What lines contain the body of subroutine RE? 

Why should the body of a subroutine be indented? 

What is the purpose of a "blank" line between subroutines? 
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Adding More Subroutines 
Now you should have two subroutines in memory. Each subroutine 

packages the statements for a single job. Next, let's add two more. 

Below is the third subroutine in the Cartridge BASIC version. (If you are 

using Cassette BASIC, leave out the PLAY statement.) 

And here is the Cartridge BASIC version of the fourth subroutine: 

You can enter these new subroutines in one of two ways: Type each 
on the keyboard. Or use screen editing to make the new subroutines 
from the previous one. When you have finished, use the LIST com¬ 
mand to print all four subroutines on the screen. 

You have a new problem. The program is getting too long to fit on 

the screen. You will now learn how to list parts of programs. That way, 

you can take a look at any part of a long program. 

LIST -1090 
There is the first subroutine. 

LIST -1190 
There are the first two. 

LIST -1290 
There won't be room for all four 

subroutines on the screen. 
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LIST 1300- 
There is the last subroutine. 

LIST 1200- 
There are the last two 

subroutines. 

As you have seen, LIST tells the computer to print on the screen the 

lines specified by the line numbers that follow. If you put a dash before 

the line number, the computer lists all the lines from the beginning of 

the program up through that line number. If you put a dash after the 

line number, it lists all the lines from that line number through the end 
of the program. 

More often, you will want to list a particular block of lines within a 

program. You may have already guessed how to do that. 

LIST 1100-1100 

LIST 1200-1280 

LIST 1005-1030 

LIST 1030-1005 

There is the subroutine for RE. 

There is the subroutine for M I. 

And there is the body of the 

subroutine for DO. 

Nothing happens if you try to list 

a block in reverse order. 

You can list any part of a program by putting a line-number range 
after LIST. The computer will print all statements that have line num¬ 

bers in that range. For example, LIST 200-350 tells the computer to 
list all the lines from 200 through 350. 

Suppose you can't remember the line-number range of the block of 

statements you want to see. One way to solve the difficulty is to list the 

entire program. Then stop the listing process when the part you are 

interested in scrolls by on the screen. You can do this by pressing and 

releasing the (FrT) key and then pressing and releasing the (o}key. (No¬ 

tice the word "Pause" under the @ key: In the future, we'll call (Fn) 

followed by O the (Pause) function). To restart the listing of the pro¬ 
gram, press any key in the symbol group. 

Practice using the (Pause) function: Enter the LIST command, and 
quickly tap the (Frp key and then the QY) Ley. Now press any symbol 
key. Use the (Pause) function again. Press another symbol key. 
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8. 

What command tells the computer to list all statements in a 

program up through line 375? 

What command tells the computer to list all statements in a 

program from line 440 to the end? 

How would you tell the computer to list all statements in the 

line-number range 240 through 425? 

Putting GO SUB Statements in a Program 
You now have four subroutines in memory. You can use a GO SUB state¬ 

ment to tell the computer to perform any of the subroutines. So far, you 

have used the GO SUB statement only in the immediate mode. Now it's 

time to learn how to use the GOSUB statement in the program mode. 

Enter these lines: 

SCREEN 0 
Return to text mode. 

100 7 PROGRAM NOTES 
110 SCREEN 1 
120 GOSUB 1200 
200 END 
S99 ' 
LIST -1200 

This is the first part of the 

program. What will it do? 

RUN 
Were you right? 

130 GOSUB 1100 
140 GOSUB 1000 

Put four spaces after each line 

number. 

LIST -200 Make certain line 200 is still 

there. What will the program do 

now? 

RUN Were you right? 

120 
130 
140 
CLS 
LIST -200 What will happen now? 
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RUN 

120 GOSUB 1000 'DO 
130 GOSUB 1100 'RE 
140 GOSUB 1200 'MI 
150 GOSUB 1300 'FA 

CLS 
LIST -200 

RUN 

Did that surprise you? 

Be sure to put an apostrophe 

before DO, RE, MI, and so on. 

What will this do? 

Right? 

The last version of program NOTES should have played a four-note 

scale. The program began like this: 

100 ' PROGRAM NOTES 

110 SCREEN 1 

120 GOSUB 1000 ' DO 

130 GOSUB 1100 'RE 

140 GOSUB 1200 'MI 

150 GOSUB 1300 'FA 

200 END 

When you entered the RUN command, the computer began at the 

first statement. It was a remark statement, so the computer skipped it. 

The next statement told the computer to set graphics mode. Then 

GOSUB 1000 told the computer to perform the subroutine beginning at 

line 1000. In the same way, GOSUB 1100, GOSUB 1200, and 

GOSUB 1300 told the computer to perform subroutines beginning at 

lines 1100, 1200, and 1300. Finally, the END statement in line 200 

told the computer to stop performing statements and turn the cursor 

back on. 

This block of statements is called the main routine. A main routine 

should always begin with a remark statement. You use it to tell the 

purpose of the program. In this case, the purpose is to play notes. The 

main routine must end with an END statement. The statements in be¬ 

tween form the body of the main routine. Usually, most of the state¬ 

ments in the body of the main routine are GOSUB statements. They tell 

the computer which subroutines to perform and in what order. You 

found that when there were no GOSUB statements, the computer did 
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not perform any of the subroutines. Each GO SUB statement in a main 
routine should be followed by a trailing remark. This is an apostrophe 
and a word or phrase that tells the purpose of the GOSUB. 

The main routine is always at the top of the program. That is so 
because the computer begins performing statements from the top. The 
main routine is like a directory of what is happening in the program. In 
this case, the directory is quite simple. It describes the order in which 
the notes are to be played. 

What is meant by the "body" of the main routine? 
What kind of statement should go at the beginning of a main 
routine? 
What kind of statement must go at the end of a main routine? 
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V. 

pi®| 

Be sure to do the first three projects below. Then 

save your nine subroutines on cassette tape or 

diskette, as explained in Sessions 5 and 6. You will need to use these 

subroutines again in later sessions. 

eon icpTC i UP %JP L Up I 43 

—.— 

You have completed subroutines for the first four notes in the scale 

beginning at middle C. Write the four subroutines needed to 

complete the eight-note scale. Use the table below to get the correct 

frequencies for the SOUND statement. Change the main routine to 
play the whole scale. 

Note Name Frequency 

C do 523 
D re 587 
E mi 659 
F fa 698 
G sol 784 
A la 880 
B ti 988 
C do 1046 

Musical notes sound better if there is a short pause after each note is 
played. The statement 

SOUND 32767 » 1 

will cause such a short pause. Add this statement just before the 

RETURN statement in each subroutine. It should go after the PRINT 

statement in each subroutine. Run the program and listen for the 
pause after each note. 
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Most music needs “rest notes." A rest causes a fixed amount of 

silence. You can get 10 clock ticks of silence (about half a second) by 

using this statement: 

SOUND 327S7* 10 

Create a new subroutine, beginning at line 1800, that tells the 

computer to "rest" for 10 clock ticks. 

When you have finished, delete your main routine. (You can do 

this by entering the command DELETE 100-200.) Then save the set 

of nine subroutines on either cassette tape or diskette under the name 

TOOLKIT. See Sessions 5 and 6 for a reminder about saving 

programs. 

(Optional) Use the new subroutines to play "Mary Had a Little 

Lamb." Write a new main routine that contains a GOSUB statement 

for each of the notes shown below. (You may want to save the 

program when you finish.) 

mi, re, do, re, mi, mi, mi, rest 
re, re, re, rest, mi, mi, mi, rest 
mi, re, do, re, mi, mi, mi, rest 
mi, re, re, mi, re, do 

(Optional) Rewrite the main routine to play "Twinkle, Twinkle Little 

Star." The notes are given below. (You may want to save the 

program when you finish.) 

do, do, sol, sol, la, la, sol, rest 
fa, fa, mi, mi, re, re, do, rest 
sol, sol, fa, fa, mi, mi, re, rest 
sol, sol, fa, fa, mi, mi, re, rest 
do, do, sol, sol, la, la, sol, rest 
fa, fa, mi, mi, re, re, do, rest 
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In this session, you learned how to 

group blocks of statements into 

subroutines. You told the computer to perform a subroutine with the 

GO SUB statement in the main routine. The new statements and 

commands are summarized in the table below. Read the table 

carefully. If anything is still unclear to you, go back and review the 

session as needed. 

Topic 

Background music 

mode 

Foreground music 

mode 

PLAY "MB" 

PLAY "MF" 

f Pause) function 

LIST m-n 

LIST -n 

LIST n- 

END 

Description 

Music notes in SOUND and PLAY statements 

are not played immediately. Instead the note 

values are placed in memory, and the 
computer continues performing statements in 

the program. 

Music notes are played immediately unless a 

previous note is still sounding. If the note 

cannot be played, the computer halts and 

waits for the previous note to finish. 

A Cartridge BASIC statement that sets music 

mode to background. 

A Cartridge BASIC statement that sets music 

mode to foreground. 

The (By) key followed by the fcp key. It tells the 

computer to pause while listing or running a 

program. The pause ends whenever you press 

any symbol key. 

A command that tells the computer to print 

on the screen the lines of the program with 

line numbers in the range m through n. 

A command that tells the computer to print 

on the screen the lines of the program from 

the beginning through line number n. 

A command that tells the computer to print 

on the screen the lines of the program from 

line number n through the end. 

A statement used to mark the end of a main 

routine. It tells the computer to stop 

performing the program. 
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SESSION 11 
Session Goals 

Review the way subroutines work. 

Review the form of main routines and subroutines. 

Use top-down design to plan a new program. 
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Review 
Now is a good time to review what you have learned about subroutines 

and top-down programming. Enter the NEW command. Then leave the 

computer. Spend the next 15 minutes or so reading this session. When 

you have finished reading, you will have some programming projects to 

do. 

In Sessions 9 and 10, you saw how you can build complicated pro¬ 

grams from groups of statements called subroutines. Each subroutine 

used simple BASIC statements to define a complex action. You learned 

that the GO SUB statement tells the computer to perform a subroutine. 

You used the GOSUB statement in the immediate mode. You also used 

GOSUB inside the main routine of a program. 

The important thing about subroutines is that they give you a way to define 
new actions for the computer to carry out. You learned in Session 9 that there 

is no single BASIC statement you can use to tell the computer to do a 

certain group of things. These things include setting music foreground 

mode, playing middle C, changing the background color of the screen to 

blue, and printing the word DO on the screen. But you can make the 

computer do these things by adding these statements to your program: 

1000 ' SUB DO 

1005 PLAY " _n
 

1010 SOUND 523 ♦ 10 

1020 COLOR 1 

1030 PRINT "DO" 

1035 SOUND 32767 f 1 

1040 RETURN 

Then, any time you want the computer to do this group of things, you 

need only put the line GOSUB 1000 in your program. 

You put GOSUB statements in a program that played "Mary Had a 

Little Lamb." The order of the notes played was determined by the 

order of the GOSUB statements. GOSUB is the statement that tells the com¬ 
puter to perform the action defined in the subroutine. If there is no GOSUB 

statement in the main routine, the computer will not perform the sub¬ 

routine. If the same GOSUB statement appears twice in the main rou¬ 

tine, the computer will perform the subroutine twice. 

What part of a program tells the computer how to carry out a 

new action? 

What tells the computer to perform a subroutine? 

Suppose that a program contains two subroutines. What 

determines the order in which the computer performs the 

subroutines? 
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Structure of a Well-Written Program 
A well-written computer program is like a well-written English composi¬ 

tion. Both are easy to read. 

The first few sentences of a composition should explain what the 

whole composition is about. Each major idea should be in a separate 

paragraph. Each paragraph should have a topic sentence. Paragraphs 

should be separated from one another by blank lines. 

The routines of a well-written program are like the paragraphs of an 

English composition. The main routine should tell what the whole pro¬ 

gram is going to do. Each major action should be in a separate subrou¬ 

tine. Each subroutine should have a name that gives the reader an idea 

of what it will do. Subroutines should be separated from one another by 

blank remark lines. 

When you are writing an English composition, you must check your 

spelling and punctuation. When you are writing a program, the com¬ 

puter checks your spelling and punctuation. When you are writing a 

composition, you must organize your ideas and write them clearly. Un¬ 

fortunately, the computer does not help you organize your programs so 

they are clear and easy to read. The computer will run hard-to-read 

programs without complaint. So it is up to you to learn a few rules that 

will make your programs easy to write, read, and change. 

The best way to start both an English composition and a computer 

program is with an outline. Here is a general outline that works for all 
programs: 

I. Main routine 

II. First subroutine 

III. Second subroutine 

IV. Third subroutine 

etc. 

Every program that contains subroutines should begin with a main 

routine. It is usually short. It gives a complete picture of the whole 

program, but it leaves out the details. No matter what the program does, 

the structure of the main routine should be the same. Here is an outline: 

_'PROGRAM name of program 

body of main routine 
(mostly GOSUB statements) 

END 
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The blanks show where line numbers will go. The first statement in 

the main routine should be a remark statement giving the name of the 

program. The last statement must be an END statement. The remark 

statement opens the main routine. The END statement closes it. The 

body of the main routine tells which subroutines are to be performed 

and in what order. 

The details of a program appear in the subroutines. All subroutines 

have the same form, no matter what they do. Here is an outline: 

_'SUB subroutine name 

body of subroutine 
(mostly not GOSUB statements) 

_ RETURN 

Every subroutine should begin with a remark statement that names the 

action the subroutine defines. Every subroutine must end with a R E T U R N 

statement. The remark statement opens the subroutine. The RETURN 

statement closes it. The body of the subroutine contains the statements 

that define the action of the subroutine. The body of a subroutine can 

contain a GOSUB statement to another subroutine. Each subroutine is a 

tool for doing a certain job. When a subroutine has a GOSUB to another 

subroutine, it is an example of one tool using another. 

It is a good idea to indent the body of each routine. Indentations 

make it clear where the body begins and ends. Blank remark lines be¬ 

tween routines make it clear where one routine ends and the next one 

begins. 

Some of the rules given above are required by the computer: There 

must be an END statement between the main routine and the first sub¬ 

routine. There must be a RETURN statement at the end of every subrou¬ 

tine. (In Session 12, you will see what happens if you break these rules.) 

Other rules given above are not required: The computer ignores remark 

statements, indentations, and blank lines. These things have only one 

purpose: to make it easy for you and others to read your programs. 

4. What goes at the top of a main routine? 

5. What goes at the bottom of a main routine? 

6. Why must the body of the main routine contain GOSUB 

statements if the program has subroutines? 

7. What is the purpose of the RETURN statement? 

8. Why should the body of a routine be indented? 

9. What is the purpose of blank remark lines in a program? 
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Top-Down Design of a Program 
Let's use the outlines you have learned to help you design a new pro¬ 

gram. Suppose you have three friends named Ana, Nan, and Ann. All 

of them want to see their names in lights. You decide to write a program 

to do just that. You decide to make the letters in their names appear in a 

vertical line down the screen. The program will have a subroutine to 

print a big letter N. The program will have another subroutine to print a 

big letter A. With these two subroutines, the program can spell all three 

names. 

You may be asking yourself these questions: How can I make the 

computer print a big N? A big A? It is easy to get bogged down in details 

like these when you are trying to solve a problem. It is almost always 

better to ignore such details at first. Start with the main routine. Figure 

out what it must tell the computer to do. There may be no BASIC state¬ 

ments that tell the computer to do what you want it to do. In that case, 

use a GO SUB statement instead. 

Below is an outline of the main routine. It is written partly in English 

and partly in BASIC. 

100 ' PROGRAM NAMES 

110 clear screen 
120 print a big N 
130 print a big A 
1 40 print a big N 
150 END 

You can tell the computer to perform line 110 with a single BASIC 

statement. That statement is CLS. To perform line 120, the computer 

will need several PRINT statements. Together, they will make a letter 

like this one: 

\ / \/ V 
/\ /\ /\ 

\/ \/ \/ \/ 
/\ /\ /\ /\ 

\/ \/ 
/\ /\ 

V V 
/\ /\ 

v V /\ /\ 

\/ \/ 
/\ /\ 

\/ \/ 
A /\ 

\f 
/\ /\ 

\/ \/ \/ \/ 
/\ /\ /\ /\ 

V V V 
/\ /\ f\ 

V V 
/\ /\ 

You might also use one or more empty PRINT statements to put blank 

lines between the letters. 
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Let's not worry about the details of the PRINT statements now. 

Instead, we will "bury" them in a BIG N subroutine. We can write that 

subroutine after we finish the main routine. Here is the completed main 
routine, plus an outline of the subroutines: 

100 'PROGRAM NAMES 
110 CLS 
120 GOSUB 400 'BIG N 
130 GOSUB 600 'BIG A 
140 GOSUB 400 'BIG N 
150 END 
390 / 

400 'SUB BIG N 

- print big N 

500 RETURN 
590 / 
600 'SUB BIG A 

- print big A 

700 RETURN 

From now on, you can fill in the program details. In the projects at 

the end of this session, you will finish the subroutine for big N and the 
subroutine for big A. 

The method you have been using to solve this problem has a name. 

It is called top-down programming. Here are the steps you used: 

The Rules of Top-Down Programming 

Step 1. Write an English version of the body of the main routine. 

Step 2. Convert into BASIC each English phrase that you can 

express by one or two BASIC statements. 

Step 3. If you cannot convert the English phrase into one or two 

BASIC statements, convert it to a GOSUB statement. 
Step 4. After you convert all the English phrases in the main 

routine, repeat this whole process for each subroutine 
named in Step 3. 
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Top-down programming has two good effects: First, it makes you 

think about what the whole program is supposed to do. Second, it keeps 

you from getting bogged down in details. 

10. In your own words, what does top-down programming mean? 

11. Why is top-down programming helpful? 
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PROJECTS 
Use the top-down method to complete the plan for program NAMES. 

Go to the computer and erase whatever program is in memory. Then 

enter all three routines. The computer should print the names 

vertically down the left side of the screen. Run the program and fix 

any errors. 

Change the main routine in program NAMES to print Ann's name. 

(The big letters will appear in a vertical line down the side of the 

screen.) Change the program again to print Ana's name. Change it 

again to print Nana's name. 

The statement SCREEN 0t i sets text mode. However, it also allows 

you to print the text in color on a color TV. Put this statement at the 

beginning of your main routine. Next, put a COLOR statement ahead 

of each GO SUB statement in your main routine. Experiment with 

different numbers in the COLOR statement. If you have Cartridge 

BASIC, change the SCREEN statement to SCREEN 3 and run the 

program. 

In this session, you have started learning 

how to organize programs into 

meaningful blocks of statements. The key ideas are summarized in 

the table below. 

Topic 

Top-down programming 

Main routine 

Subroutine 

SCREEN 0, 1 

Description 

A method of writing programs. The 

important ideas all appear in the main 

routine. Details appear in subroutines. 

The first block of statements in a well- 

written program. The main routine should 

begin with a remark statement telling the 

name of the program. It must end with an 

END statement. 

A block of statements ending with a 

RETURN statement. The first statement 

should be a remark telling the name of the 

subroutine. 

A BASIC statement that tells the computer 

to set text mode, but with color enabled. In 

this mode, the COLOR statement sets the 

color of the letters to be printed on the 

screen. 
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SESSION 12 
Session Goals 

Study the missing END statement bug. 

Study the missing RETURN statement bug. 

Study GO SUB bugs. 
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Optional Session 
The goal of this session is to explore the problems that can arise when 

using subroutines. If you always begin and end subroutines correctly, 

then this session is optional. You can go on to the other sessions of the 

book. However, if you start to have trouble because of subroutines in 

your programs, you should take time out, return, and go through this 

session carefully. If you have time, we advise you to spend an hour or so 

now learning more detailed information about subroutines and how 

they work. 

How Subroutines Work 
There is a very simple way to think about how subroutines work. The 

GO SUB statement tells the computer to perform the body of a subroutine. 

You can imagine that the computer snips out the statements that make 

up the body of the subroutine. The computer then inserts them into the 

program in place of the GOSUB statement. 
If subroutines are written correctly, this is a good way of looking at 

how they work. However, suppose there are errors in the program. 

Then, this idea of substituting statements for the GOSUB statement 

doesn't work as well. 
If you always followed the proper rules for writing subroutines, 

there would be no need to worry about "buggy" programs. This is what 

programs with errors are called. But, sooner or later, you will forget to 

put an END statement at the end of the main routine. Or you will leave 

out the RETURN statement at the end of a subroutine. Mistakes like 

these sometimes produce error messages and sometimes not. Let's take 

a look at these often surprising situations. 

The "Missing END" Bug 
The purpose of the END statement is to stop the computer at the end of the main 
routine. One of the most common bugs in programs with subroutines 

happens when you leave out the END statement. We will use a short 

program to see what happens as a result of the "Missing END" bug. 

Start the computer as usual. Then enter the lines at the top of the 

next page. (If the computer is already on, enter the NEW command.) 
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100 'PROGRAM BUGS 
110 PRINT “ONE" 
120 GOSUB 200 'TWO 
130 PRINT "THREE” 
140 END 
190 / 

200 'SUB TWO 
210 PRINT "TWO" 
220 RETURN 

Enter the program. 

CLS 
LIST 
RUN 

Check the program and the 

output. 

The program is working correctly if you see ONE, TWO, and THREE 

down the left side of the screen. Correct any errors in your program 

before going on. 

CLS 
LIST „ 
______________ Here is your program. 

TRON 
This is a new command, not a 

movie title. 

RUN 
Note the numbers in brackets. 

TRON is short for "trace on." This command tells the computer to 

print a line-by-line trace of every step of the program when you run it. 

Here is what you should see on the screen now: 

[103]C1101ONE 
C 120][2001 [2101TWO 

[220][130]THREE 

[140] 

This tells you that the computer began at line 100. It next performed 

line 110. That line told it to print ONE on the screen. It then went on to 

line 120, the GOSUB 200 statement. That is why the next bracketed 

number after 120 is 200. 
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So, the computer performed line 200. It then went on to line 210. 

That line caused TWO to be printed. Next, the computer reached 

line 220, which is a RETURN statement. That statement told the com¬ 

puter to go back to the line after the GOSUB. That is why the next 

bracketed number after 220 is 130. 

The computer then performed line 130, printing THREE. Finally, it 

came to line 140, which ended the program. 

Now, let's turn the trace off and introduce the "Missing END" bug: 

TROFF 
RUN 

The trace numbers should be gone 

now. 

140 
Delete the END statement. 

CLS 
LIST 

Make sure it's gone. 

RUN 
Run the program. 

By removing the END statement, you put an error in the program. You 

see ONE, TWO, and THREE as before. But now there is an extra TWO. 

There is also a message that says RETURN without GOSUB in 220. 

Why do you think this happened? 

TRON 

CLS 
LIST 
RUN 

Set trace on. 

This is the traced program. 

You should now see these six lines on your screen: 

C 100][1101ONE 

[120][200]C2103TWO 

[220][130]THREE 

[190][200][210]TWO 
[220] 

RETURN without GOSUB in 220 
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The first three lines of the trace are exactly the same as before. The 

problem happened after the computer performed line 130, printing 

THREE on the screen. This time there was no END statement. As a 

result, the computer just kept going. It performed lines 190, 200, and 

210, printing TWO again. It then reached line 220. Line 220 contains a 

RETURN statement. But this time there was no GOSUB statement telling 

the computer to perform subroutine TWO. The computer just "fell" into 

the subroutine by accident. That is why the computer printed the mes¬ 

sage RETURN without GOSUB in 220. This message almost always 

means that you have left out the END statement in the main routine. 

1. What is the purpose of the END statement? 

2. If the END statement is missing from the main routine, what will 

happen? 

The "Missing RETURN" Bug 
Another common bug is forgetting to put a RETURN statement at the 

end of a subroutine. Let's look at this bug next. 

Turn the trace off (TROFF). Put the END statement back at line 140. 

Run the program and check it. Then list it. You should see this listing 

on your screen: 

100 'PROGRAM BUGS 

110 PRINT "ONE" 

120 GOSUB 200 'TWO 

130 PRINT "THREE" 

140 END 

190 / 

200 'SUB TWO 

210 PRINT "TWO" 

220 RETURN 

Now, let's put the "Missing RETURN" bug into the program. 

220 

RUN 

___ Delete the RETURN statement. 

____ Look at the results. 

This bug produced very interesting results. ONE and TWO are printed on 

the screen. But THREE is missing. What is most interesting, however, is 
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that there was no error message. The program is not working properly. Yet 

you would get no clue to this if you simply ran the program and looked 

at the results! Turn the trace on. Run the program again. Notice the last 
bracketed number. 

Without the RETURN statement in line 220, the last line in the pro¬ 

gram is line 210. When the computer was sent to the subroutine, it 

performed lines 200 and 210. Finding no more statements, it stopped. 

The missing RETURN statement is needed to tell the computer to go 

back to the statement after the G 0 S U B statement that sent it to the sub¬ 

routine. If the RETURN statement is missing, there is no way for the 
computer to go back. 

Another kind of missing RETURN bug can show up if there is more 

than one subroutine in a program. Turn the trace off. Put the RETURN 

statement back in line 220. Then add the new lines shown here: 

100 'PROGRAM BUGS 
110 PRINT "ONE" 
120 GOSUB 200 'TWO 
130 PRINT "THREE" 
135 GOSUB 400 'FOUR 
140 END 

190 / 

200 'SUB TWO 

210 PRINT "TWO" 
220 RETURN 
390 / 

400 'SUB FOUR 
410 PRINT "FOUR" 
420 RETURN 

List your program. Read it carefully. Fix any errors before going on. 

Think about what this program tells the computer to print on the 
screen. Then run the program. 

This program should have no bugs. It is correct if the computer 

printed ONE, TWO, THREE, and FOUR down the left side of the screen. 
Now let's put in a bug. 

220 

CLS 
LIST 
RUN 

Delete the RETURN statement in 
line 220. 

See what happens. 
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This time, you got ONE, TWO, FOUR, THREE, and FOUR. But, there was 
no error message. Now the program certainly is buggy. What happened? 

To the computer, the subroutine beginning at line 200 looks like 

this: 

The two remark statements in lines 390 and 400 are invisible as far as 

the computer is concerned. So, now the subroutine tells the computer to 

print TWO and FOUR. Set the trace on. Clear the screen. List the pro¬ 

gram. Run it again. 

The trace numbers show you exactly what went wrong. The first two 

trace lines are the same as before. But after the computer printed TWO, it 

simply went on to the next statement. This time it was not a RETURN 

statement, but a remark statement. So the computer continued to line 

410, printing the extra FOUR. It next reached line 420, which was a 

RETURN statement. 

At that point, the computer finally returned to line 130, the line 

after the GOSUB 200 statement. It then printed THREE. The rest of the 

program worked correctly. You can see this by following the trace to the 

end. 

The missing RETURN statement caused bizarre results. Yet there 

were no error messages. Remember this important idea: Just because 

information comes from a computer, that does not mean it must be cor¬ 

rect. You should be on the lookout for strange things that can happen 

because of program bugs. 

5. 

6. 

What is the purpose of the RETURN statement? 

What happens if the computer performs a subroutine that has no 

RETURN statement at the end? 

Will a missing RETURN statement always cause an error message? 

What will the computer do if you accidentally put two RETURN 

statements at the end of a subroutine? 
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GO SUB Bugs 
Missing GOSUB statements will cause bugs in programs. So will GO SUB 

statements with incorrect line numbers. 

Set the trace off. Put the RETURN statement back at line 220. Run 

the program. Make sure that it works correctly again. Now remove the 

GOSUB statement at line 120. Run the program again. Then list it. 

This time you see ONE, THREE, and FOUR on the screen. You probably 

knew that would happen. TWO is missing because the GOSUB to the 

subroutine that prints TWO is missing. The computer will not perform a 

subroutine just because it is in the program. There must be a GOSUB to 

that subroutine. 
See what happens if your program has a GOSUB to a line number 

that is not in the program. 

7. What is the purpose of a GOSUB statement? 

8. What happens if a GOSUB statement is missing? 

9. Will a missing GOSUB statement cause an error message? 

Bugs in Nested Subroutines 
Now let's take a look at some other program bugs. These bugs can show 

up when a subroutine contains a GOSUB to yet another subroutine. 

We'll need a new program to study these bugs. 

NEW 
CLS 

Erase the program and clear the 

screen. 

100 ' PROGRAM MORE BUGS 
110 GOSUB 200 '1 
120 END 
190 / 

200 'SUB 1 
210 GOSUB 300 '2 
220 PRINT "THERE" 
230 RETURN 
290 / 

300 'SUB 2 
310 PRINT "HI" 
320 RETURN 

Enter the new program. 
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CLS 
LIST 
RUN 

Check the results. You should see 

HI and THERE. 

TRON 
CLS 
LIST 
RUN 

Look carefully at the line-number 

trace. 

Notice that SUB 1, the first subroutine, contains a GOSUB to SUB 2, the 

second subroutine. We say that SUB 2 is nested inside SUB 1. Now let's 

look at the same kinds of bugs you have already seen. 

120 

CLS 
LIST 
RUN 

Take out the END statement. 

Look at the line-number trace. 

Here is what you should see on the screen: 

Study this trace until you understand what happened. 

120 END Put back the END statement. 

230 Take out the first RETURN 

statement. 

CLS 
LIST 
RUN Look at the trace. 
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This time, the screen shows HI, THERE, and HI, plus the trace. There 

was no error message. You should be able to explain all the trace num¬ 

bers. 

230 RETURN Put the first RETURN statement 

back in. 

320 Take out the second RETURN 

statement. 

CLS 
LIST 
RUN 

What happened? 

The screen shows HI, but not THERE. There was no error message. 

Again, you should be able to explain the trace numbers. Turn the trace 

off. 

These kinds of things can happen if you make mistakes while writ¬ 

ing subroutines. Although the results seem strange at first, you should 

be able to figure out why and how they happened. The moral is this: 

Always write your main routine and subroutines according to the rules 

given in Session 11. 

10. What is a nested subroutine? 

11. What would happen if you put the subroutines at the top of a 

program and the main routine at the bottom? 

A Subroutine with a GOSUB to Itself 
The final bug you will see leads to a new kind of error. This one may 

seem very mysterious to you. 

NEM 
CLS 

Erase the old program and clear 

the screen. 

100 'SUB AGAIN 
110 PRINT "AGAIN AND" 
120 RETURN 

Enter the new program. 

GOSUB 100 
Perform the subroutine in the 

immediate mode. 
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So far, nothing new has happened. The PRINT statement inside the 

subroutine told the computer to print AGAIN AND on the screen. Now 

for something different: 

115 
CLS 
LIST 

GOSUB 100 'AGAIN 

Take a good look at the 

subroutine. 

This new version of the subroutine raises an interesting question. Can a 

subroutine contain a GOSUB to itself? There is one way to find out. 

GOSUB 100 
Again, perform the subroutine in 

the immediate mode. 

TRON 
GOSUB 100 
TROFF 

Look at the trace. 

_____ Here is the program. 

The new GOSUB inside the subroutine completely changed things. Now, 

instead of a single AGAIN AND, you see a whole series of these phrases. 

They are followed by the message Out of memo ry in 110. This is 

probably the first time you have seen this error message. 

The computer uses part of its memory to store the instructions that 

tell it how to return to the main routine from subroutines. Each time the 

computer performs a GOSUB statement, it needs one more location in 

this part of its memory to store the return instructions. Each time the 

computer performs a RETURN statement, it clears one location in mem¬ 

ory. But in this case, the computer kept meeting GOSUB statements 

without meeting any RETURN statements. So, it kept adding instruc¬ 

tions to its memory without taking any out. 

On the PCjr, 34 locations are available in memory to store instruc¬ 

tions relating to subroutines. (If you count the number of AGAIN AND 

messages on the screen, you will see that there are 34 of them.) Once 

those locations in memory are used up, the computer can't perform the 

next GOSUB. So it stops and prints the Out of memory message. 

Does BASIC allow you to write a subroutine containing a GOSUB 

to the beginning of the same subroutine? 

What happens when the computer performs the subroutine 

described in question 12? 
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Avoiding Subroutine Bugs 
It is easy to avoid problems with subroutines if you keep these rules in 

mind when writing programs: You must end the main routine with an 

END statement. You must end each subroutine with a RETURN state¬ 

ment. You should begin each subroutine with a remark statement that 

explains its purpose. You should indent the body of subroutines. You 

should use blank lines between subroutines to make them easier to read. 

It is wise to read a program from top to bottom, checking for these 

rules, before trying to run it. As you have seen, a program with bugs in 

it may run, give incorrect results, but produce no error messages. 
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In this session, you learned about 

program bugs in subroutines. You used 

the trace capability of the PCjr to find bugs in programs. The 

important ideas are summarized in the tables below. 

Topic 

Bug 

Debugging 

"Missing END" bug 

"Missing RETURN" bug 

Statement 

TRON 

TROFF 

Description 

An accidental error in a program. 

Finding errors in programs and fixing them. 

Leaving out the END statement in the main 

routine. 

Leaving out the RETURN statement in a 

subroutine. 

Description 

Tells the computer to "trace" each program 

line by printing its line number whenever 

the computer performs it. 

Tells the computer to stop tracing program 

lines. 
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SESSION 13 

Session Goals 
Use the top-down planning method to write a musical program. 

Use the TOOLKIT subroutines. 

* Learn how to test subroutines. 

Add two new subroutines to the TOOLKIT. 
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Musical Forms 
In the last four sessions, you have learned how to use END, GO SUB, and 

RETURN statements to divide a large program into smaller parts. In all 

but the simplest programs, it is a good method to put your big ideas in 

the main routine and hide the details in subroutines. When working on 

the main routine, you should be thinking about the overall form and 

shape of the whole program. Later, you can think about each part sepa¬ 

rately and make sure it does what needs to be done. These are the steps 

of the top-down method of solving problems. 

Computer programmers are not the only ones who use the top- 

down method. People who write for newspapers use this approach. 

They try to get the main ideas of a news story into the first paragraph. 

After that, they fill in the details in later paragraphs. People who write 

music often solve their problems the same way. They begin with an idea 

of the overall form of the piece they want to write. Later, they work with 

the parts that will go together to make up the whole piece. 

In Session 10, you wrote a program to play 'Twinkle, Twinkle Little 

Star." The musical notes it played were as follows: 

do, do, sol, sol, la, la, sol, rest 

fa, fa, mi, mi, re, re, do, rest 

sol, sol, fa, fa, mi, mi, re, rest 

sol, sol, fa, fa, mi, mi, re, rest 

do, do, sol, sol, la, la, sol, rest 

fa, fa, mi, mi, re, re, do, rest 

Look at the overall organization of these notes. Do you see any patterns? 

Are there parts at the beginning that appear again later? 

If you are a musician, you have probably recognized that this piece, 

like many songs, has "A-B-A form." The song starts with the following 

"A-part": 

do, do, sol, sol, la, la, sol, rest 

fa, fa, mi, mi, re, re, do, rest 

After that comes the "B-part" of the song: 

sol, sol, fa, fa, mi, mi, re, rest 

sol, sol, fa, fa, mi, mi, re, rest 

Finally, the A-part is played again and the song ends. 

1. Name two songs that have A-A-B-A form. 

2. What is the form of "London Bridge is Falling Down"? 
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Top-Down "Twinkle, Twinkle" 
You can write a main routine that tells the computer to play any song 

written in A-B-A form. You do this by thinking only about the form of the 

song. Later, in your subroutines, you can tell the computer what tune is 

the A-part and what tune is the B-part. The subroutines will have 

GOSUBs to the DO, RE, MI, etc., subroutines that tell exactly what musi¬ 

cal frequencies to play. 

You will need the music subroutines in the TOOLKIT file you 
saved at the end of Session 10. Start your PCjr as usual. Then load file 
TOOLKIT into the computer. List the file. Then delete all lines before 
line 990, if there are any. 

In the top-down method, we always start with an outline of the main 

routine. The outline should be partly in English and partly in BASIC. 

Here is an example: 

_ ' PROGRAM SONG 

_ set graphics screen 
_ play A-part 
_ play B-part 
_ play A-part 

set text screen 
_ END 

This main routine does five steps, one after the other. You can see 

that it correctly tells the computer to play any song written in A-B-A 

form. The next step is to convert the main routine to pure BASIC. Here 

is the finished routine: 

100 'PROGRAM SONG 
110 SCREEN 1 
120 GOSUB 200 'A-PART 
130 GOSUB 300 'B-PART 
140 GOSUB 200 'A-PART 
150 SCREEN 0 
160 END 

Enter the main routine into the computer now. 
Now that we have finished the main routine, we must go to work on 

the subroutines. We will use the same method we used for the main 

routine: (1) Write an outline in a mixture of English and BASIC. (2) 

Convert the outline to pure BASIC, using GOSUBs to avoid bothersome 
details. 
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Since the two subroutines are similar, we can plan them both at the 

same time. Look again at the elements of the song. The song is made up 

of phrases with seven notes and a rest. Notice that the A-part of the 

song has two different phrases. The B-part also has two phrases, but they 

are exactly the same. Here are the subroutine outlines: 

190 ' 
200 ' SUB A-PART 

play phrase Al 
_ play phrase A2 
___ RETURN 
290 ' 
300 ' SUB B-PART 
_ play phrase B1 
_ play phrase B1 
_ RETURN 

If you are using Cartridge BASIC, you could now convert from Eng¬ 

lish directly to the PLAY statement. However, let's continue to use only 

the SOUND statement, which is already in your TOOLKIT subroutines. 

Here are the complete A-PART and B-PART routines: 

190 
200 
210 
220 
230 
290 
300 
310 
320 
330 

'SUB A-PART 
GOSUB 400 
GOSUB 500 

RETURN 
/ 

'SUB B-PART 
GOSUB 600 
GOSUB 600 

RETURN 

'PHRASE Al 
'PHRASE A2 

'PHRASE B1 
'PHRASE B1 

Enter these two subroutines into the computer now. 

Why are there two identical GOSUBs in the B-PART subroutine, 

but not in the A-PART subroutine? 

Will your program now handle any song in A-B-A form? 
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Testing the Program 
The program in your computer is getting big. You are probably begin¬ 

ning to want to test it and look for errors. It is true that you have not yet 

written the subroutines at lines 400, 500, and 600. Nonetheless, there 

is an easy way you can begin testing at this point. The trick is to write 

skeleton subroutines like these: 

390 ' 
400 'SUB PHRASE A1 
410 PRINT "PHRASE Al" 
480 RETURN 
490 ' 
500 'SUB PHRASE A2 
510 PRINT "PHRASE A2" 
580 RETURN 
590 ' 
600 'SUB PHRASE B1 
610 PRINT "PHRASE Bl" 
680 RETURN 

Lines 410, 510, and 610 are examples of debugging messages. When 

you run the program, these messages show up on the screen. They will 

tell you which subroutines are being performed and in what order. 

Enter these three skeleton subroutines into the computer now. Then, 
run the program. 

Well, that did not help, unless you got a Syntax error message. 

(If so, correct the error and rerun.) The debugging messages disap¬ 

peared as soon as they were printed. This happened because line 150 

told the computer to go back to the text screen. You can avoid this by 

using a new statement. Add this line to your program while debugging: 

145 STOP 

Now run the program. You should see these seven lines on the screen: 

PHRASE Al 

PHRASE A2 

PHRASE Bl 

PHRASE Bl 

PHRASE Al 

PHRASE A2 

Break in 145 
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If you see a Syntax error message, edit the faulty line. If a debug¬ 

ging message is missing from the screen, check your GOSUB statements. 

If there are too many debugging messages, your program probably has a 

"Missing RETURN" bug somewhere. 

Enter the TRON command and run the program again. Then use 
TROFF to turn the trace off. You should understand the order of the line 

numbers in the trace. Now delete the STOP statement. Your main rou¬ 

tine and new subroutines should look like this: 

100 ' PROGRAM SONG 

110 SCREEN 1 

120 GOSUB 200 'A-PART 

130 GOSUB 300 'B-PART 

140 GOSUB 200 'A-PART 

150 SCREEN 0 

1G0 END 

190 / 

200 ' SUB A-PART 

210 GOSUB 400 'PHRASE 

220 GOSUB 500 'PHRASE 

230 RETURN 

290 / 

300 ' SUB B-PART 

310 GOSUB 600 'PHRASE 

320 GOSUB 600 'PHRASE 

330 RETURN 

390 / 

400 ' SUB PHRASE A1 

410 PRINT "PHRASE Al" 

480 RETURN 

490 / 

500 'SUB PHRASE A2 

510 PRINT "PHRASE A2" 

580 RETURN 

590 / 

800 'SUB PHRASE B1 

610 PRINT "PHRASE Bl" 

680 RETURN 

B 1 

B 1 
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Once you have fixed any errors, you have finished your skeleton 

program. You have only one thing left to do. You should replace the 

debugging statements by the actual notes of the three musical phrases. 
Here is how the PHRASE A1 subroutine should look: 

3S0 / 

400 'SUB PHRASE A1 
410 GOSUB 1000 'DO 
420 GOSUB 1000 'DO 
430 GOSUB 1400 'SOL 
440 GOSUB 1400 'SOL 
450 GOSUB 1500 'LA 
460 GOSUB 1500 'LA 
470 GOSUB 1400 'SOL 
475 GOSUB 1800 'REST 
480 RETURN 

Edit subroutine PHRASE A1 to look like this. Before going on, enter 
SCREEN 1 to get on the graphics screen. Then debug the phrase by 
entering GOSUB 400 in the immediate mode. You should hear the first 

phrase of "Twinkle, Twinkle Little Star." If not, list the new subroutine 
and fix any errors. 

Edit subroutine PHRASE A2 to play these notes: fa, fa, mi, mi, re, 
re, do, rest. (The FA, MI, and RE subroutines are at lines 1300, 1200, 
and 1100.) If necessary, switch the computer to the graphics screen 
with SCREEN 1. Debug by entering GOSUB 500 in the immediate 
mode. You should hear the second phrase of the A-part. Now you can 

test subroutine A-PART: In the immediate mode, enter GOSUB 200. 
You should hear both phrases of the A-part now. 

Edit subroutine PHRASE B1 to play these notes: sol, sol, fa, fa, mi, 
mi, re, rest. Debug it by entering GOSUB S00 in the immediate mode. 
When that subroutine works, you can test subroutine B-PART: In the 
immediate mode, enter GOSUB 300. You should hear all the B-part of 
the song. 

How can you test a single subroutine on the computer without 
running the whole program? 

Why is it better to test one subroutine at a time instead of just 
running the whole program? 
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Final Testing and Refining 
Your whole program (not counting the TOOLKIT subroutines) should 
look like the one below. Take a moment to look carefully at the parts of 
the program and see how they work together. Which part gives the 
overall form of the song? Which parts tell the actual melodies to be 
played? 

100 " PROGRAM SONG 
110 SCREEN 1 
120 GOSUB 200 "A-PART 
130 GOSUB 300 "B-PART 
140 GOSUB 200 "A-PART 
1 50 SCREEN 0 
160 END 
100 / 

200 "SUB A-PART 
210 GOSUB 400 "PHRASE 
220 GOSUB 500 "PHRASE 
230 RETURN 
290 / 

300 "SUB B-PART 
310 GOSUB 600 "PHRASE 
320 GOSUB 600 "PHRASE 
330 RETURN 
300 / 

400 " SUB PHRASE A1 
410 GOSUB 1000 "DO 
420 GOSUB 1000 "DO 
430 GOSUB 1400 "SOL 
440 GOSUB 1400 "SOL 
450 GOSUB 1500 "LA 
460 GOSUB 1500 "LA 
470 GOSUB 1400 "SOL 
475 GOSUB 1800 "REST 
480 RETURN 
430 " 

A 1 
A2 

B1 
B1 
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500 7 SUB PHRASE A2 
510 GOSUB 1300 7 FA 
520 GOSUB 1300 7 FA 
530 GOSUB 1200 7 M I 
540 GOSUB 1200 7 M I 
550 GOSUB 1100 7 RE 
5S0 GOSUB 1100 7 RE 
570 GOSUB 1000 7 DO 
575 GOSUB 1800 7 REST 
580 RETURN 
590 7 
S00 7 SUB PHRASE B1 
G 1 0 GOSUB 1400 7 SOL 
820 GOSUB 1400 7 SOL 
G30 GOSUB 1300 7 FA 
G40 GOSUB 1300 7 FA 
G50 GOSUB 1200 7 M I 
SB0 GOSUB 1200 7 M I 
S70 GOSUB 1100 7 RE 
675 GOSUB 1800 7 REST 
S80 RETURN 

Now test the whole program: Type RUN and listen carefully. You 
should hear all the notes of the song this time. 

Now is a good time to add two new tools to the TOOLK I T subrou¬ 
tines. You will often want the computer to go to the graphics or text 
screen with the screen cleared and the background set to a given color. 
The SCREEN statement alone will not do the job, but the subroutines 
below will. Enter them into the computer now. 

1990 / 

2000 'SUB TEXT 
2010 SCREEN 0 
2020 WIDTH 40 
2030 CLS 
2040 RETURN 
2090 / 

2100 'SUB GRAPHICS 
2110 SCREEN 1 
2120 COLOR 0 
2130 CLS 
2140 RETURN 
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Test the effects of these subroutines by entering GOSUB 2100 and 
GOSUB 2000 in the immediate mode. They should switch to graphics 
mode or text mode with a clear screen and a black background. If you 
are using a color TV, you may prefer the graphics screen to be set to 
blue. If so, use COLOR 1 in line 2120. If you are using Cassette BASIC, 
you may not be able to see the left column of characters after the screen 
changes. This problem has a simple solution. Just add the following line 
to the two subroutines at lines 2025 and 2125: 

OUT 980 * 2: OUT 981 t 44 

Don't worry about how this remedy works or why. Treat it as a bit of 
"black magic." This will automatically move the picture one character to 
the right. (Change the 44 to 43 for a two-character move, and so on.) 

When these new subroutines are working, change lines 110 
and 150 of your main routine to GOSUB statements that use the new 
routines. Run the program again. It should work as before. 

Save your whole program on cassette or diskette under the name 
SONG. 

Enter the command DELETE 100-680. This tells the computer to 
erase lines 100-680 from memory. List the program. All that 
should remain are the TOOLKIT subroutines, including the two new 
ones you just wrote. Save the subroutines under the name TOOLKIT. 
This erases the old version on the cassette or diskette. 
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Load program SONG back into the computer. Change the PHRASE 

subroutines so they tell the computer to print a blank line after each 

phrase is played. Run the new version. 

Sometimes, people repeat the A-part of 'Twinkle, Twinkle Little Star" 

before going on to the B-part. In other words, they change the form 

to A-A-B-A. What part of program SONG tells the form of the song? 

Decide what would have to be done to make program SONG play an 

A-A-B-A song. Then make the necessary changes. Run the new 

version. 

Make up a song of your own in A-A-B-A form. All you need to do is 

change the PHRASE subroutines so they contain your melodies. Test 

each phrase by entering GO SUB statements in the immediate mode. 

Save your song on cassette or diskette under the name MY SONG. 

\ 
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In this session, you have practiced the 
top-down method of solving a 

programming problem. You put the big ideas in the main routine. 
You put the details in the subroutines. This is sometimes called the 
"divide and conquer" method: You conquer a big problem by 
dividing it into small ones. The top-down method does not just work 
only for programming problems. It also works for any kind of 
writing, planning, or thinking problem you may face. The main 
topics of this session are summarized in the table below. 

Topic 

Debugging message 

Skeleton subroutine 

DELETE nl - n2 

Description 

A PRINT statement put into a program to help 

understand how it works. 

A subroutine containing only debugging 

messages. 

A command to erase program lines with line 

numbers nl through n2 from memory. 
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n Part Two, you learned to solve big programming problems by 
dividing them into small pieces. You put the major ideas of the 
program into the main routine. You then put the details into 

subroutines. This approach to programming—the "top-down" 
method—lets you deal with each part of the program separately. You 
don't have to worry about all the parts at once. 

At the end of Part Two, you used this method to write a 
program that tells the computer to play a song. Your program was 
nearly a hundred lines long. That is a very long program for a 
beginner to be able to write. But you could do it because you divided 
the parts of the program into small pieces. You were able to write 
and test each piece before putting it to work in the program. As you 
write more programs, you will use the top-down method again and 
again. 

Part Three represents a change of pace. It introduces you to the 
most important idea in programming: the variable. Until now, each 
program you have written has told the computer to do one thing and 
one thing only. Your SONG program, for example, always plays the 
same song at the same tempo and in the same musical style. You 
might suppose that the only way to change any of these things is to 
rewrite parts of the program. 

In the next few sessions, you will learn another, much simpler 
way to change parts of programs. By using variables, you can easily 
give your programs more variety and make them more interesting. 
You will soon be able to write programs that do different things 

every time you run them. 
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SESSION 14 
Session Goals 

Learn how to use variable names to print things on the screen. 

Learn how to assign meanings to variable names. 

Learn how to use both numeric variables and string variables. 

Discover common errors in using variables. 
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The LET Statement 
In this session, you will learn a new BASIC statement. You will also 
learn an important new idea. Let's begin with a few experiments at the 
keyboard. Start the computer as usual. Then begin these activities: 

CLS 
NEW 

PRINT 1984 

PRINT YEAR 

LET YEAR = 1984 

PRINT YEAR 

LET YEAR = 2001 
PRINT YEAR 

LET YEAR = 1492 
PRINT YEAR 

PRINT YEAR 

NEW 
PRINT YEAR 

Erase the screen and the memory. 

You should see 1984 under 
PRINT. 

Notice the 0. This is new. 

This is also new. Watch carefully. 

There is no 0 this time. 

You should see 2001 under 
PRINT. 

The same PRINT YEAR statement 
does different things. 

The computer remembers what 
YEAR last stood for. 

Now it has forgotten. 

You used the statement PRINT YEAR six times. But the same 
statement printed four different things. Why? 
What did YEAR stand for after you entered the NEW command? 

Another Type of Data 
You just explored the use of a variable. A variable is information that 
can vary, or change. A variable has a name that stands for the informa¬ 
tion. You used the variable name YEAR. You used the LET statement to 
specify what information YEAR stood for. In BASIC, such information is 
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a piece of data. In this case, the piece of data was a number. Besides 
numbers, there is also another type of data in BASIC. 

CLS 
PRINT DAY 

PRINT DAY* 

LET DAY* = “MONDAY" 

PRINT DAY* 

LET DAY* = “BIRTHDAY" 
PRINT DAY* 

NEW 
PRINT DAY* 

Another 0 should not surprise 
you. 

The dollar-sign key is the same as 
(Shift T I 4). Only a blank line was 
printed. 

Be sure to use quotation marks. 

Note what was printed. 

Note the new output. 

DAY$ no longer stands for 
BIRTHDAY. 

Like YEAR, DAY$ is a name that stands for a piece of data. But this time, 
the data you used are not numbers. Instead, they are words. This type 
of data is called string data because a word is just a string of characters. 
DA Y$ (pronounced "day-string") is the name of a string variable. YEAR 
is the name of a numeric variable. 

The opposite of a variable is a constant. The value of a constant is 
always the same. In the examples above, the numbers 1984, 2081, 
1492, and 0 are numeric constants. "MONDAY" and "TUESDAY" 
are string constants. 

What does the statement LET DAY$ = "BIRTHDAY" tell the 
computer? Explain in your own words. 

What does a string variable stand for after you enter the NEW 
command? 

Data-Type Errors 
What do you suppose would happen if you accidentally used a string 
where you should have used a number, or the other way around? Now 
is a good time to find out. 
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CLS 
LET YEAR 1084 

That should be OK. 

LET YEAR = "LEAPYEAR" 

LET YEAR* = "LEAPYEAR" 

LET YEAR* = 1084 

LET YEAR* = "1084“ 

Oops! That is not allowed. 

That's better. 

No, that won't do. 

But that is OK. 

YEAR is a numeric-variable name, and 1984 is a numeric constant. 
Y E A R $ is a string-variable name, and " L E A P Y E A R " is a string con¬ 
stant. " 1984" is also a string constant because of the quotation marks. 

7. 

When did the computer print the message Type mismatch? 
How do you think the computer tells the difference between a 
numeric-variable name and a string-variable name? 
How do you think the computer tells the difference between a 
numeric constant and a string constant? 

Name Errors 
We have been using the names YEAR, YEAR$, DAY, and DAY$. How 
much freedom do you have in picking names? Let's see. 

CLS 
LET A = 5 
LET AB = 10 
PRINT BEEPER These names are OK. 

LET 2A = 20 
PRINT A+ 
PRINT WHY? 

But these names are illegal. 

Names must start with a letter of the alphabet. After that, there can be 
letters or numbers (plus a dollar sign for strings). Other characters in 
names are illegal. Those are the main rules, but there are some exceptions: 

LET BEEP = 1 
PRINT LET 
PRINT SOUND Surprise! The computer does not 

accept these. 
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These names all start with a letter and contain letters, so they follow the 
rules above. But the computer complains. The reason is that the words 
BEEP, LET, and SOUND are part of PCjr BASIC. You may not use any 
BASIC word as the name of a variable. For a list of all BASIC words, see 
page 413. 

\ 

8. What kind of character must you use to begin a variable name? 
9. Why are each of the names 2X, >(*, and NEW illegal for variables? 

Using Variables in Programs 
Until now, you have been exploring variables by using statements in 
immediate mode. Let's see what happens in program mode. 

NEW 
CLS 

Erase the memory and clear the 
screen. 

10 PRINT YEAR 
20 LET YEAR = 1492 

RUN 

30 PRINT YEAR 
LIST 

What will this program tell the 
computer to do? 

Were you right? 

What will this do? 

RUN 

40 LET YEAR = 2010 
50 PRINT YEAR 
CLS 
LIST 

RUN 

Notice both numbers printed on 
the screen. 

What three numbers will be 
printed now? 

Right? 

Just after you typed RUN the first time, what did YEAR stand 
for? 

What made YEAR stand for two different numbers later? 
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Your experiences in this session have 
introduced you to variables. The main 

ideas you have learned about variables are summarized in the table 
below. 

Topic 

Data 

Constant 

Variable 

LET 

Description 

Pieces of information recognized by a computer. 

A piece of data, such as a number or string, written so 

that the computer can recognize it. Numeric constants are 

numbers written in standard decimal notation. String 

constants are letters, numbers, or other characters written 

between quotation marks. 

A name that stands for a piece of data. At different times 

in a program, the same name can stand for different data. 

A BASIC statement that tells the computer what a given 

variable stands for. 
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SESSION 15 
Session Goals 

Learn more about what variables mean. 

Learn how to assign a value to a variable. 

Use a picture to explain how variables are given values and printed on 
the screen. 

Recognize that a variable is a place in the memory of the computer. 
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Variables and Assignment 
Your experiments with the computer introduced you to variables. You 
used a LET statement to give a name to a piece of data. After that, the 
computer dealt with that piece of data simply by using its name. Then 
you used another LET statement to change the meaning of the name. 
Giving names to data is the most important idea in computer languages. 

Now is a good time to review what you did in the last session and to 
think about what it means. Leave your computer now, find a comforta¬ 
ble chair, and spend the next 15 minutes reading. 

In the last session, when you typed 

LET YEAR = 1984 
PRINT YEAR 

the result was the same as when you typed 

PRINT 1984 

The LET statement told the computer what the name YEAR stood for. 
PRINT YEAR told the computer to print whatever YEAR stood for. 

There are many everyday examples of this kind of thing. Think 
about the way we describe a softball game. When we explain the rules, 
we use variables: the "pitcher," the "catcher," the "batter," and so on. 
But before the game can begin, we have to say who the pitcher is, who 
the catcher is, and so on. The captain of a team says, "Susan, you are 
our pitcher." Using the grammar of BASIC, you would say that sentence 
this way: 

LET pitcher = Susan 

People often use two special words when they talk about variables. 
They say that the LET statement tells the computer "to assign a value to 
a variable." For example, LET YEAR = 2010 tells the computer to as¬ 
sign the value 201 8 to the variable named YEAR. The value of a variable is 
the piece of data that the name stands for. We often call the LET statement 
the assignment statement because it assigns, or gives, a value to a varia¬ 
ble. (In softball, the captain assigns Susan to the job of pitcher. The 
value of "pitcher" is Susan.) 

You learned in Session 14 that the NEW command and the RUN com¬ 
mand also assign values. NEW and RUN give every numeric variable a 
value of 0. They give every string variable a value of “ “. This is called 
the empty string, since there are no characters between the two quota¬ 
tion marks. 

Every variable has three main properties: its name, its type, and its 
value. Any LET statement in a program tells you all three properties of 
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one of the variables in the program: The name comes after the word 
LET. The type is string if there is a dollar sign after the name, and 
numeric otherwise. The value is whatever is on the right side of the equal 
sign. 

\ 

1. What two types of data have you learned about so far? 
2. What is the name, type, and value of each variable below? 

a. LET X = 5 c. LET Z$ = "2" 
b. LET A$ = "DOG" d. LET P = -3 

3. Which variable names below are legal? If a name is illegal, explain 
why. 
a. FRED d. BEEP 
b. A3 e. $C 
c. 3A /. 27 

4. Can you think of two LET statements that will cause a Type 
mismatch error message? Write them. 

How Variables Work 
Session 14 gave you a lot of first-hand experience with variables. You 
found out that you could use a LET statement to tell the computer the 
value of a variable. After that, you could recall the value simply by using 
the name of the variable. Somehow, the computer remembered the value. 
When you entered the NEW command, the computer forgot the old 
value. Now is the time to understand how the computer remembers and 
forgets values. 

In the last session, you entered and ran the following program: 

The computer printed three numbers on the screen: 0, 1492, and 
2010. But how did it do that? What was going on inside the computer 
while the program was running? 

The best way to answer these questions is to think again about the 
memory unit in the computer. The picture introduced in Session 4 will 
help. On the top of the next page you can see how the computer looks 
just after you enter the RUN command. 
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MEMORY 

/0 PR/NT YEA R 
2.0 LET YEAR = IRTE 
30PRINT YEAR 
H0 LET YEAR =2010 
50 PRINT YEAR 

YEAR: 

Note the box at the bottom right-hand corner of the chalkboard. It is named 
YEAR, and it contains 0 at the start. This box is a new feature of the 
memory chalkboard. 

The computer begins by performing the first BASIC statement in the 
program. That is PRINT YEAR. How does the computer perform it? The 
answer is simple: The computer first reads whatever is in the memory 
box named YEAR. It then prints the same thing on the output scroll. 
Here is the picture afterward: 
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Next the control crank moves the line pointer down to line 20 the 

rules^1 Statement' How does the computer perform it? Here are the 

Thecomputer^s rules for performing the LET statement 

1. Find the value of whatever is on the right side of the equal 
sign. 

2. Write the value in the box whose name is on the left side of the 
equal sign. 

The number on the right side of the equal sign in line 20 is 149? 
The name on the left side is YEAR. Here is the picture after the computer 
performs the LET statement: F 

OUTPUT _MEMORY 

( /0 PR/AJT YEA R 
20 LET y£AR=/V?Z 
30 PR/A/T YEAR 
*+0 LET YEAR = 2010 
50 PR/AfT YEAR 

YEAR: mZ 

Theten5at ^ mr°T b°X named VEAR now contains the value 14 92. 1 he old value, 0, is forgotten. 

performs the pTt^T-^ line P°inter down to line 30. It then 
p forms the PRINT i EAR statement. As before, the computer reads 

whatever is in the memory box named YEAR. It then prints it on the 
ou put scroll. You can see the new picture at the top of the next page. 
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OUTPUT 
< " — ■ ■ ~ p 

RUN 
0 

1492 

MEMORY 

/0 PRINT YEAR 
20 LET YEAR= /492 
30 PR/NT YEAR 
V0 LET YEAR* 2010 
50 PRINT YEAR 

YEAR-1^32 

Note that the computer has written 1492 on the scroll. Note also that 
the YEAR box still contains 1492. 

Again, the computer moves the line pointer down. Line 40 contains 
a LET statement. Thus, the computer performs the rules for it. This 
time, the right side of the equal sign has the value 2010. Here is the 
new picture: 

OUTPUT MEMORY 

/0 PR/NT YEAR 
20 LET YEAR’ WYE 
30 PRINT YEAR 
m LET YEAR*2010 

Note the change in the YEAR box in the memory. The LET statement 
first told the computer to erase the old value (1492) in the box. It then 
told the computer to write a new value (2010) there. As before, the 
computer forgets the old value. 
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Once more, the line pointer moves down. The computer then must 
perform the PRINT YEAR statement in line 50. Here is the new picture: 

The computer wrote the current value in the YEAR box (2010) on the 
output scroll. Finally, the computer moves the line pointer down. It 
finds that there are no more BASIC lines. Thus, it prints OK on the 
output scroll and turns on the cursor again. Here is the new picture: 

OUTPUT 

c 

MEMORY 

s 

RUN /0 PP/NT YEAR 
0 20 LET YEAR =/*?£ 
1432 30 PRINT YEAR 
2010 R<2> LET YEAR=2010 

50 PR/NT YEAR 

YEAR: 2010 
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How to Think about Variables 
The best way to think about a variable is to imagine that it is a place in the 
memory of the computer. Different places in the memory have different 

variable names. A place can hold one item of data at a time. A place that 

holds a number cannot hold a string, and the other way around. 

You enter the RUN command to tell the computer to perform a pro¬ 

gram. But the RUN command also tells the computer something else that 

is very important: It tells the computer to put 0 in all the places that can 

hold numbers. It also tells the computer to put “ " (the empty string) in 

all the places that can hold strings. You saw in Session 14 that the NEW 

command tells the computer to do the same thing. 

You can write a variable name anywhere in a program that you have 

written constants before. When a variable name is used in a PRINT 

statement, the computer looks in memory for a place with the same 

name. Then it reads the data value stored there. Finally, it prints that 

value on the screen. 

In a LET statement, a variable name is the only thing that can go on 

the left side of the equal sign ( = ). The computer first finds the value of 

whatever is on the right side of the equal sign. Then the computer writes 

the value in the place in memory that has the same name as the variable. 

The new value erases any data already there. 

It is also legal to have a variable name on the right side of the equal 

sign. Flere is an example: 

60 LET B$ = A$ 

At first glance, you may think this means to take the data out of location 

A$ and put it into location B$. That is almost correct, but not quite. 

According to the LET statement rules, the computer must first "find the 

value of whatever is on the the right side." This means it must go to the 

place named A$ and read the data stored there. Then the computer 

must put a copy of the data in the place named Note that the data in 
location A$ is not moved or erased. It is just copied and only a copy is moved. 
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5. What happens to the values of variables after the computer 

carries out the NEW command? 

6. Look at the last picture of the computer on page 174. What 

would happen if you now entered the statement PRINT YEAR 

into the computer? 

7. What would the computer print on the screen if you entered the 

four lines shown below? Use the computer picture to help you 

explain what would happen. 

NEW 
10 PRINT YEAR 
20 LET YEAR = 2000 
RUN 

8. What would the computer print on the screen after it performed 

the program shown below? Use the computer picture to help you 
explain. 

10 LET ><$ = "HORSE" 
20 LET X$ = "COW" 
30 PRINT X$ 

9. What would the computer print on the screen after it performed 

the program shown below? Use the computer picture to help you 
explain. 

10 LET X$ = "HORSE" 
20 LET «

 
ii X$ 

30 PRINT Y$ 

10. Suppose the first statement in a program says PRINT N. Explain 
why the computer prints a 0. 

11. What number is in the P and 0 memory boxes right after each 

statement in the program below is performed? 

10 LET P = 7 
20 LET 0 = 1 1 
30 LET P = Q 
40 LET 0 = P 
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By thinking about a variable as a place 

in the computer's memory, you can 

easily understand how variables work. The ideas you have learned 

about variables are summarized in the table below. Be sure you 

understand variables: Using variables is the heart of programming. 

Topic 

Variable 

Value 

Type 

Assignment 

Empty string 

Description 

A named place in the memory unit of a computer. 

An actual piece of data stored in the memory unit. 

The kind of data (string or numeric) stored in the 

memory unit. 

Giving a value to a variable. 

A string containing no characters. 
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SESSION 16 
Session Goals 

Print things on the screen with different spacing. 

Use your computer to do arithmetic. 

Input numbers on your computer. 

DAT 
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Writing a Calculator Program 
You've now learned a lot about variables. By using variables, you will be 

able to write much more interesting programs than before. Most useful 

programs do three things: First, they take data in from the user of the 

program. This is called input. Second, they do something to the data. 

This is called processing. Third, they give data back to the user. This is 

called output. These three steps happen whenever you use a pocket 
calculator. 

You may not have realized that a pocket calculator really is a com¬ 

puter. Like every other computer, it has an input unit, an output unit, 

and a memory unit. Like all computers, it also has a part you haven't 

learned about yet: a processing unit. The main difference between a 

pocket calculator and your PCjr is the program in memory. Programs 

that do thousands of different things can be written and entered into the 

PCjr. But the calculator's memory contains just one program. It tells the 

computer inside the calculator how to do arithmetic. 

If a tiny pocket calculator can do arithmetic, it shouldn't be hard for 

you to write a BASIC program to tell your PCjr how to do arithmetic. 

Such a program would have to get two numbers from the user, do the 

arithmetic, and give out the answer. 

The new tool you will need here is a way to get input from the user. 

We will get to that before long. Let's begin, however, by learning a little 

more about using the PRINT statement to control the output of the 

answer. 

PRINT with Commas and Semicolons 
Until now, you have never used more than one piece of data in a PRINT 

statement. In this session, you will be using more than one. Now is a 

good time to learn more about the PRINT statement. 

Start the computer in the usual way. Then do the following things 

in the immediate mode: 

PRINT "ABC" 

PRINT > ”DEF it 

PRINT "ABC”> “DEF"* "GHI ” 

PRINT "ABC”5 "DEF" ; "GHI" 

PRINT “A" i 5 
m m u 

* J S "B" 

No surprises here. 

Notice where the string appears. 

See where the strings are printed. 

This is quite different. 

Extra semicolons do nothing. 
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print 2; "plush; 2; "is”; a 
You can mix numbers and strings. 

Notice the spaces around the 

numbers. 

If data in a PRINT statement is separated by commas, how does 

the computer space the output? 

If data in a PRINT statement is separated by semicolons, how 

does the computer space the output? 

Doing Arithmetic 
Computers solve many arithmetic problems. Let's review arithmetic in 

BASIC and see how to do arithmetic with variables. 

NEW 
□LB 

Erase the memory and clear the 

screen. 

50 PRINT P» 0 
RUN 

20 LET P = 7 
30 LET Q = 3 
LIST 
RUN 

The 0s and their positions should 

not surprise you. 

Line 50 says to print the value of 

the variables named P and 0. 

40 LET R = P + Q 
50 PRINT P 5 "PLUS”5 Q5 
LIST 

"IS”5 R 

Check this carefully. Try to guess 

what the computer will do. 

—- Think about how R got its value. 

Change the program so that it adds 1234 to 4321. Run the new ver¬ 
sion. Think about why you saw different numbers this time. 

3. What part of your program tells the computer the values of P and 
0? 

4. What does the + symbol mean in line 40? 

5. What does line 40 tell the computer to do? Explain in your own 

words. (Hint: Think about P, Q, and R as places in the memory 
unit.) 
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Using the INPUT Statement 
The program now in memory should look like this: 

20 LET P = 1234 
30 LET 0 = 4321 
40 LET R = P + 0 
50 PRINT P ? "PLUS" 5 0 ? "IS"! R 

The program falls nicely into two parts. One part tells the computer 

what the names P and 0 stand for. The other part tells the computer 

what to do with P and 0, no matter what P and Q stand for. When you were 

writing lines 40 and 50, you did not have to worry about the actual 

values of P and 0. You just used their names. Lines 20 and 30 assign 

values, much as you do when you assign Susan to pitch and Larry to 

catch in a softball game. Lines 40 and 50 are like the rules of the game: 

The rules are the same no matter who is playing. 

Your program is a big step forward. The processing part (line 40) 

and the output part (line 50) are independent of the numbers in the LET 

statements. Line 40 adds any two numbers. Line 50 prints any result. 

There is still one weakness in the program, though: To make it add 

different numbers, you have to rewrite lines 20 and 30. Let's see how 

to get around that. If the program shown above is not in memory, enter 
it now. 
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computer to keep printing the message Redo from start. You 
will learn more about this later. For now, if this happens, press and 
release the (Fry) key. Then tap the QF) key. This is called the [Break] 

function. It stops any running program. 

CLS 
28 INPUT P 
LIST 

RUN 

The computer is waiting for 

key. Do so, as follows: 

? 5678 

RUN 
? 1 

LIST 

38 INPUT Q 
CLS 
LIST 

RUN 
? 21 

? 37 

RUN 
? 12345 
? 67898 

Line 20 has a new statement. 

Notice the ? and the flashing 
cursor. 

...and press the (Enter—Q key. 

Notice what was printed. 

...and press the (Enters) key. 

Think about how P got its value. 

Now both LETs are gone. 

...and press the (Enteral key. 

...and press the (Enteral key. 

Be sure not to use commas in the 

numbers. 

you to type a number and press the (Enter —Q 
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20 
30 INPUT P, Q 
CLS 
LIST 

Now there is only one INPUT 

statement. 

RUN 
? 21» 37 

Think how P and Q got values. 

RUN 
? aaa » 555 

That worked too. Now let's make 

the program more "user friendly." 

20 PRINT 
LIST 
RUN 

"ENTER TWO NUMBERS" 

_____ ...and do what it says. 

8. 

What does the INPUT statement tell the computer to do? Explain 

in your own words. 

Your program now contains no data values. Why does that make 

it better than the old version with LET statements? 

How does line 20 make the program "friendlier," that is, easier 

to use? 
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INPUT Errors 
Users sometimes make errors when replying to a request for input. Use 

your last program to find out what happens when you make such an 

error. The program should look like this: 

20 PRINT 
30 INPUT 
40 LET R 
50 PRINT 

"ENTER TWO 
P t Q 

= P + Q 

PS "PLUS"? 

NUMBERS" 

0 ? " IS" 5 R 

CLS 
RUN 
? 3 
-—---- Enter only one number and press 

the (Enter ^-0 key. Notice the error 

message and go on to the next 
step. 

? 3 * a* 5# B 
Note what happens. 

? TWO * FOUR 
Note what happens. 

? 15# 72 
Now it works OK. 

Suppose the input reply does not have as many numbers as 

there are variables in the INPUT statement. What does the 
computer do in that case? 

What does the computer do if there are too many numbers in 
the input reply? 
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Change the + in line 40 of the last program to a *. You may also 

want to change PLUS in line 50 to TIMES. Run the new version. 

Try out some large numbers. 

Change the arithmetic symbol in line 40 of the last program to the / 

symbol. You might also want to change TIMES to DIUIDED BY in 

line 50. Run the new version. See what happens when you try to 
divide by 0. 

Enter this new version of the program above: 

Run the program. See whether quotation marks are needed in the 

computer how to add any two numbers that the user enters. The 

table below reviews this important statement. Be sure you 

understand how it works. 

Statement Description 

INPUT 

INPUT Ft 0 

INPUT P$» Q 

A BASIC statement that tells the computer to stop 

and wait for one or more pieces of data to be 

entered by the user of the program. 

The computer is to wait for two numbers, separated 

by a comma, to be entered. The first number is 

assigned to P and the second is assigned to 0. 

The computer is to wait for a string and a number, 

separated by a comma, to be entered. The string is 

assigned to P$. The number is assigned to 0. 
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SESSION 17 
Session Goals 

Learn how to use arithmetic and string operators on the computer. 

Learn what an expression is. 

» Learn more about how to input data. 

Use the computer picture to explain how input and arithmetic work. 
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Review 
You will not be using the computer in this session. Find a comfortable 

chair and read the next few pages. 

In Session 16, you found that BASIC gives you ways to input and 

process data. You used the INPUT statement to tell the computer to 

accept numbers and strings from the user. You used the LET statement 

and some new operations to process these data. 

At the start of Session 16, you used commas and semicolons in 

PRINT statements. These punctuation marks do two things: First, they 

separate one item from another in the statement. Second, they say where 
the output is to appear on the screen. A comma tells the computer to 

print the next output at the start of the next standard print zone: There 

are two standard zones 14 characters apart on the PCjr screen. A semi¬ 

colon tells the computer that the next output should start wherever the 

last output ended. You saw that numeric data was printed with an extra 

space before and after the number. 

The +, -, #, and / symbols tell the computer to add, subtract, multi¬ 

ply, and divide numbers. These symbols are called arithmetic operators. 

They usually appear in LET statements, such as these: 

40 LET R = P + 0 
60 LET A = B / C 

These operators tell the computer to perform an arithmetic operation 

with two pieces of numeric data, the one to the left of the operator and 

the one to the right. 

There is only one operator that you can use with strings. This is the 

link operator. It tells the computer to join two strings together into a 

single string. The symbol for the link operator is the plus sign (+). For 

example, "NOW" + "HERE" tells the computer to join the two strings 

into the single string "NOWHERE". The link operator is also called the 

concatenation operator. 

In every programming language, there is a special word for combina¬ 

tions such as P + Q, B / C, and "NOW" + "WHERE". They are called 

expressions. The main point about an expression is that it has a definite 

value. In fact, anything that has a value is an expression. For example, a 

single variable has a value. Thus, a variable is also an expression. So is a 

constant. When people talk about expressions, however, they usually 

mean combinations of variables, constants, and operators. Every one of 

the items you see below is an expression: 

O ST 

"HELLO" 
6 + 2 

"FAT" + "HER" 
X - 4 
2 * P + 3 * Q 
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You saw in Session 16 that you can use an expression on the right 
side of the equal sign in a LET statement. In BASIC, there is a simple 

rule that tells you where you may use expressions: You may write an 
expression anywhere it is legal to write a constant in a BASIC statement. (In 

Part Six, you will learn the one exception to this rule: the DATA state¬ 

ment.) You have used numeric constants in the LET, PRINT, LINE, 

SOUND, PLAY, SCREEN, and COLOR statements. So you could also 

write a numeric expression in any of those statements, as in the follow¬ 
ing example: 

COLOR 2 * A + B 

Variables are also expressions. Thus, you can use their names any¬ 

where you can use an expression. But there are a few places where you 

may not use anything but a variable name. You have seen the two main 

ones: Variable names must appear (1) in INPUT statements and (2) on 

the left side of the equal sign in LET statements. You must use variables 

there because you want to assign values. You cannot assign a value to 

something unless you name it. For example, the computer will not ac¬ 
cept these statements: 

LET 5 = X 

INPUT 032 

1. What are the purposes of commas and semicolons in a PRINT 
statement? 

2. What symbols are used in BASIC for the addition, subtraction, 
multiplication, and division operators? 

3. What does a plus sign between two strings tell the computer to 
do? 

4. What does the term expression mean? 

5. Where do the rules of BASIC allow you to write an expression? 

6. In what two places in BASIC programs can only a variable name 
appear? 

How Input and Arithmetic Work 
In Session 16, you experimented with a program that first asked you to 

enter two numbers and then printed their sum on the screen. Let's take 

a close look at the steps the computer went through while performing 

that program. Our picture of the computer needs one more part to ex¬ 

plain how your program worked. This part is called the arithmetic and 
logic scratchpad. It stands for the arithmetic and logic unit (ALU) in the 
real computer. 
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CONTROL 
INPUT OH)— 

MEMORY 
? /-1 

20 PR/NT "NUMBERS" 
30 /NPUT P, Q 
40 LET R*P + Q 
50 PRINT P, Q, R 

ARITHMETIC 
AND LOGIC 

The picture is now complete. Using a picture with only these five parts, 
you can understand how the computer performs any program. The picture 

shows the computer just after the program has been entered, the screen 

cleared, and the RUN command entered. Note the P, 0, and R variable 
boxes. At first, they have 0s inside. Here is the picture after the computer 

performs the first PRINT statement: 
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Now the computer moves the line pointer down to line 30 and begins to 
perform the INPUT statement. Here are the rules: 

The computer's rules for performing INPUT P, Q 

1. Print a question mark on the output screen, turn on the cursor, 
and stop. 

2. Wait for two numbers, separated by commas, to be typed on 

the keyboard, and for the (Enter key to be pressed. 

3. Assign the first number to P and the second number to Q. 

Below is a picture of the computer while the INPUT statement is being 

performed. The question mark is on the screen, and the cursor is on. 

The numbers *^.34 and 7S5 are about to be dropped into the input slot. 

After the two numbers drop into the input slot, the computer does 

two things: First, it writes them on the output scroll. Second, it also 

writes them in the P and 0 memory boxes. The new picture is at the top 
of the next page. 
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OUTPUT 

( 

RUN 

NUMBERS 

? 234* 765 

a 
r 

ARITHMETIC 
AND LOGIC 

MEMORY 

20 PRINT "NUMBERS" 
30 MPUr P, Q 
W LETR= P + Q 
50 PRINT P, Q, R 

P: 23& 

Now the computer must follow the rules for the LET statement. 

Rule 1 on page 172 says to "find the value of whatever is on the right 

side of the equal sign." Here is how the computer does that: 

To find the value of P + 0, the computer uses the arithmetic and logic 

scratchpad. First, it makes copies of the data in the P and 0 boxes in 

memory. Then it adds them together to get 099, which is at the bottom 

of the scratchpad. 
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Rule 2 for performing the LET statement says to "write the value 

(999) in the box whose name is on the left side of the equal sign." Here 

is how the model looks after the computer performs the LET statement: 

Notice that the R box in memory now contains the answer from the 

bottom of the scratchpad. This is the value of P + 0. After doing the 

arithmetic, the computer throws away the scratch sheet. This clears the 
scratchpad for the next calculation. 

Finally, the computer moves the line pointer to the last line. It then 

performs the PRINT statement there. Here is the picture afterward: 

OUTPUT 

RUN 

NUMBERS 

? 234 , 765 

MEMORY 

ARITHMETIC 
AND LOGIC 

20 PR/NT "NUMBERS " 
30/A/PUT P, Q 
Q0 LET B- P + Q 
50 PR/NT P, Q, JR 

w 
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So far, you have seen the computer use the arithmetic and logic unit 

(ALU) in only one way—to do arithmetic. But the computer also uses 

the ALU in other ways. It uses the ALU to link strings and to compare 

one piece of data with another. In other words, the ALU is where the 

computer processes data. The ALU is the processing unit of the com¬ 

puter. 

The program line that told the computer how to process the data was 

line 40, the LET statement. As you have learned, the LET statement is 

the assignment statement in BASIC. In all computer languages, the as¬ 

signment statement is nearly always the one that tells the computer how 

to process the data. 

7. What is the computer's arithmetic and logic unit used for? 

8. Is it true that the INPUT statement causes something to be 

output? Explain your answer. 

9. While the computer is performing the statement INPUT X, what 

happens to the number a user enters into the computer? 

10. Suppose you run the program shown below and enter the string 

CAT. What is in the computer's memory afterward? 

10 LET A$ = "DOG" 
20 INPUT A$ 
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In this session, you have taken a close 

look at input and processing. You have 
seen what goes on inside the computer at every step. The new topics 

are summarized below. Make sure you have a clear picture of how 

input and processing take place in the computer before you go on. 

Topic 

Standard print zone 

Arithmetic operators 

String operator 

Expression 

Arithmetic & logic unit 

Description 

A 14-character column on the output screen. 

A comma in the PRINT statement tells the 

computer to start the next output in the next 

print zone. If there is not enough room, part 

of the output will be printed on the next line 
of the screen. 

The symbols that tell the computer to do 

arithmetic with two numbers. The symbols 

+, -, *, and / stand for addition, 

subtraction, multiplication, and division. 

A symbol that tells the computer to combine 

two strings. The only string operator in 

BASIC is +, the link operator. It tells the 

computer to join the two strings together 
into a single string. 

Any legal combination of variables, 

constants, and operators that results in a 
single value. 

The part of a computer in which data is 
processed. 
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SESSION 18 
Session Goals 

Use a variable to control the duration in the SOUND statement. 

• Use a variable to control the tempo of a piece of music. 

• Improve the TOOLKIT subroutines. 
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Play It Again, Sam 
In the last four sessions, you have learned about the LET and INPUT 

statements. You should have a good idea now about variables. You 

should know what variables are, how they get their values, and how 

they work. Now it is time to see how you can use variables to make your 

programs simpler and more interesting. 
In Session 13, you wrote a program that told the computer to play 

"Twinkle, Twinkle Little Star." You saved it in a file named SONG. 

Suppose you want to hear that tune. All you have to do is load the 

program back into the computer and enter the RUN command. If you 

want to hear it again, enter RUN again. 
So far, so good. Sooner or later, however, you will get tired of hear¬ 

ing the same song played exactly the same way every time. You will 

wonder what it would sound like if it were played differently. What if it 

were played slower or faster? What if the notes ran together? What if 

they were separated from one another? In other words, you will proba¬ 

bly want to vary the way the music is played. 

You could do that by rewriting the DO-RE-MI subroutines every 

time you wanted to have the music played in a new way. But there is a 

much easier way to do the same thing. In this session, you will see how 

using a BASIC variable can make it easy to change the way the music 

sounds in program SONG. 
Start your computer as usual. Then load program SONG from disk¬ 

ette or cassette. If you did not save the program at the end of Session 13, 

load the TOOLKIT subroutines and then enter the main routine and five 

subroutines listed on pages 155-156. 
When the program is again in memory, run it a few times. List the 

main routine. Use it as a directory to the subroutines. List each subrou¬ 

tine. Remind yourself how the program works. 
In program SONG, the main routine tells the form of the song. The 

A-PART and B-PART subroutines tell what musical phrases make up 

each main part. Subroutines PHRASE A1, PHRASE A2, and 

PHRASE B1 tell the notes in each phrase. Finally, the DO, RE, MI, etc., 

subroutines tell the computer how to play each musical note. 

List the DO subroutine. It begins at line 1000. If you are using 

Cartridge BASIC, it should look like this: 

1000 'SUB DO 

1005 PLAY " MF" 

1010 SOUND 523 t 10 

1020 COLOR 1. 

1030 PRINT "DO" 

1035 SOUND 327S7* 1 

1040 RETURN 
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Look at the four lines that make up the body of this subroutine. Then 

answer these questions: 

What do the two numbers in line 1010 tell the computer to do? 

Why does the computer always play the notes for the same length 

of time when you run program SONG? 

What does line 1035 tell the computer to do? 

Varying the Length of the Notes 
Suppose you wanted the computer to play "Twinkle, Twinkle Little 

Star" twice as fast. You would have to make the length of each note half 

of what it now is. That is, you would have to change all the duration 

numbers in the SOUND statements from 10 clock ticks to 5 clock ticks. 

Later, if you wanted to change the speed again, you would have to go 

back and edit all the SOUND statements once more. You would probably 

tire of this quickly and give up. 

Fortunately, there is an easier way. You have learned a very impor¬ 

tant fact in Part Three: You can use a variable name anywhere in a 

BASIC program that you can use a constant. For example, you could 

write line 1010 in subroutine DO like this: 

1010 SOUND 523 f DURATION 

DURATION is the name of a numeric variable. This statement tells the 

computer to look into the memory unit and find what number is stored 

in the place named DURATION. Then it tells the computer to play a 

frequency of 523 Hz (middle C) for that number of clock ticks. 

Suppose that all your DO, RE, MI, etc., subroutines were written like 

this. That is, suppose they had the name DURATION instead of 1 0 in 

the SOUND statements. Now, also suppose that your main routine had 

this statement at the beginning: 

115 LET DURATION = 5 

This assignment statement would tell the computer to start by putting 5 

into memory in the place named DURATION. After that, the computer 

would use 5 for the duration of every note it played. The song would go 

twice as fast as before. Then, suppose you wanted all the notes to go 

slower. All you would have to do is change one line: line 115. That is 

what using variables can do for you. 
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Now let's explore this idea. Edit each of your note subroutines, re¬ 
placing each 10 in a SOUND statement by the name DURATION. Here, 

for example, is how the Cartridge BASIC version of subroutine RE 
should look: 

1100 'SUB RE 
1105 PLAY " MF" 
1110 SOUND 587. DURATION 
1120 COLOR 
1130 PRINT "RE" 
1135 SOUND 327S7 > 1 
1140 RETURN 

Be sure to make the same change in your REST subroutine, beginning 
at line 1800. 

Next, add a LET statement to your main routine, as follows: 

,! 100 'PROGRAM SONG 
110 GOSUB 2100 'GRAPH 
115 LET DURATION = 10 
120 GOSUB 200 'A-PART 
125 GOSUB 200 ' A-PART 
130 GOSUB 300 'B-PART 
140 GOSUB 200 'A-PART 
150 GOSUB 2000 'TEXT 
1S0 END 

Now, run the new version of your program. It should sound exactly the 

same as before. Change line 115 so that the value of DURATION is 5. 
Run the program again and listen. Now change the value to 2 and 
rerun the program. 

As you have just seen, using the variable name DURATION instead 

of the constant 1 0 is very useful. It is now much easier to control the 

note subroutines. A variable used to control the way a subroutine works 

is sometimes called a parameter. If you have not seen that word before, 

you will know what it means the next time you see it. In your program, 

DURATION is the parameter that controls the note subroutines. 
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4. In your own words, what makes the new versions of your note 

subroutines better than the old ones? 

5. The RE subroutine now tells the computer to print RE whenever 

it is performed. How would you change the subroutine to have it 

tell the computer to print different things at different times? 

Improving Program SONG 
You may have noticed that your program contains a small musical error. 

As written, the program calls for a rest note as the last note in each of the 

eight-note phrases of "Twinkle, Twinkle Little Star." For example, the 

first phrase is now this: 

do, do, sol, sol, la, la, sol, rest 

But, as you can see below, there are no rest notes in the actual song. 

Instead, the last note of each phrase is played twice as long as each of 

the other notes. Now is the time to fix this musical error. 

Twinkle, Twinkle Little Star 

Delete the LET statement at line 115 of the main routine. Then 
change your PHRASE A1 subroutine as follows: 

-400 'SUB PHRASE Ai 

405 LET DURATION = 10 
410 GOSUB 1000 'DO 

420 GOSUB 1000 'DO 

430 GOSUB 1400 'SOL 

440 GOSUB 1400 'SOL 

450 GOSUB 1500 'LA 

460 GOSUB 1500 'LA 

4S5 LET DURATION = 20 
470 GOSUB 1400 'SOL 

480 RETURN 
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Notice that the rest-note statement (GOSUB 1800) is now missing. 

First, type GOSUB 2100 to move to the graphics screen. Type 
GOSUB 400 to listen to the subroutine. Listen to the last note. It should 

be played twice as long as the other six notes. 
Here is how the change works: Line 405 tells the computer to put 

1 0 in the DURATION box in memory. Lines 4 1 0-4 80 tell the computer 

to perform the note subroutines. Each note subroutine has a 

SOUND statement containing the variable name DURATION. So the 

computer looks in the DURATION box in memory. There it finds the 

number 10. So it plays each note for that amount of time. Then comes 

line 465. It tells the computer to erase the 1 0 in the DURATION box and 

put 20 there instead. Any notes played after that will sound twice as 

long. That is why the final sol was longer than the first six notes. 

Using PHRASE A1 as a model, make the same changes in subrou¬ 
tine PHRASE A2. Enter GOSUB 500 to test it. Do the same for subrou¬ 
tine PHRASE Bl. When the phrases are correct, run the whole pro¬ 

gram. 
Now you should hear "Twinkle, Twinkle Little Star" played the way 

you are used to hearing it. 

6. Suppose you added the line 475 GOSUB 1300 to your new 

version of subroutine PHRASE Al. How long would the new note 

be played? 
7. Suppose you accidentally left out the first LET statement in 

subroutine PHRASE Al. How long would the first six notes of the 

song be played? 

Another Improvement 
There is still a problem with your new version of program SONG: It now 

plays at the same tempo whenever you run the program. To change the 

tempo, you would have to edit lines 405, 4S5, 505, 565, 605, and 

665. There ought to be an easier way, and there is. Once again, the 

solution is to use variables. 

As things stand now, your three PHRASE subroutines have LET 

statements that assign 10 and 20 as the values of DURATION. The 

numbers 1 0 and 20 are constants. That is why the tempo of your song is 

always the same. It would be easier if you used variable names instead. 

For example, you might think of the first six notes of each phrase as 

being "quarter notes." Then the seventh note would be a "half note." 

Using these ideas, you could substitute the name N0TE4 for the number 

1 0. You could use the name N 0 T E 2 for the number 2 0. On the top of 

the next page, you can see how subroutine PHRASE Al would look: 
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400 "SUB PHRASE ftl 
405 LET DURATION = N0TE4 
410 GOSUB 1000 ''DO 
420 GOSUB 1000 'DO 
430 GOSUB 1400 'SOL 
440 GOSUB i400 'SOL 
450 GOSUB 1500 'LA 
4S0 GOSUB 1500 'LA 
465 LET DURATION = N0TE2 
470 GOSUB 1400 'SOL 
480 RETURN 

This version of the subroutine is better than the one now in your 
computer. First, it is easier to read: It tells you that the first six notes are 
quarter notes. It tells you that the last note is a half note. Second, you 
can change the tempo of the music just by changing the values of 
N0TE4 and N0TE2. 

Change the LET statements in the PHRASE A1 subroutine as shown 
above. In the immediate mode, enter these lines: 

SCREEN 1 
LET N0TE4 = 5 
LET N0TE2 = 10 
GOSUB 400 

You should hear the first phrase at twice the tempo as before. Next, 
make the same changes in the other two PHRASE subroutines. Then 
test them in the immediate mode. 

Finally, we must add two LET statements to the main routine. These 
tell the computer what N0TE4 and N0TE2 stand for. Add the two lines 
shown at the top of the next page. 
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V 

100 ' PROGRAM SONG 
110 GOSUB 2100 ' GRAPH ICS 
115 LET N0TE4 = 10 
116 LET N0TE2 = 2 * N0TE4 
120 GOSUB 200 ' A-PART 
125 GOSUB 200 ' A-PART 
130 GOSUB 300 'B-PART 
140 GOSUB 200 7 A- PART 
150 GOSUB 2000 'TEXT 
160 END 

Notice that line 116 defines N0TE2 in terms of NOTE4: A half note is 

twice as long as a quarter note, no matter what the tempo is. Run the 
program. Change the 10 in line 115 to 5 and run the program again. 
Then change the number to 2 and run it again. You should hear the 

song in different tempos each time. 

Which line in the new version of program SONG controls the 

tempo? 

Suppose you were writing a song that had eighth notes. These are 

half as long as quarter notes. What line would you add to the 

program to define NOTES as an eighth note? 

A Final Improvement 
There is one last musical problem in program SONG. Each note subrou¬ 

tine contains two SOUND statements. Here is subroutine MI, for exam¬ 

ple, in the Cartridge BASIC version: 

1200 'SUB MI 
1205 PLAY " M F 11 
1210 SOUND 65S t DURATION 
1220 COLOR 3 
1230 PRINT "MI" 
1235 SOUND 32767 t 1 
1240 RETURN 
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Although the musical note has a variable length, the amount of silence 

afterwards (line 1 035) is always one clock tick. It makes better musical 

sense to have the amount of silence be shorter if the note is short and 

longer if the note is long. 

The solution is to use a variable that stands for the fraction of the 

total time that the note is to be played. Let's call this variable HOLD. 

Then we could write the note subroutine like this: 

1200 ''SUB MI 
1210 SOUND 
1220 COLOR 
1230 PRINT 
1235 SOUND 
1240 RETURN 

650# HOLD * DURATION 
3 
"MI" 
32767# (1-H0LD)*DURATI0N 

Here is how this works: Suppose you decide that the note should be 

played for three-fourths of the total time. The rest of the time, there 

should be silence. In other words, HOLD should have a value of three- 

fourths. Then 1 - HOLD would equal one-fourth. Now, suppose 

DURATION stands for eight clock ticks. Three-fourths of eight is six. So 

line 1210 tells the computer to play the note for six clock ticks. One- 

fourth of eight is two. So line 1235 tells the computer to be silent for 

two clock ticks. 

Suppose you now change DURATION to four. The note will then be 

played for three clock ticks (three-fourths of the whole length). The si¬ 

lence will therefore last one clock tick (one-fourth of the whole length). 

By varying the value of HOLD, you can change the "connectedness" 

of the notes. If you set HOLD equal to 1, there will be no silence between 

the notes. Each note will run into the next without pause. (Musicians 

call this legato.) If HOLD is three-fourths or less, the notes seem very 
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disconnected. (This is called staccato.) You can experiment with these 

effects by making the changes below. 

Using subroutine MI above as a model, change the SOUND state¬ 
ments in all the note subroutines. Then change your main routine to 
look like this: 

100 ' PROGRAM SONG 

110 GOSUB 2100 'GRAPHICS 

112 LET HOLD =7/8 
115 LET N0TE4 = 8 
116 LET N0TE2 = 2 * N0TE4 

120 GOSUB 200 ' A-PART 

125 GOSUB 200 'A-PART 

130 GOSUB 300 'B-PART 

140 GOSUB 200 'A-PART 

150 GOSUB 2000 'TEXT 

1S0 END 

This tells the computer to play each note for seven-eighths of its length. 

It also says that the length of a quarter-note is to be eight clock ticks. Run 
the program and listen. Now edit line 112. Experiment with different 
fractions for the HOLD time. 

Now you have finished improving this program 
and its subroutines. Be sure to save all your 

changes, as explained below. You will need the new versions of the 
TOOLKIT subroutines in Part Four. 

Save your whole program with the name SONG on cassette or disk¬ 
ette. This should replace the old version of SONG. 

Enter the command DELETE 100-680. This tells the computer to 

erase lines 100-680 from memory. List the program. All that should 

remain are the TOOLKIT subroutines. These include the two new ones 

you just wrote. Save the subroutines with the name TOOLKIT. This 

erases the old version on the cassette or diskette. 

10. If the HOLD value is seven-eighths and the DURATION value is 

1 6, how long will each note sound? How much silence will 
follow? 

11. In the new note subroutines, does changing the HOLD value 
change the tempo of the music? 
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Load program SONG back into the computer. Edit lines 112-1 IS to 

make them the body of a subroutine that begins at line 700. Call it 

NOTE VALUES. Replace these lines in the main routine with a 

GOSUB statement to perform the new subroutine. Run the program. 

In your new subroutine, replace the LET statements for HOLD and 

N0TE4 with a PRINT statement and an INPUT statement. The 

PRINT statement should ask the user to enter the quarter-note length 

and the hold value. The INPUT statement should assign the two 

numbers to N0TE4 and HOLD. You were able to use 7/8 for 

HOLD in your program. However, you must use the decimal form 

(♦875) when entering numbers in response to an INPUT statement. 

You may want to save this version of program SONG. 

In this session, you have put variables 

into practice. At the beginning, your 

SONG program played its tune at the same tempo every time. At the 

end, the program made it easy for you to vary both the tempo and 

the "connectedness" of the notes. In the original version, you used 

constants to say how long to play each note and how long to remain 

silent. By changing the constants to variables, you were able to 

write a far more interesting program. Variables give you a powerful 

way to make the computer do what you want it to. 

Topic Description 

Parameter A variable used to control a subroutine. 
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n Part Three, you learned to use variables to give names to 
pieces of data. You used a new BASIC statement for input and 
one for assignment. These statements allow you to write 

programs that tell the computer how to process data, no matter 
what the actual data values are. Without variables, a program could 
not tell the computer to accept data from the user; process it, and 
give a result. 

In Part Four, you will learn about another important 
programming tool: the loop block. Computers are very good at doing 
things over and over again. Unlike people, computers don't get bored 
or sloppy. A computer can add a thousand numbers in a second 
without making a single mistake. In the same time, it can search 
through a list of a thousand words and tell you whether or not a 
particular word is in the list. 

But how can you tell your computer to add a thousand 
numbers? How can you tell it to examine a thousand words? You 
might guess that you need to write a program with at least a 
thousand statements. Most of these statements would be very much 
alike. Suddenly, your programming job begins to look very repetitive 
and very boring. Isn't there a better way? 

There is a much better way. In Part Four, you will leant a very 
simple way to tell the computer to do something again and again. 
This takes more than one BASIC statement, but not a thousand. You 
will need to put special statements at the beginning and at the end 
of the group of statements you want the computer to perform again 
and again. This entire set of statements is called a "loop block." You 
will leant about it next. 
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SESSION 19 

Session Goals 
Use a GOTO statement to tell the computer to skip some of the state¬ 
ments in a program. 

Use a GOTO statement to create an infinite loop. 

Learn how to stop and restart the computer while running a program. 

Use the infinite loop to print strings and explore numbers. 
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Skipping Statements 
Start the computer as usual. Load the TOOLKIT subroutines into the 
computer from your diskette or tape cassette. If you did not save the 
TOOLKIT subroutines at the end of Session 18, load program SONG 
into the computer and delete all lines with line numbers less than 1000. 
Then go on to the activities below. 

CLS 
100 'PROGRAM SCALE 
110 LET DURATION = 10 
120 LET HOLD = * 8 
130 GQSUB 2100 'GRAPHICS 
140 G0SU5 1000 'DO 
150 GQSUB 1100 'RE 
1S0 GOSUB 1200 'MI 
170 GOSUB 1300 'FA 
180 GOSUB 2000 'TEXT 
190 END 
990 / 

LIST 100-190 
Look main routine. 

RUN 
You should have heard a four- 

note scale. 

This program works like all those you have seen so far: The computer 

performs the first statement in the main routine. It then performs the 

second, then the third, and so on. The computer must perform all the 

statements in the main routine in order. Now let's see how to skip some. 

145 GOTO 1BO 
LIST -1S0 

GOTO is a new statement. What 

do you think the computer will 

do? 

RUN 

145 GOTO 170 
LIST -190 

RUN 

One note (re) is missing! 

What will this version do? 

Were you right? 
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145 
125 GOTO 190 
LIST -190 

What now? 

RUN 

125 
LIST 

GOTO 175 
-190 

RUN 

125 
LIST -190 

RUN 

You probably knew nothing would 

happen. 

Notice that there is no line 175. 

Does the error message make 

sense? 

Take out the GOTO statement. 

You should hear four notes again. 

1. In your own words, what does a GOTO statement tell the 

computer to do? 

2. What happens if the computer performs the statement GOTO 380 

when there is no line 380 in the program? 

Repeating Statements 
You have used the GOTO statement to jump forward over statements. 

Let's find out what happens when you tell the computer to jump back¬ 

ward. Your main routine should look like this: 

100 ' PROGRAM SCALE 
110 LET DURATION = 10 
120 LET HOLD = ♦ 8 
130 GOSUB 2100 'GRAPHICS 
140 GOSUB 1000 'DO 
150 GOSUB 1100 'RE 
160 GOSUB 1200 'MI 
170 GOSUB 1300 'FA 
180 
190 

GOSUB 
END 

2000 'TEXT 
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Make any corrections needed in the main routine. Your TOOLKIT sub¬ 
routines should still be in memory. 

185 GOTO 130 
LIST -190 

What will this GOTO do? 

_________ . That's a big change! 

The GOTO statement at the end of the program told the computer to go 

back to line 130. The computer started again at line 130, then went to 

140, and so on. Finally, the computer got to line 185, which said to go 

back to 130. This program will never let the computer stop. You have 

created an infinite loop: The program will run forever—or at least until 

your computer breaks or you do something to stop it. 

Here is how to stop the program temporarily: Press and release the 
(Fry) key. Then press the [o3key. This is the (Pause)function you learned 

about in Session 10. (Notice that the word "Pause" is in the green stripe 

below the (TT)key.) By using the (Pause)function, you told the computer 

to stop the program until further notice. 

CGCCGGCCCn 
ODCCDOOCCOCDUC 
OOODDOQDOCOCOC 

i DOC C 

The cursor should be missing from your screen now. This means the 

computer is not ready for you to enter a command such as RUN. Press 
the spacebar or any key in the symbol group. That should have ended 

the pause. Enter the (Pause) function again. Now press another symbol 
key. 
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Next, let's stop the program and get the cursor back on the screen. 
Press and release the (Fn) key. Then press the (If) key. This is the 
(Break) function you learned about in Session 16. 

DOOBeBUCOCOCD 
OODC 

OCQO 

oc 

CDDOCCJC 
OODOODOO 

"i ODD C 

Notice that the computer has stopped running your program. It printed 
a message similar to this: 

-c 
Break in line 140 

Then the computer turned the cursor back on. You cannot restart the 
program this time by pressing a symbol key. 

By changing only the GOTO statement, you have created very differ¬ 
ent effects. Now let's look at one more change. 

185 GOTO 185 
LIST -190 

What will happen? 

RUN , 
—----—- Is the computer broken? 

Press a few of the symbol keys. Try the (Enteral key. Your computer 
seems to be broken. Even though there is a cursor flashing on the 
screen, the computer is not ready for input. Very strange. 

Actually, the computer is still running your program. This is another 
infinite loop. The computer performed line 185, which said to jump to 
line 185. So the computer performed line 185 again, which said to 
jump to line 185, and so on forever. Use the (Break) function ((Fn) 

followed by (Tp) to stop the program. 

How can you tell the computer to repeat all the statements in a 
program again and again? 

What is the difference between the (Pause) function and the (Break) 

function? 
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Making a Loop That Counts 
In this section, you will write a new program that tries to count to infin¬ 

ity. Enter the following lines: 

NEW 
CLS 

Erase the memory and clear the 

screen. 

100 LET N = 1 
110 PRINT N 
RUN 

120 LET N = N + 1 
130 PRINT N 
LIST 

RUN 

No surprises here. 

Think about what line 120 tells 

the computer to do. 

You should see 1 and 2 as 

output. 

140 LET N = N + 1 
150 PRINT N 
CLS 
LIST 

What now? 

____ Now you should see 1, 2, and 3 

as output. 

You could make the computer count to 4 by adding another copy of 

the LET and PRINT statements. More copies would make the computer 

count higher. However, you would quickly tire of adding such lines to 

your program. Here is an easier way: 

DELETE 130-150 
130 GOTO 110 
CLS 
LI ST 
__ Think about this program. 

This program contains an infinite loop. The GOTO statement in line 130 

tells the computer to perform line 110 next. Then the computer per¬ 

forms line 120. It next performs line 130, which tells the computer to 

go back to line 110 again. The computer will stay in the loop until you 

stop it. 
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Let's see what the output will look like. Run the program. Use the 
(Pause) function ((jFn) followed by ©) and symbol keys to stop and 
restart output. When you have seen enough counting, use the (Break) 

function ((Fry) followed by (jf)) to stop the program and return the cur¬ 
sor. Then list the program. Here is what it should look like: 

You learned about variables in Part Three. As a result, you should be 
able to see exactly what is happening here. Remember that a variable is 
a place in the memory unit. Your program uses a variable named N. 
Thus, there is a place in memory with the same name. Let's call that 
place the N-box. Line 100 tells the computer to put 1 in the N-box in 
memory. Line 110 tells the computer to print whatever is in the N-box. 
So the computer prints 1. 

Line 120 looks tricky at first. However, it is easy to see what it tells 
the computer to do. Remember the computer's rules for performing the 
LET statement: First, find the value of whatever is on the right side of 
the equal sign. Second, assign that value to the variable name on the left 
side. 

The right side of line 12 0 is N + 1. Thus, the computer must look in 
the N-box, get the number there, and add 1 to it. The number there is 1, 
so the value of N + 1 is 2. Finally, the computer assigns this value back to 
N. That is the variable name on the left side of the equal sign. So the 
computer puts the new value 2 into the N-box in memory. When the 
computer does this, the old value 1 is erased. 

Now you know what LET N = N + l means. After performing 
line 120, the computer goes on to line 130. That line tells the computer 
to perform line 110 next. This time, the computer prints 2, the new 
value in the N-box. 

The computer again arrives at line 120. This time, the N-box con¬ 
tains 2 instead of 1. So the value of N + 1 is 3. The computer puts 3 back 
into the N-box. As before, the 2 that was there is erased. 

Once more, the computer comes to line 130. That line sends it back 
to line 110, the PRINT N statement. This time the computer prints 3 on 
the screen. And so the computer repeats these steps forever. 
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Run the program again. Notice that the computer starts counting at 
i. After a few moments, use the (Break) function to stop the program. 
Notice that the computer has told you the number of the line at which 
the program stopped. Let's see what we can learn at this point. The 
PRINT statement in immediate mode is a good tool for snooping. 

PRINT N 
This is the value of N when the 
computer stopped. 

CONT 
This is a new command. 

CONT tells the computer to continue running the program where it left 
off. CONT works a lot like RUN. But there are two differences. With 
CONT, the computer does not set each variable to zero or the empty 
string. It also does not put the line pointer back at the first statement. 
Let's see what else we can do. 

(Break) 

PRINT N 
Stop the program and print the 
value of N. 

LET N = 10000 In the immediate mode, set the 
value of N to 10000. 

CONT Continue. 

(Break] 
Stop the program. 

PRINT, LET, and CONT in the immediate mode are very useful for 
debugging programs. 

8. 

How do you stop a running program and get the cursor back on 
the screen? 
How do you restart a program at the place it was stopped? 
After you stop a running program, how can you find out the 
value of a variable in it? 
Suppose the A-box in the memory unit contains the number 5. 
Then the computer performs the statement LET A = A * 10. 
What is in the A-box after that? 
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Standard Form of Infinite Loop 
Infinite loops occur often in programs. So it is important to learn how to 
write an infinite loop clearly. 

You created an infinite loop by adding a GOTO statement that sent 
the computer back to an earlier statement. But people reading through 
your program would not know at first that it had an infinite loop. They 
couldn't see it until they reached the GOTO statement. If your program 
were long, they might have to do a lot of reading before they reached 
that point. 

To make your programs easy to read, begin your infinite loops with a 
remark statement. That statement should warn the reader that the block 
of statements that follows forms an infinite loop. The GOTO statement 
tells the computer to go back to the remark statement at the beginning. It 
is a good idea to put another remark statement after the GOTO state¬ 
ment. That remark statement should tell the reader that there are no 
more statements in the loop block. These remark statements are exam¬ 
ples of documentation. Their only purpose is to make the program eas¬ 
ier to read. 

You indented the body of a subroutine to make it easy to read. A 
loop has a body of statements too. You can also make your loops stand 
out by indenting the body of statements. 

Let's put all these good writing ideas together in an outline. You can 
use the outline below when you write any infinite loop: 

-'LOOP FOREVER 4-———^ 
- first body statement 
- second body statement 
--- etc. 

— GOTO _ 
—_ 'END LOOP 

The blanks at the beginning of each line and after the word GOTO stand 
for the actual line numbers you will use. The first line tells the reader 
that an infinite-loop block is beginning. The body statements are all 
indented. The final remark statement lets the reader know where the 
loop ends. 

The outline contains a new feature. It is the arrow from the GOTO 
back to the first remark statement. This is called a jump arrow. It re¬ 
minds you of something important: The number after the word GOTO 
must be the same as the line number of the remark statement at the 
beginning. You will see jump arrows often in the rest of this book. 

The line that the jump arrow points to is called the target of the 
GOTO. In this book, the targets will always be remark statements. The 
words after the apostrophes in the remark statements explain the reason 
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for the jump. In the infinite-loop outline, the reason for the jump is to 
repeat the body of the loop forever. Always use remark statements to explain 
the jumps in your programs. 

You should always try to make your programs easy to read. That 
way, other people will know right away what your programs are sup¬ 
posed to do. If other people can read your programs easily, they will be 
able to make helpful suggestions. Making your programs more readable 
also helps you. For one thing, well-written programs are easier to 
change. In addition, you might not read one of your programs for a 
while. If you go back to it weeks or months later, you will be able to 
understand it quickly if you have written it clearly. 

Bad writing habits can be expensive. People have to write programs. 
Later, they have to change them and keep them up to date. They might 
have to rewrite them in order to run them on new computers. Badly 
written programs make all these jobs much more difficult. Over the long 
run, it is more expensive to correct badly written programs than to buy 
new computers. 

9. What is the purpose of indentation in the infinite-loop block? 
10. What does documentation mean? What is its purpose? 
11. What important thing does the jump arrow in a program outline 

remind you about? 
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£5 I 1 §|J jf#j |% ijpp \J In this session, you used the GOTO 
statement to create an infinite loop. You 

learned the standard form for writing any infinite loop. You learned 
how to stop and restart a running program. These topics are 
summarized below. 

Topic 

"Pause) function 

(Break ) function 

GOTO n 

CONT 

Description 

(jFrT) followed by fcTl Interrupts a running program. 
Press any key to restart the program. 

(Fn) followed by ftT). Stops a running program and 
puts the cursor back on the screen. 

A BASIC statement that tells the computer to 
move the line pointer to line n next. 

A command that tells the computer to continue 

performing the program in memory at the place it 
was stopped. 
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SESSION 20 
Session Goals 

• Learn the longest string the PCjr can handle. 

See how the computer prints very large and very small numbers. 

Learn that there is a largest and a smallest number that the computer 
can store. 

Learn the order in which the computer does arithmetic operations. 

Learn that the computer does not always give perfectly accurate 
answers. 
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Big Strings 
The infinite loop is a useful tool for exploring strings on the computer. 

Let's get started with a loop that joins strings together inside an infinite 

loop. Start the computer in the usual way. Then enter the program 
below: 

V 

100 
110 

120 
130 
140 
150 
160 
170 
180 

'PROGRAM BIG STRINGS 
LET A$ = "" 

' LOOP FOREVER 
LET A$ = A$ + "->*• 
PRINT A* 
PRINT 
GOTO 120 

' END LOOP 
END 

Take a few minutes to study the program. Then answer the follow¬ 
ing questions: 

1. What is the first value assigned to the string variable A$ in 
program BIG STRINGS? 

2. What three actions happen inside the loop in program 
BIG STRINGS? 

3. What does line 130 tell the computer to do to the string in the 
A$-box in memory? 

When you run the program, be ready to stop the computer quickly 
using the [Pause) function ((Fn] followed by Cep). Run the program and 
do the (Pause) function as quickly as you can. Each line on the screen 

shows the string that was in the A$-box in memory during one trip 

around the loop. Each string is longer than the previous one by an 

arrow five characters long. Read the program listing above carefully. 
Be sure you understand how it works. 

Press the spacebar to restart the output. After a few more lines ap¬ 
pear on the screen, stop the computer with the (Pause) function. When 

the string printed on the screen is eight arrows (40 characters) long, it 

stretches across the whole screen. When the computer adds the next 

arrow to A$, the string "wraps around" to the next line. But you should 

think of all 45 chaiacters as part of the same string. This long string was 

the value of A$ when the PRINT A$ statement told the computer to 
print it on the screen. 
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How much further can the value of A$ grow? There is one way to 

find out. Press the spacebar to restart the computer. This time let the 

program run until the computer stops. 

The String too 1 on 3 in 130 message shows why the computer 

stopped. It takes memory to store the value of a string variable. The 

A$-box in memory has a limit: It can hold only 255 characters. You have 

just discovered that limit on the PCjr. The last value of A$ took up six 

full screen lines plus 15 characters on the seventh line. That is a total of 

255 characters. When the computer tried to add one more arrow to the 

value of A$, the length of the new string would have been greater than 

255. Thus, the attempt failed. The computer then printed the error mes¬ 

sage and stopped. 

The infinite loop is also a useful tool for exploring numbers on the 

computer. In the last session you saw how to make a counting loop. This 

time, let's start with a multiplication loop. Erase the program in mem¬ 

ory. Then enter the program below: 

r 
100 'PROGRAM NUMBERS 
110 LET P = 1 
120 ' LOOP FOREUER 
130 PRINT P 
140 LET P = P * 10 
150 GOTO 120 
160 ' END LOOP 
170 END 

You will be running and changing this program throughout this session. 

Take a moment now to think about what it tells the computer to do. 

4. What is the first value assigned to the variable P in program 

NUMBERS? 

5. What two actions happen inside the loop in program NUMBERS? 

6. What does line 140 tell the computer to do to the number in the 

P-box in memory? 

Now let's see what the program does. Clear the screen. Run 

NUMBERS and do the (Pause) function quickly. At the top of the screen, 

the numbers are 1, 10, 100, 1000, 10000, and soon. (The computer 

does not use commas to group the digits.) Each number is ten times the 

previous one. Something strange appears after 1000000, though. The 

next line is 1E + 07. But if you multiply 1,000,000 by 10, you get 

10,000,000. 
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What number do you get if you move the decimal point in the 
number 1.0 seven places to the right? 
What do you think 1E + 07 means? 

Press the spacebar to restart the program. Watch the output until the 
computer starts printing error messages. Then use the fBr^kl function 
((Fn) followed by ®) to stop the computer. 

You have just discovered two things about the way your PCjr han¬ 
dles big numbers. First, when numbers get bigger than 9,999,999, the 
computer uses E-notation to print them on the screen. Note the plus sign 
after the E. The symbol E + 07 means "move the decimal place seven 
places to the right of where it is." So, IE + 07 means exactly the same 
thing as 10000000. 

The second fact is that some numbers are too big for the computer to 
handle at all. The number 1 E + 38 was OK. But then the computer tried 
to multiply that number by 1 0 (in line 140). The result was too big to fit 
m the P-box in memory. So the computer printed Overflow and went 
on. The term overflow means that the data is too big to assign to a 
variable in the memory unit. (You saw an example of a string overflow in 
the last section.) Whenever your PC/> finds a number that is too big, it 
substitutes the biggest number it can handle. That number is about 
1 ♦ 7E + 38. 

If you have used a pocket calculator, you already know about these 
ideas. There is always some number that is too big for the calculator to 
handle. Also, the "scientific calculators" use E-notation for big numbers. 
(E-notation is also called scientific notation.) 

One of the numbers printed by the computer was IE+ 37. What 
does E + 37 mean? 

How would you write the number 1,300,000,000 in E-notation? 
About how big is the biggest number the computer can store? 

Small Numbers 
You have seen how the computer prints very large numbers. You have 
also seen the error message for a number that is too big to put into 
memory. Now, let's change the program and explore some very small 
numbers. 

140 LET P = P / 2 
LIST 

---- Check the program. 

The / symbol means “divided by." The value of P is divided by 2 each 
time around the loop. The result of this division is assigned back to P. 
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The value of P will get smaller and smaller. Run NUMBERS but use the 

(Pause) function right away to stop the output. Notice the first three 

numbers: They are 1, ♦ 5, and ♦ 25. Each number is equal to the previ¬ 

ous one divided by 2. 

This pattern keeps up until the computer reaches the number 

♦ 0078125. Then, instead of printing 400380825, the computer 

prints 3 4 90625E-03. Note that there is now a minus sign after the E 

instead of a plus sign. The E-03 means /;move the decimal point three 

places to the left of where it is now." 

Press the spacebar to restart the program. After a while, you will see 

nothing but zeros on the screen. Use the (Break) function to stop the 

program. The PC/r has computed a number smaller in size than the 

minimum it can handle. Whenever this happens, it substitutes zero and 

continues with the program. There is no "underflow" error message. 

12. What do you think the number IE-04 means? 

13. What was the smallest number the computer printed before it 

began printing zeros? 

Allowed Ranges of Data 
You have seen that the computer cannot store every number. Some are 

too large or too small. Earlier, you learned that there are also limits on 

strings. 
As you saw, the computer could store numbers approximately be¬ 

tween 1 E-39, or 

0.000000000000000000000000000000000000001 

and 1 E + 38, or 

100000000000000000000000000000000000000 

Numbers smaller or bigger than these seldom appear in real problems. 

For example, the size of an atom, in feet, is 3.3E-10. The distance from 

the earth to the sun, also in feet, is 4.9E + 11. 

There are also limits on string data. After all, the computer has to fit 

the characters of a string into its memory. The PC/r limits you to strings 

no longer than 255 characters. Suppose you try to join two strings into 

one string that is too long. If you do so, the computer will print 

String too long and stop. Can you guess what the shortest string 

is? It is the empty string. It has no characters. 
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Accuracy of Numbers 
Besides the limits on the size of numbers, there is also a limit on accu¬ 

racy. The computer handles some numbers, such as 1, 263, and 

873432, with perfect accuracy. But the computer cannot handle other 

numbers, such as 1/3, with the same accuracy. If you tell the computer 

to print the result of dividing 3 into 1, it will print * 3333334. (Try it.) 

This answer is not exactly correct. The computer would need to print 

an infinite number of 3 s after the decimal point to give the correct an¬ 

swer. The P box in memory cannot, of course, store an infinite number 

of digits. The computer saves only about seven digits, not counting lead¬ 

ing or trailing zeros. In other words, the precision of numbers in the 
PCjr is about seven digits. 

You know that most people count by 10s. This is called decimal 

arithmetic. But the PCjr, like most computers, counts by 2s. This is 

called binary arithmetic. When you use your computer, you enter num¬ 

bers and expect output in decimal form. But the PCjr handles these 

numbers internally in binary form. Sometimes, the decimal numbers 
you enter don't convert exactly to binary form. 

Also, the computer's internal binary numbers don't always convert 

exactly to the decimal form it uses for output. Once in a while, number 

conversions and rounding lead to tiny errors. These can surprise you. If 

someone asked you to round one-third off to seven decimal places, you 

would write .3333333. But your PCjr prints ,3333334. Numbers in the 

computer may turn out to be slightly different from what you expected. 

Immediate-Mode Arithmetic 
As you have seen, the computer can do addition, subtraction, multipli¬ 

cation, and division. You also know that you can enter the PRINT state¬ 

ment in the immediate mode. This gives you an easy way to use the 
computer as a calculator. Here are some examples: 

NEW 
PRINT 1001 / 13 
--—----Ihe computer prints the answer 

immediately. 

PRINT 3*4 
PRINT 1+2 + 3 + 4 + 5 
PRINT 1*2*3*4*5 
PRINT 9999 - 3456 
--- Here are more answers. 

Pocket calculators are easier to use than the computer for this kind of 

problem. Once in a while, however, it is handy to use the computer this 

224 The Loop Block 



way. But typing PRINT each time is slow. So the PCjr lets you use a 

question mark instead. You did this before. 

?100 / a 
?8 * 1 
________=. The question mark means the 

same as PRINT. 

Order of Arithmetic 
If you want to add 8 + 4 + 2, it doesn't matter which numbers the 

computer adds first: Starting at the left, the computer adds 8 + 4, which 

gives 1 2. It then adds 2, which gives 1 4. But the computer would get 

the same answer if it started at the right: 4 + 2 is B, and 8 + 8 is 14. 

Sometimes the order matters. For example, what do you think 

PRINT 8 - 4 - 2 tells the computer to do? Starting at the left, the 

computer would do the subtraction 8-4, which gives 4. Then it would 

subtract 2 from 4 to get 2 for the answer. But if the computer started at 

the right, it would do the subtraction 4 - 2, to get 2. Then it would 

subtract 2 from 8 to get B. Which answer does the computer actually 

give? Let's see. 

PRINT 8 — 4 — 2 

PRINT 8 . 4 + 2 

PRINT 8 / 4 / 2 

PRINT 8 / 4 * 2 

Now you know. 

Did the computer start at the left? 

What order did the computer use? 

What was the order? 

14. In what order did the computer perform the arithmetic 

operations in the last four examples? 

When the computer is doing only addition and subtraction, the rule 

is simple: Go from left to right. The computer uses the same rule when it 

is doing only multiplication and division. But suppose the computer 

must add or subtract and multiply or divide, all in the same problem. 

What happens then? Let's see. 

PRINT 8*4+2 
PRINT 8*4-2 
PRINT 8/4+2 

There are no surprises yet. 

PRINT 8+4*2 This one is different. 
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PRINT 8+4/2 
PRINT 8-4*2 

These are also different. 

When the computer adds and multiplies in the same program 
line, which operation is done first? 

When the computer adds and divides in the same program line, 
which operation is done first? 

The computer follows rules to decide which arithmetic operation to 
do first when there is more than one to do. You have seen what those 
rules are. Now you will see how to change the rules. You can make the 
computer do things in the order you want. You will need the parenthesis 
keys. The left parenthesis is (Shift 11 9). The right parenthesis is (Shift T 1 0). 

PRINT 8+4*2 
The multiplication was done first. 

PRINT (8+4) * 2 
Notice the different answer. 

PRINT 8 + (4 * 2) 
That gave the first answer. 

Operations inside parentheses are done before operations outside. The 
last example shows you something important: No harm is done when 
you put parentheses where they are not needed. 

17. When there are several arithmetic operations in one line, how 
can you tell the computer to do one operation before all the 
others? 

The computer follows a few simple rules when it performs arithmetic 
in long expressions. There is one main rule. This rule has two excep¬ 
tions. The main rule is that the computer starts at the left and works its 
way to the right. It does this just as you read the words in a sentence. 
Here are the exceptions: 

—— ... — . - — --—---- 

Exceptions to Left-Right Order 

1. The computer multiplies and divides before it adds or subtracts. 
2. The computer does the arithmetic inside parentheses before 

anything else. 
j 
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The first line below shows a complicated example of arithmetic. Each 
line after the first shows one step in finding the result. Look for exam¬ 
ples of the two rules on the previous page. 

Step 1: 

10 - a * (3 - 1) / (2 + 2) + 3 

10 - a * 2 / (2 + v ___ 2) + 3 
Step 2: 

10 - a V * *? / a + 3 
Step 3: 

10 - 8 
\. , 

/ 4 + 3 
Step 4: 

10 - ry jL + 3 
Step 5: 

8 + 3 
Result: 

You found that it was perfectly OK to put parentheses where none 
were needed. The computer ignored them. Suppose you do not know 
whether you need parentheses or not. It is better to put extra ones in 
than to leave necessary ones out. 

Convert 1002)000000 to E-notation. 
Convert l*23456E+02 to decimal notation. 
Why can't the computer handle the number one-third with 
perfect accuracy? 
Use the computer's rules for arithmetic to find the answer to the 
problem below. 

(3*5- 1) +2-8/ (2+2) 
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It is easy to change NUMBERS into a program that prints a 

multiplication table. Suppose you want to make a times table for the 
number seven. Change your program to look like this: 

r 100 

110 

120 

130 

140 

150 

1G0 

170 

'PROGRAM NUMBERS 

LET N = 7 

' LOOP FOREVER 

PRINT N5 "TIMES”t P5 "IS"5 N * P 
LET P = P + 1 

GOTO 120 

END LOOP 

V 
END 

Think what this tells the computer to do. Then run the program. 
Use the [Pause) function to stop output, the spacebar to restart 
output, and the (Break) function to stop the program. 

Make a times table for your age: Change line 110 so that N is 
your age. Then run the program. 

Make a division table. An interesting value for N is 720720. Change 

N * P N / P in line 130. You may also want to change TIMES 
to DIVIDED BY. 

In this session, you have learned about single-precision numbers. 

There are also double-precision numbers. If you would like to learn 

more about these numbers, read about constants and variables in 
Chapter 3 of the BASIC reference book for your PCjr. 

You have learned about the four arithmetic operators: and /. 

The BASIC on your PCjr has several more. If you are interested in 

learning about them, read about arithmetic operators in Chapter 3 of 
the BASIC reference book for your PCjr. 
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In this session, you used infinite loops 
to explore strings and numbers. You 

found that the PCjr can handle strings up to 255 characters long. It 
can handle numbers from about 3E-39to 1 ♦ 7E + 38. When doing 
arithmetic, the PCjr reads from left to right, with these two 
exceptions: First, it multiplies and divides before it adds or subtracts. 
Second, it does the arithmetic inside parentheses before anything 
else. 

Topic 

E-notation 

Overflow 

Maximum string 

Maximum number 

Minimum number 

Precision 

Description 

A way of writing very large and very small 
numbers. The number after E tells how far to 
move the decimal point. The sign after E tells 
which direction to move it: A plus sign means 
move the point right; a minus sign means move 
it left. 

A piece of data that is too large to be stored in 
memory. 

The largest string that can be stored in memory. 
On the PC/r, it has a length of 255 characters. 

The largest number that can be stored in 
memory. On the PCjr, it has a value of about 
1.7E+38. 

The smallest number that can be stored in 
memory. On the PCjr, it has a value of about 
3E-39. 

The number of digits handled during arithmetic 
calculations. On the PCjr, the normal precision is 
about seven digits. Double-precision numbers are 
also available. 

Exploring Strings and Numbers 229 



LOOP BLOCK 

SESSION 21 
Session Goals 

• Learn how to use the IF statement. 

Use the IF statement to get out of a loop. 

• Learn the general outline form of a loop block. 

Use the loop block to repeat an action a fixed number of times. 
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Review 
In Session 19, you saw the outline of the infinite loop. It looked like this: 

_ 'LOOP FOREVER 

do something 

GOTO_ 
'END LOOP 

Remember that the blanks stand for line numbers. The jump arrow 

points to the target of the GOTO statement. Notice that the block begins 

and ends with remark statements. The phrase do something stands for 

one or more BASIC statements. These the computer will perform again 

and again. 

A Standard Loop 
Let's begin by writing an infinite loop that puts the words GOOD OLD 

before any word you enter. Turn on the computer (if it isn't already on). 
Then enter the following program: 

100 'LOOP FOREVER 
110 INPUT A$ 
120 PRINT "GOOD OLD "5 A$ 
130 GOTO 100 
140 'END LOOP 
LI ST 
____________ Read the program carefully and 

see what it does. 

RUN 
? BOY 

What was printed back? 

? AARDUARK 
What happened this time? 

? DAYS 
Now you know how the program 

works. 

Use the (Break) function to stop the program. Each time you entered 

a word, the computer printed GOOD OLD followed by that word. 

Since these actions were inside an infinite loop, you had to stop the 

program. There ought to be a way to have the computer decide whether 

to leave the loop. Every programming language has such a feature. In 
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BASIC, the I F statement gives you a way to tell the computer when to 
stop looping. Let's see how. 

100 'LOOP 
115 IF A$ = "STOP" THEN 140 

Notice the indentation of the I F 

statement. 

RENUM 100 
LIST 

Study the new program for a few 

moments. 

Here is what your program should look like: 

Run the new program. Each time you see a question mark, enter a 
word from the following list: 

CAR, HOUSE, TIMES 

After you enter each word, you should see GOOD OLD followed by that 

word. Finally, enter the word STOP. That should cause the computer to 
leave the loop. 

A loop that tells the computer to repeat statements until some condi¬ 

tion becomes true is called a conditional loop, or simply a loop. Here is 
the outline for every such loop: 

_'LOOP ... ^ 

do something 

IF exit condition THEN_ 

do something 

GOTO_—■ ... / J 

'END LOOP 
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The exit condition in the IF statement tells the computer when to stop 

looping and jump out of the loop. The I F statement is not indented as 

far as the rest of the statements in the body of the loop. This makes it 

easier for the reader to find the exit condition. Here is how the loop 

works: 

The computer's rules for performing a loop block 

1. Perform the first "do something." 

2. Test the exit condition to see whether it is true or false. If it is 

true, stop looping and move the line pointer to the END LOOP 

remark statement. 

3. If the exit condition is false, perform the second "do 

something." 

4. Move the line pointer back to the LOOP remark statement, and 

start over with Step 1. 

The loop works this way only if it is written correctly. There is nothing 

magical about the phrases LOOP and END LOOP in the remark state¬ 

ments. They are there to help the reader. The computer ignores them. 

But the numbers after THEN and GOTO are important: They must match 
the line numbers of the two remark statements in the outline. If they are 

wrong. Steps 2 and 4 above may not work. It is up to you to get the 

numbers right. 

There is one important difference between the two "do something" 

blocks in a loop: The computer must perform the first one at least once. 

However, it may never get to the second one at all. This happens if the 

exit condition is true at the start. 

In some loop blocks, one or the other "do something" parts may not 

be there at all. In other words, the I F statement may be the first state¬ 

ment inside the loop. Or, it may be the last, except for the GOTO state¬ 

ment. You will see some examples of this later. 

3. 

What kind of statement should be at the beginning of a loop 

block? What kind should be at the end? 

What statement in a loop block tells the computer when to stop 

looping? 

What is the main difference between the two "do something" 

blocks in a loop? 
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Why Loops? 
You may be wondering why you are spending so much time on the loop 

block. After all, how many loop problems can there be? You will proba¬ 

bly be surprised to find out how often loops occur. This is true in every¬ 
day life as well as in programming. 

Think of the following directions from a cookbook: "Bring the water 

to a boil/' That may not sound like a loop, but it is. Below are the 

directions needed to tell a very dumb assistant how to boil a pot of 

water. The directions are written partly in English and partly in BASIC. 

The same cookbook says to "add salt to taste" when you season a 

stew. That may not sound like a loop, but it is. Here is how to tell the 
helper to do the job: 

'LOOP - ^ , 

taste the stew 

IF enough salt THEN 

add a pinch of salt 

GOTO_— 

'END LOOP 

4. A recipe says “beat the egg whites until they are stiff." How 

would you write these instructions in the form of a loop block? 

5. Think of an everyday event and write a description of it in the 
form of a loop-block outline. 
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Using a Loop to Average Numbers 
What is the average age of the people in your family? To find out, you 

must add all the ages and then divide that sum by the number of people. 

Let's see how to tell the computer to do the work for you. 

Suppose you enter the numbers 10, 12, 34, and 36. The computer 

must add the numbers, getting 92. The computer must also count the 

numbers as they are entered, getting 4. Then it must divide 92 by 4 and 

get the average, 23. 

The computer has five main jobs. The first is to get the numbers from 

the user. The second is to find the sum. The third is to count the num¬ 

bers. The fourth is to divide the sum by the count. The last is to print the 

result. You will see that the first three jobs can be combined easily. As 

each new number comes in, the computer can add it to the sum so far 

and also add 1 to a counter. The last two jobs can also be combined. 

Here is the main routine: 

100 ' PROGRAM AVERAGE 

110 GOSUB 200 'SUM AND COUNT 

120 

130 

GOSUB 

END 

400 'OUTPUT AVERAGE 

The first subroutine must tell the computer to ask for input, one 

number at a time. Let's use N as the name of the variable that stands for 

each number the user gives. The program must also tell the computer to 

add the numbers and to count them. Let's call the sum SUM and the 

count COUNT. 

The idea here is to build up S U M and COUNT as each new number N 

is entered. These statements will build up the sum and keep track of the 

count: 

LET SUM = SUM + N 

LET COUNT = COUNT + 1 

Repeating these statements with each new number N will do the job. A 

loop is the answer. Before the loop starts, SUM and COUNT both have to 

be set to 0. 

Of course, you have to tell the computer that there are no more 

numbers to average. One way to do that is to mark the end of the list 

with a number that will never be part of the data. This is called a flag. 
For example, you could use -099 as the flag. The loop should stop as 

soon as N is -999. In other words, the loop exit condition should be 

N = -999. 
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The average is the final sum divided by the final count. It can be 

expressed as SUM / COUNT. The computer needs to calculate the aver¬ 

age after the loop ends. Finally, it needs to print the result. 

As always, the best way to begin is to write the subroutines in a 

mixture of English and BASIC. Here is how the outline should look: 

200 ' SUB SUM AND COUNT 

210 set S U M to zero 
215 set COUNT to zero 
220 / LOOP 

230 ask user for a number 
240 IF number equals flag THEN 280 
250 add number to SUM 

200 add 1 to COUNT 

270 GOTO 220 

280 ' END LOOP 

290 RETURN 

390 7 

400 'SUB OUTPUT AVERAGE 

410 compute average 
420 print average 
430 RETURN 
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Finish writing the two subroutines needed to complete this program. 

Check them carefully and enter the complete program into the 

computer. Run the program several times and check that it is 

working correctly. When you are satisfied, save the program with the 
name AUER AGE. 

In this session, you have learned a 

standard way to write all loop blocks. 

You will use this loop outline whenever you want to tell the 

computer to do something again and again, until some condition 

becomes true. Here are the main ideas: 

Topic 

Conditional loop 

Exit condition 

IF condition T H E N n 

Description 

A block of statements that is performed again 

and again, until some condition becomes true. 

The condition that, when true, tells the 

computer to stop performing a loop. 

A BASIC statement. It tells the computer to test 

the condition and find whether it is true or 

false. If the condition is true, the computer 

moves the line pointer to line number n. If it is 

false, the computer goes on to the statement 

after the I F statement. 
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SESSION 22 
Session Goals 

Explore the LEN, 1*110$, INT, SQR, ABS, IN K E Y $, and RND 

functions. 

Use the INT and RND functions to make random integers. 

Learn that a function has a name, a type, and a value. 

Learn that a function usually takes in a value and always returns a 
value. 

Understand that a function is a process. 
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Review 
You used the infinite loop to study numbers. Now you will use the 

conditional loop to explore something new: functions. Your goal for 

now is to discover what functions do and how they work. Later, you will 

see how to put functions to work in your programs. 

Start the computer as usual. Erase the memory. Then enter the fol¬ 
lowing program: 

100 'PROGRAM FUNCTIONS 
110 ' LOOP 
120 INPUT P$ 
130 IF P* = "STOP" 
140 PRINT P* 
150 GOTO 110 
160 ' END LOOP 
170 END 

THEN 160 

Run the program. Enter any word you want and see what happens. Do 
it again. Then enter the word STOP. The program should stop. Clear 
the screen and list the program. 

Your program has only a main routine. Notice that the body of the 

main routine is a single conditional loop. It goes from line 110 through 

160. Like every other conditional loop, it has one or two "do some¬ 

thing" parts and an exit condition. 

The first "do something" is the INPUT statement in line 120. It tells 

the computer to wait for the user to enter a string. Next comes the exit 

condition. The I F statement tells the computer to see whether the string 

just entered is STOP. If it is, the computer should stop the loop. After 

the I F statement, there is another "do something." It is a PRINT state¬ 

ment. Finally, the GOTO statement in line 150 tells the computer to 

keep looping. 

You will be using conditional loops like this one all through this 

session. Be sure you understand this program well before you go on to 
the next section. 
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The LEN Function 
Let's begin with a small change to your program. List the program. 
Then make the changes in the three lines shown below: 

100 ' PROGRAM FUNCTIONS 
110 ' LOOP 

120 INPUT P$ 

130 IF P$ = "STOP" THEN 160 

135 LET N = LENtP*) 
140 PRINT N 
145 PRINT 
150 GOTO 110 

160 ' END LOOP 

170 END 

Line 135 contains an example of a function. The name of this function 
is LEN, which stands for "length." Notice that P$ appears both in the 
INPUT statement and as part of the LEN function. Let's see how the 
LEN function works. 

Run the program and enter each of these strings: DOG, AARDVARK, 
MI SSI SSI PP I, 5280, and Z. After each input, press the (Enteral key. 
Look carefully at what the computer does. See what happens when you 
press [Enter--1 2) without having typed input. When you finish, enter the 
word STOP. 

1. What do you think LEN ( P$ ) tells the computer to do? Explain in 
your own words. 

2. If the value of A $ is TELEVISION, what is L E N ( A $ ) ? 
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The MID$ Function 
Let's go on to another function. Change lines 135 and 140 of program 
FUNCTION to look like this: 

100 ' PROGRAM FUNCTIONS 

110 ' LOOP 

120 INPUT P$ 

130 IF P$ = "STOP" THEN 1S0 

135 LET A$ = MID*(P$# 3t 1) 
140 PRINT A$ 
145 PRINT 

150 GOTO 110 

1S0 ' END LOOP 

170 END 

Notice that P$ appears both in the INPUT statement and as part of 
the MID$ function. Line 135 tells the computer to assign the value of 
the MI D$ function to A$. Run the program. Enter the following strings: 
ABCDEF, **C**, CHARLIE, SKYSCRAPER, and 1234567. Remem¬ 
ber to press (Enter after typing each string. See what the computer 
prints in response. 

Now for a small change. Enter STOP to stop the program. Then edit 
line 135 to look like this: 

135 LET A* = MID$ < P$ * 2t 4) 

Run the program again. This time, enter the strings TWINKLE, BLIMP, 
and PRICES. Watch what happens in each case. Enter STOP to leave 
the loop. 

What does the M I D$ function do? Explain in your own words. 
(Hint: MID$ stands for "middle string.") 
If the value of W$ is HOWDY, what is MID$< W$ # 2» 1 )? 
If the value of is PARTNER, what isMID$(B$* It 4)? 
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The INT Function 
You have used two BASIC functions that do things with strings. Let's 

look next at some functions that deal with numbers. 

Make the following changes in lines 120 through 140 so that pro¬ 
gram FUNCTIONS looks like this: 

100 'PROGRAM FUNCTIONS 

110 ' LOOP 

120 INPUT A 
130 IF A = -999 THEN 160 
135 LET N = INT(A) 
140 PRINT N 
145 PRINT 

150 GOTO 110 

1G0 ' END LOOP 

170 END 

Line 120 tells the computer to accept a number from the user. 

Line 135 tells it to assign to N the INT of that number. Line 140 tells 

the computer to print the value of N. Run the program for each of the 
following inputs: 1, 2, 3, 3.5, 3.999, 4, and 53.7. Press the 
(Enter-J) key after each input. See what the computer prints each time. 

What the does INT function do? (Hint: INT stands for "integer.") 

Your computer should still be running the program. If not, run it 

again. Type each of the following values: 0, -1, -2, -2.1, -2.9, -3, 
-3.1, and -45.1. Press (Enter^-Qafter you type each value. See what 
the computer prints each time. Enter -999 to stop the program. 

You may wish to change your answer to question 6. How would 

you answer question 6 now? 

What is the value of INT (153.21)? 

What is the value of I NT ( - 1 53 ♦ 2 1 ) ? 
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The SQR Function 
Now, let's look at a new function. Change line 135 of program 
FUNCTIONS to look like this: 

r 

v 

100 
110 

120 
130 
135 
140 
145 
150 
160 
170 

' PROGRAM FUNCTIONS 
' LOOP 

INPUT A 
IF A = -999 THEN 160 

LET N = SQR(A) 
PRINT N 
PRINT 
GOTO 110 

' END LOOP 
END 

Let's see what the SQR function does. Run the program. Enter the 
numbers 4, 9, 25, 49, 100, 2, and -25. Press the (Enter—0 key after 
you type each number. See what the computer prints each time. 

10. What the does the SQR function do? 
11. What is SQR (36)? 
12. What happens if the computer tries to use SQR with a negative 

number? 

The ABS Function 
Now, let's look at another function. Change line 135 of program 
FUNCTIONS to look like this: 

100 ' PROGRAM FUNCTIONS 
110 7 LOOP 
120 INPUT 
130 IF A = 
135 LET N 
140 PRINT 
145 PRINT 
150 GOTO 110 
160 ' END LOOP 
170 END 

A 
-999 THEN 
= ABS(A) 
N 

160 i 
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The new function is ABS, which stands for "absolute value." Let's 

see what it does. Run the program and enter the numbers 5, -5, 1*58, 
-1 *58, 245, and -124. Press the (Entered key after you type each 
number. See what the computer prints each time. Enter -988 to stop. 

13. What does the ABS function do? Explain in your own words. 

14. What is ABS (-76,23)? 

15. What is ABS (346.82)? 

The INKEY$ Function 
Suppose you wanted to control a program by pressing individual keys 

on the keyboard. You could use an INPUT statement. However, as you 

have seen, the INPUT statement stops the program until the computer 

receives input from the keyboard. You might not want to stop the pro¬ 
gram. Luckily, there is another way to do this. 

Your computer can inspect the keyboard "on the fly." The program 

keeps on running. But the computer takes a look to see if a key has been 

pressed. The function that does this is called INKEY$. You will learn 

about this function next. Change your program to look like this: 

100 'PROGRAM FUNCTIONS 

110' LOOP 

120 LET K* = INKEY* 
130 IF K* = "S” THEN 160 
140 PRINT K* 
150 GOTO 110 

160 ' END LOOP 

170 END 

N 

Notice three things: First, lines 135 and 145 should be missing. Sec¬ 

ond, line 120 contains the INKEY* function. Third, the exit condition 
is now K * = " S". Let's see how it works. 

Run the program. Nothing seems to be happening except that the 

screen has gone blank. That is because you haven't pressed a key yet. 

Now press a few keys and watch the screen. As you press each key, you 

can watch the corresponding letters scroll quickly up the screen. 

The INKEY* function is working all the time. If no key is down on 

the keyboard, I N K E Y * assigns the empty string to K *. But the empty 

string produces a blank line when it is printed on the screen. That is why 

you see nothing on the screen most of the time. Press (J] to stop the 
program. Change line 140 to look like this: 

140 PRINT LEN(K*)# K* 
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This line tells the computer to print the length of the string K $ as well as 

the string itself. Run the program. Press a few keys. When you have 

seen enough, press Cs3 to stop the program. 

This version of the program shows more clearly what is taking place. 

When no key is down, the value of INKEY$ is the empty string. The 

length of the empty string is zero, since there are no characters in it. 

That was the reason for the line of zeros that scrolled up the screen. As 

soon as you pressed a key, things changed. Instead of zeros, you saw a 

1. That is because the length of a single character is 1. You also saw the 

character corresponding to the key you pressed. It appeared in the sec¬ 

ond print zone. 

16. How are the I NK E Y $ function and the INPUT statement alike? 

How are they different? 

17. If a key is pressed on the keyboard, what is the value of the 

I N K E Y $ function? 

The RND Function 
We will look at a very important function next. Change program 

FUNCTIONS to look like this: 

Line 135 tells the computer to assign the value of RND to N. 

Line i 40 tells the computer to print this value on the screen. Lines 120 

and 130 tell the computer to quit looping when the user presses fs~). 

RND stands for "random number." The RND function is unusual: It 

produces numbers that seem to have no pattern or design. Run the 

program. Stop the computer with the (Pause) function. Look carefully at 

the output on the screen. Think about the questions at the top of the 

next page. Start and stop the program several times. When you under¬ 

stand what is happening, stop the program with the (5) key. 
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I 

What was the largest number you saw on the screen? 

What was the smallest number you saw on the screen? 
Was there any pattern to the numbers? 

Using Functions 
Now that you know how some BASIC functions work, let's see how to 

put them to use. The RND function makes random numbers. I NT turns 

numbers into integers. There ought to be a way to combine RND and 

shown betw: mte8erS' ^ " Simple Way‘ Enter the chan8e 

100 'PROGRAM FUNCTIONS 

110 ' LOOP 

120 LET K$ = INKEY* 

130 IF K$ = "S" 

135 LET N = 40 
140 PRINT N 

150 GOTO 110 

160 ' END LOOP 

170 END 

THEN 1S0 

* RND 

outnmhPr08ram‘ St°P *,he °UtpUt With the function. Restart the 
output by pressing any key. Start and stop the program several times 

1 y “ 'kl 
program y°U ^ en0U8h' USe the © key »° stop the 

Now let's combine RND with IN T. Edit line 135 so it looks like this: 

135 LET N = INT(40 * RND) 

Think about what line 135 tells the computer to do. Run the program 
top and restart the output with the fpjuii) function, as before like a 

££C1 p„e,,Tbe” p'°d“‘d br prog'am' u“,h« ® k*» i» 

21. What was the largest number you saw? 

22. What was the smallest number you saw? 

23' wolds'1065 th‘S VerS'0n °f the pr°gram do? ExP,ain in Your own 
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The Form of Functions 
You have just learned about a few of the most useful functions in BASIC. 

There are many other such functions. However, they all work the same 

way as the ones you have used here. Instead of exploring each one, let's 

think about what a function is and what it does. 

Nearly all programming languages come with built-in words called 

functions. Functions are important because they give you new ways to 

tell the computer to process data. You already know how to tell the 

computer to add, subtract, multiply, and divide numbers and to join 

strings. But without functions, how would you tell the computer to take 

the square root of a number? How would you tell it to print the first 

character of a string? How would you tell it to print the length of a 

string? You have just seen how to use functions to do those things. 

In BASIC, most functions have the same form. First comes the name 

of the function. Then there is a left parenthesis. Next comes an expres¬ 

sion, such as the name of a variable, a constant, or a combination of 

variables and constants. Some functions, such as M I D$, need more than 

one expression. Each expression is separated from the next by a comma. 

Finally, there comes a right parenthesis. Here are examples of correctly 

written functions: 

LEN(“AARDUARK“) 

INI(100 / 3) 
SQR(49) 

M I D$ ( W$t 1 * J) 

There is a special word for the expressions between parentheses in 

functions. They are called parameters. Sometimes, they are called argu¬ 

ments. In the previous examples, " AARDUARK " is the parameter of the 

LEN function. The number 49 is the parameter of the SQR function. 

Some functions in BASIC have no parameters. RND and I NKEY$ are 

two examples. 

One more special term is used to describe functions: result. The re¬ 

sult is the value to which the function is equal. The result of SQR ( 49 ) is 

7. The result of IN T ( 1 0 0 / 3) is 33. People also say that a function 

"returns" its result: LEN ( "AARDUARK " ) returns 8 as the result. 

Like variables and constants, functions also have a type: either nu¬ 

meric or string. The type of a function is the same as the type of the data 

it returns. For example, I NT returns a number. Thus, it is a numeric 
function. M I D$ returns a string. Thus, it is a string function. What type 

do you think LEN is? LEN has a string parameter. However, it returns a 

number. The kind of data returned is what determines the type of a 

function. Thus, LEN is a numeric function. 

Exploring Functions 247 



You learned in Session 17 that an expression is anything with a 

value. Variables, constants, and operators can be combined into expres¬ 

sions. Since a function also has a value, you can use a function in an 

expression. You may be glad to know that the list of things that can go 

into expressions is now complete. Here are examples of correct expres¬ 
sions that include functions: 

40 * RND 

LEN("SNAIL" ) / 2 

MID$("RUNNER" , 1 » 4) + "ING" 
I NT(SQR(10) ) 

Look over the expressions above. Think carefully about what each 

means. The last example shows a function used as the parameter of 

another function. That is OK, since a function is an expression and any 

expression can be a parameter. The computer first finds the square root 

of 1 0 (about 3 ♦ IS). It then finds the integer part of that number (3). 

24. What is the value of L E N ( "YIPPEE" ) ? 

25. What is the parameter of A B S' ( - 2 5 4 > ? 

Functions as Processes 
Like variables, each function has a name, a type, and a value. For exam¬ 

ple, the name of the string-length function is LEN. Its type is numeric. 

Its value is the number of characters in the string written in parentheses 

after LEN. But there is one big difference between functions and varia¬ 
bles. 

Suppose you use the variable N in a program. It too has a name, 

which is N. It has a type, which is numeric. It has a value, which is 

whatever is stored in the N-box in the computer's memory. As you 

learned in Session 15, a variable is a place in memory. Variables get their 

values by assignment. For example, LET N = 10 tells the computer to 

put 10 in the place named N. INPUT P tells the computer to take the 

number entered by the user and put it in the place named P. 

Functions are not places in memory. It would be incorrect to write 

LET I NT ( 2 ♦ 3 ) = 1 7. There is no place in memory named INTC2.3). 

Thus, it makes no sense to try to assign 1 7 to it. Functions are processes 

that produce results. For example, the LEN function carries out a proc¬ 

ess with these steps: First, it counts the characters in the string parame¬ 

ter. Second, it returns the number of characters as the result. 

A function behaves more like a subroutine than a variable. Both tell 

the computer to carry out the steps of a process. The difference is that a 
function returns a value, but a subroutine does not. 
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You may be wondering how the computer knows the steps of the 
LEN function or the SQR function. The steps of a subroutine are just 
statements in BASIC that you write. But the steps of these built-in func¬ 
tions are instructions in machine language. These instructions are stored 
on the same memory chips that contain all the other instructions that tell 
your computer how to perform a BASIC program. 

P? 
m 

Explain in your own words. 

26. How are functions and subroutines alike? How are they 
different? 

27. What is the major difference between a variable and a function? 
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Value-in, Value-out Tables 
Every function returns a value. Usually the value depends on the pa¬ 
rameter (or parameters) that appear in parentheses after the function 
name. For example, S0R(9) returns the value 3, and SQR( 1G) re¬ 
turns the value 4. Think of the parameter as the value that goes into the 
function. Think of the result as the value that comes out of the function. 
The function takes in one or more items of data, processes the data, and 
puts out one item of data. 

A very good way to find out how a function works is to look carefully 
at what goes in and what comes out. The following table should help 
you understand some of the functions you have been studying: 

Function Value(s) In Value Out 

LEN "AVERYLQNGWORD" 13 
"ROCKET" G 
ii -7 ii 

Lm 1 
II ii 

0 

M I D$ "COMPUTER" > a * 3 "PUT" 
"COMPUTER"*8*1 ii -|- II 

"COMPUTER" t 2* 0 II It 

INT 2 ♦ 1 O 
Am 

O r? 
Am 

1—
«

. 

♦ to
 

to
 

to
 

1 
1 ♦ 1 1 
i 1 
0.1 0 
0 O 

-0,1 -1 
-1 -1 

SQR 100 10 
sa 8 

ry 

Am 1*4142 
0 0 

ABS CD
 

♦ to
 

CO
 CO 

CO 

to 

1 CO
 

♦ to
 

CO
 CO 

CO 

to 
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The R N D and I N K E Y $ functions are not included in the value-in, 
value-out table. That is because neither has a value in (a parameter). As 
you have seen, RND returns random numbers between 0 and .9999999. 
The numbers seem to be scattered as if by chance. The I NK E Y$ function 
constantly samples the keyboard to see if a key has been pressed. 

There are many other functions in the version of BASIC for your 
PCjr. As you become better at programming, you will need some of 
them. You should read Chapter 4 in the BASIC reference book for a 
complete list of the functions that are available. 

Making Random Integers 
We close this session with two simulations that use functions. The RND 
and I N T functions are used very often in programs to generate random 
integers. For example, you might make the integers 1 and 2 stand for the 
two sides of a coin. If you want to "flip the coin" in a fair way, the 
computer must return these two integers at random. Random integers 
from the set 1, 2, 3, 4, 5, and 6 can stand for the roll of a die. In this 
session, you have seen examples of random integers. Let's return for a 
closer look. 

Suppose you want a computer to simulate a tossed coin by returning 
integers at random from the set 1 and 2. The following expression will 
do that: 

I NT(2 * RND) + 1 

Here is how the expression works. RND returns a random number be¬ 
tween 0 and 0.9999999. Next, the computer multiplies that number by 2. 
The result, a number between 0 and 1.999999, is the "value in" of I NT. 
So I NT returns 0 if the number is between 0 and 0.9999999. It returns 1 
if the number is between 1 and 1.999999. The last step is to add 1. This 
will give a value of either 1 or 2 as the value of the whole expression. 

Suppose you wanted to simulate picking one card at random from a 
deck. There are 52 cards in a deck, so you need a random integer be¬ 
tween 1 and 52. This expression is just what you need: 

I NT(52 * RND) + 1 

You should be able to figure out how this works. For example, see what 
value comes out when RND returns 0.1. Try again with 0.5. You should 
get card number 6 and card number 27 as the two results. 
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In this session, you learned how to use 
functions. You saw that the best way to 

describe functions is in terms of "value in" and "value out." The key 
ideas are summarized below: 

Topic 

Function 

Parameter 

Result 

Description 

A process that produces a piece of data. The data 
produced is the value of the function. The type of the 
data produced is the type of the function. 

The data that goes into the function. A function may have 
any number of parameters or none at all. 

The data that comes out of the function. A function 
returns only one value. 
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HE FOR/NEXT 
ABBREVIATION 

SESSION 23 
Session Goals 

Learn how to write a counting loop. 

Use FOR and NEXT statements to rewrite a counting loop. 

• Explore the FOR and NEXT statements. 

Explore the exit values of a loop variable. 
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The Loop Block 
You have learned that the loop block gives you a way to tell the com¬ 
puter to perform some action again and again. It tells the computer to do 
something over and over until the exit condition from the loop becomes 
true. 

In Session 21, you learned how to write a standard outline for the 
loop block. This outline uses a mixture of English and BASIC to describe 
the structure of the loop block. Here it is again: 

_' LOOP 

- do something 

- IF exit condition THEN_ 

do something 

_ GOTO _ 
_ 'END LOOP 

The BASIC loop block contains two control statements: The I F state¬ 
ment tells the computer when to exit from the loop. The GOTO state¬ 
ment tells the computer to keep looping. 

As you have seen, the jump arrows in the loop block show the tar¬ 
gets of the IF and GOTO statements. In the loop-block outline, the tar¬ 
gets are remark statements. These explain the purpose of the jumps. 

A Loop That Counts 
Sometimes one of the "do somethings" in the loop block is missing. 
Such a loop block is called an abbreviated loop block. Here is a loop 
block with the first "do something" missing: 

_ 'LOOP 
- IF exit condition THEN_ 

- do something 

_ GOTO _ 
_'END LOOP I1”1 J 

A counting loop is an example of an abbreviated loop block. The 
purpose of a counting loop is to perform some action (to "do some¬ 
thing") a fixed number of times. The counting loop needs one statement 
before the loop block. That statement sets the counter to its first value. 
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Here is the outline of any counting loop: 

-LET C = first value 

Let's see how to use the counting loop to tell the computer to print 
the numbers from 50 to 100. In the outline, the words "first value" 
stand for 50. The words "last value" stand for 100. The words "do 
something" stand for PRINT C. Here is the outline for this example: 

The first line in the outline says to assign 50 to C. Inside the loop, 
the IF statement tests C to see if it is already greater than 100. It is not, 
so the computer performs the PRINT statement. Thus, 50 appears on 
the screen. Next, the LET statement adds 1 to C. It then assigns the 
sum, 51, to C. Finally, the GOTO statement sends the line pointer back 
to the beginning of the loop. Each time the computer goes through the 
loop, it tests to see if C has become greater than 100. Sooner or later, the 
condition becomes true. As a result, the loop stops. Until that happens, 
the PRINT statement prints each number through 100. 

1. How would you change the outline above to have the computer 
print the numbers from 0 to 1000? 

2. How would you change the outline above to have the computer 
count by 2s? 

3. In the outline above, what is the value of C after the computer 
exits from the loop? 
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Experiments with the Counting Loop 
Now, let's experiment with a program that contains a counting loop. If 
the computer is on, enter the NEW command. Otherwise, start the com¬ 
puter. Then enter the following program: 

100 'PROGRAM COUNT 

110 PRINT "FIRST & LAST VALUES" 
120 INPUT F# L 
130 LET C = F 
140 ' LOOP 

150 IF C > L THEN 190 
160 PRINT C 
170 LET C = C + 1 
180 GOTO 140 
190 ' END LOOP 
200 END 

Notice the counting loop. It is in lines 140 through 190. Line 130 tells 
the computer what to use for the first value of the counter, C. Line 1 5 0 
tests to see whether the counter is bigger than the last value. Let's see 
how the program works. 

RUN 
Answer the question. 

? 5* 10 
Note the list of numbers. 

RUN 
? 90 * l00 ------ Note this list. 

RUN 
? -10# 10 
--- This list began at - 1 0. 

RUN 
? 5# 5 ^ 
-—-- There is only one number this 

time. 

RUN 
? 5# 4 ^ 
—----- there are no numbers this time. 
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LIST 
Look at the program again. 

Which variable in program COUNT stands for the first value of the 
counting loop? 
Which statement sets the counter equal to the first value? 
What is the exit condition in this loop? 
Which statement adds 1 to the value of the counter? 

The FOR/NEXT Abbreviation 
You just experimented with a program that asked you to enter a first 
value and a last value. It then printed a list of numbers that started with 
the first value and increased by 1 each time. The program looked like 
this: 

100 'PROGRAM COUNT 
110 PRINT "FIRST & LAST 
120 INPUT Ft L 
130 LET C = F 
140 ' LOOP 
150 IF C > L THEN 190 
1S0 PRINT C 
170 LET C = C + 1 

180 GOTO 140 
190 ' END LOOP 
200 END 

VALUES” 

There is a simpler way to write this same program. Change the program 
so that it looks like this: 

100 'PROGRAM COUNT 
110 PRINT "FIRST & LAST VALUES" 
120 INPUT Ft L 1 
140 FOR C = F TO L 
1S0 PRINT C 
190 NEXT C 
200 END 

A 
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The new FOR statement is a shorthand way of writing lines 130, 140, 
and 150 in the original version of COUNT. The new NEXT statement 
replaces lines 170, 180, and 100 in the original version. Notice also 
that the variables F and L appear in the FOR statement. Suppose F 
equals 5 and L equals 1 0. What do you think the program says to do? 
Let's find out. 

Go back and enter each pair of numbers you used with the original 
version of program COUNT. You should find that the new version of the 
program works exactly the same way as the old one did. 

8. Which three statements in the original version of program COUNT 
does the FOR statement replace? 

9. Which three statements in the original version of program COUNT 
does the NEXT statement replace? 

Exit Values 
The loop variable C has some value after the loop stops. That value is its 
exit value. Let's explore exit values next. List your program. Add the 
following line right after the NEXT statement: 

195 PRINT "EXIT VALUE = "5 C 

Think about what line 195 tells the computer to do. What do you think 
will be printed if F is 5 and L is 10? Run the program again. Enter the 
same pairs of numbers for F and L that you did before. Pay close atten¬ 
tion to the exit value each time. 

10. How is the exit value of the loop variable C related to the last 
value L? 

11. Look at line 150 in the original version of program COUNT. 
Why is the exit value of C equal to 11 if L is 10? 

Changing the Step 
So far, all your counting loops have counted by Is. Next you'll see how 
to make them count by 2s and other numbers. Clear the screen and list 
the program. Change the FOR statement to this: 

140 FOR C = F TO L STEP 2 
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Note the STEP phrase. Now do these new experiments: 

RUN 
? 0* 20 

RUN 
? 0* 21 

RUN 
? 0t 21.9999 
RUN 
? Qt 22 

Note the numbers and the exit 
value. 

Think about these results. 

Think about these results, too. 

Next, let's try another STEP phrase in the FOR statement in line 140. 
List the program. Change the FOR statement to this: 

148 FOR C = F TO L STEP 10 

List the program again and check it. Then do these new experiments: 

RUN 
? 0# 100 

Note the numbers and the exit 
value this time. 

RUN 
? 1 t 100 

Think about these results. 

12. What does the STEP phrase in a FOR statement tell the 
computer to do? 

13. What one change would you have to make in the original 
version of program COUNT (page 256) to make it count by 10s? 

Counting Down 
So far, all your experiments have resulted in lists in which the numbers 
got bigger. You can also tell the computer to count backward. List the 
program. Change the 10 after STEP to -1. The FOR statement should 
look like this: 

140 FOR C = F TO L STEP -1 
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List the program and check it. Then do these new experiments: 

RUN 
? 10# 5 

Look carefully at the list and at 
the exit value. 

RUN 
? 20# 0 

Think about these numbers. 

14. What does a negative value in the STEP phrase of a FOR 
statement tell the computer to do? 

15. How is the exit value of C related to L when there is a negative 
STEP value? 

A Few Details 
You have only a few more details to learn about the F 0 R/N E X T abbrevia¬ 
tion for counting loops. Change the program to this: 

100 
140 
1S0 

190 
195 
200 

' PROGRAM COUNT 
FOR C = 3 + 4 TO 3*4 

PRINT 0 
NEXT C 

PRINT "EXIT VALUE" = "? C 
END 

Think what this changed program tells the computer to do. Then run 
the program and see if you are right. 

You just saw that the computer calculates the first and last values of 
a FOR/NEaT loop before it starts the loop. Let s see whether you can 
change the last value from inside the loop. Change the program to this: 
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Notice that L starts out as 1 0. But inside the loop, L is changed to 5. Do 
you think the program will count to 10 or to 5? Run it and find out. 
Afterward, type PRINT L in immediate mode. That will tell you what 
L is equal to. 

The last experiment shows you something important: The first and 
last values of a FOR/NEXT loop are computed only once, before the loop starts. 
They cannot be changed from inside the loop. You can change L inside the 
loop. However, that change will not affect the last value of the loop 
variable C. 

16. When does the computer decide what numbers to use for the 
first and last values of the loop variable in a FOR/NEXT loop? 

17. Can a LET statement inside the body of a FOR/NEXT loop 
change the last value of the loop variable? 
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Write a FOR/NEXT loop that prints the integers from 0 to 20. Next 

to each integer, the program should print the square root of that 
integer. Use the function SQR. 

Write a FOR/NEXT loop that tells the computer to print the integers 

from 0 to 100. For each number N, the computer should print the 

square (N * N) and the cube (N * N * N) of the number. 

Write a FOR/NEXT loop that counts from 50 to 10000. Let FREQ be 

the loop variable. Put the statement SOUND FREQ t ♦2 inside the 

loop. Run the program. Then add the phrase STEP 5 to the FOR 

statement. Run the program again. Then change the FOR statement 
to count backwards from 10000 to 50. 

A In this session, you have learned how to 
write a loop that repeats for a fixed 

count. Then you learned to use the FOR and NEXT statements to 
make any counting loop easier to write. 

Topic 

Counting loop 

Loop variable 

Exit value 

FOR/NEXT loop 

FOR 

NEXT 

Description 

A block of statements that is performed a fixed 
number of times. 

The variable that acts as the counter in a counting 

loop. The computer adds to or subtracts from the 

loop variable each time it goes through the loop. 

The value of the loop variable immediately after the 
computer leaves the loop. 

A shorthand way to write a counting loop in 
BASIC. 

A BASIC statement used to begin a counting loop. 

It tells the computer the first and last values of the 

loop variable. If there is a STEP phrase, it tells 

what number to add to the loop variable each time 

through the loop. If there is no STEP phrase, the 

step amount is 1. The computer begins the loop by 
testing the exit condition. 

A BASIC statement used at the end of a counting 

loop. It tells the computer to add the STEP amount 

to the loop variable and repeat the exit test. 
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LOOP-BLOCK 
APPLICATIONS 

SESSION 24 
Session Goals 

• Use the loop-block outline to solve a programming problem, 

e Review the I NK EY$, RND, and I NT functions. 

• Learn more about graphics on the PCjr. 
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Planning a Program with Loops 
You have learned all there is to know about the loop block. You know 
how to write it. You know how it works. And you know how to use the 
FOR and NEXT statements to make counting loops easier to write. Now 
it is time to put the things you have learned to use. 

In Session 7, you learned about the PSET and LINE statements for 
drawing points and lines on the graphics screen. In Session 10, you 
learned to use the SOUND statement to make musical tones. In Session 
22, you used the RND function to get random numbers. You know 
enough now to write a dazzling program that uses all these features of 
your PCjr at the same time. 

Your goal is to plan a program that very rapidly draws random 
points, lines, and rectangles on the screen. The colors should also be 
picked at random. As each figure is drawn, a random musical note 
should be played. The whole process should repeat again and again 
until you press the 3D key. 

The phrase repeat again and again until,/ tells you that the program 
will be based on the loop block. As always, the best way to start work on 
a program is to write the main routine first. You should begin with the 
usual mixture of English and BASIC. Here is an example; 

-' PROGRAM DAZZLER 
- 7 LOOP 
- check the keyboard 
- IF key is S THEN 
- get some random numbers 
- output graphics and sound 
- GOTO _ 
- 7 END LOOP 
_ END 

Before converting this program completely into BASIC, let's make sure it 
is correct. The entire body of the main routine is a loop block. The first 
action inside the loop is to check the keyboard and see whether a key 
has been pressed. Next, the computer tests to see if the key was the (3). 
If so, the computer will exit from the loop and the program will stop. If 
not, the computer does the next two actions: First, it gets some random 
numbers. Second, it uses them to produce graphics and sound. Finally, 
the GOTO statement sends the computer back to the beginning of the 
loop. 

The program seems OK so far. Now let's go on to the next step of the 
top-down method of programming: Let's convert the English words to 
BASIC statements. We can have the computer "check the keyboard” in 
two different ways: We can use the IN P U T statement. Or we can use the 
INKEY$ function. Which is best? The main difference between them is 
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that the IN P U T statement stops the computer and waits for input, but 
the INKEY* function does not. If no key has been pressed, INKEY* 
simply returns the empty string. The computer then goes on to the next 
statement. Since your purpose is to dazzle, you want the computer to 
keep going on. So INKEY* is best. 

Thus, "check the keyboard" becomes L E T K Y $ = IN K E Y $. Now the 
exit condition is easy to convert to BASIC: So "key is S" becomes 
K Y $ = " S". The remaining two phrases, "get some random numbers" 
and "output graphics and sound," are not easy to convert into one or 
two BASIC statements. In this case, the rule is to use GO SUB statements 
for them. Here is the complete main routine: 

100 'PROGRAM DAZZLER 
110 ' LOOP 
120 LET KY* = INKEY* 
130 IF KY* = "S" THEN 170 
140 GOSUB 400 'RANDOM NUMBERS 
150 GOSUB 600 'OUTPUT 
160 GOTO 110 
170 ' END LOOP 
180 END 

The next step in the top-down method is to plan and write the sub¬ 
routines. At this early stage, it is a good idea to keep the subroutines 
simple. That way, you will soon have something to enter into the com¬ 
puter and test. With that idea in mind, let's limit the RANDOM NUMBERS 
subroutine to picking only two random numbers. Then the OUTPUT 
subroutine can simply print them on the screen. Here are the simple 
versions of the two subroutines: 

390 / 

400 'SUB RANDOM NUMBERS 
410 LET XI = RND 
420 LET Y1 = RND 
430 RETURN 
590 / 

600 'SUB OUTPUT 
610 PRINT XI # Y1 
620 RETURN 
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At this point, you have a complete BASIC program. The next step is 
to enter it into the computer and get it running. Start the computer as 
usual. Enter the main routine and both subroutines. Run the program. 
Fix any lines with syntax errors. You should see two columns of num- 
bers scrolling up the screen. Now press the (T) key. The program 
should stop. (If it does not, you will have to use the flijiD function to 
stop it.) Fix any errors you find. 

1. In program DAZZLER, what value does KY$ have if no key has 
been pressed? J 

2. Program DAZZLER is not very exciting yet. Why is it a good idea 
to enter this simple version into the computer before adding more 
lines to it? & 

Getting Graphics Output 
You now have a working program. It doesn't do much yet. However it 
is a strong framework on which to build. As you add features to the 
program, you will not have to worry about the basic structure. It will 
stay the same. As a result, you can focus your attention on the details, 

he next step is to add graphics. In Session 7, you used the PSET 

draW tiny d°tS °n the screen- For example, 
PSET (160, 100) tells the computer to draw a dot in the middle of 
the graphics screen. (Remember, the width of the medium-resolution 
graphics screen is 320 dots. The height is 200 dots.) You can use PSET in 
your program to make the computer draw lots of dots at random places 
on the screen. 

Clear the screen and list the two subroutines. Think about the 
changes you will need to make. 

One change is easy: The PRINT XI , Y1 statement will have to be 
changed to PSET (XI . Y1 ). But that is not enough. When you ran the 
tirst version of your program, it printed the values of X1 and Y1 They 
were all numbers between zero and one. But now X1 must be a number 
etween 0 and 319. And Yi must be a number between 0 and 199. 

In Session 22, you learned how to use the I NT and RND functions 

°Sf,h,Z, random integers. For example, the expression 
INI 5i * RND) gives a random integer between 0 and 51 (If you 
need to review this idea, see page 246.) You can use this method of 
getting random integers in your new program. You will have to use 320 
as the multiplier of RND to get the right numbers for X1. Similarly, you 
will have to use 200 to get Y 1 J J 

Use screen editing to make the changes shown on the next page in 
your two subroutines. 5 
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400 
410 
420 
430 
590 
S00 
610 
620 

SUB RANDOM 
LET XI = 
LET 

RETURN 

/\ 

Y1 

NUMBERS 
INT(320 * RND) 
INT(200 * RND) 

' SUB OUTPUT 
PSET (XI» 

RETURN 
Y1) 

Now see what happens when you try to run the new version of your 
program. The message Illegal function call in 610 tells you 
that something is wrong. The words of the message are misleading: 
PSET is a statement, not a function. You may at first think you've mis¬ 
spelled the statement or used the wrong punctuation. But that is not it. 
Spelling and punctuation errors usually result in a Syntax error 
message. 

Your problem now comes from the fact that your program uses a 
graphics statement while the computer is on the text screen. You need to 
tell the computer to go to the graphics screen before you ask it to pro¬ 
duce any graphics output. It's also a good idea to end the program by 
returning to the text screen. Make these two changes to your main 
routine: 

100 'PROGRAM DAZZLER 
105 SCREEN 1 
110 ' LOOP 
120 LET KY$ = I N K E Y $ 
130 IF KY$ = "S" THEN 170 
140 GOSUB 400 'RANDOM NUMBERS 
150 GOSUB 600 'OUTPUT 
160 GOTO 110 
170 ' END LOOP 
175 SCREEN 0 
180 END 

Then run the program. It should work fine now. You should see many 
little dots appearing in random places all over the screen. If you are 
using a color TV, some dots will look blue and others will look orange. 
The color is not set by the computer. It is a feature of the color TV, itself. 
The same kind of dot may have a different color even if it is drawn in 
two places right next to each other. 
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Press the © key. That should stop the loop. Then the computer 
should return to the text screen again. You should see the word Ok at 
the top of the screen. Run and stop the program a few times. 

The program you have written is more than just a recreation. One of 
the best ways to test whether a computer's random-number program 
makes truly random numbers is to do what you have just done: Pick two 
successive "random" numbers and use them to plot a point on the 
screen. 

What would the computer have drawn if you did not make the 
changes in subroutine RANDOM NUMBERS? 

What did the message Illegal function call tell you about 
the PSET statement? 

Making Random Lines 
Your program now tells the computer to draw randomly placed dots on 
the graphics screen. It should be easy to make it draw lines between the 
dots. In Session 7, you used the L I NE statement to draw a line between 
two points. For example, 

LINE (0i 0) - (319 , leg) 

tells the computer to draw a line from the upper left-hand corner of the 
screen to the lower right-hand corner. 

There is another way to use the LINE statement. You can leave out 
the first pair of numbers and their parentheses. For example, you could 
write this statement: 

LINE - (313, 199) 

This also tells the computer to draw a line to the lower right-hand cor¬ 
ner. However, it does not say where the line should begin. When you 
leave out the first pair of numbers in the LINE statement, the computer uses the 
previous point drawn as the beginning of the line. For example, the four 
statements below tell the computer to draw a triangle: 

10 PSET 
20 LINE 
30 LINE 
40 LINE 

(0 , 0) 

- (0, 199) 
- (319, 199) 
- (0» 0) 
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Let's see how to use this new form of the LINE statement to add 
some interest to program DAZZLER. Your OUTPUT subroutine looks 
like this now: 

S00 ' SUB OUTPUT 
B10 PSET (XI t 
B20 RETURN 

Yl ) 

"\ 

J 
By changing PSET to LINE followed by a hyphen, you can make the 
computer draw a line from each random point to the next one. Make 
this change in line 610: 

610 LINE - (XI * Yl) 

Run the program. Notice that the first point is not defined. However, 
the computer assumed a point. Can you see where this first point was? 
Use (IF) to quit. Then list the program. 

Now, suppose you do not want all the points connected. You would 
get a different effect if you had the computer pick two points at random 
and then draw a single line between them. The following changes in the 
subroutines will do the job: 

Y 

400 'SUB RANDOM NUMBERS 
410 H

 

•
H

 

x
 \

 

111 I NT(320 # RND ) 
420 LET Yl = I NT(200 RND ) 
422 LET X2 = INT(320 * RND) 
424 LET Y2 = INT(200 * RND) 
430 RETURN 

590 / 

B00 'SUB OUTPUT 
B 1 0 LINE (XI » Yl) - (X2 : * Y2) 
B20 RETURN 

Make the three changes shown above. Run the program. Use (JT) to 
quit. This time, you saw random lines like so many sticks tossed on the 
screen. 

What does the statement LINE - (0# 199) tell the computer 
to do? 
In the last version of the program, why does subroutine RANDOM 
NUMBERS call for four random integers? 
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Adding a Tool 
Your program now draws each line as quickly as possible. That is excit¬ 
ing, but the program would be more flexible if you could easily stop and 
restart it. You know one way to do that: Use the (pISiD function to stop 
and any symbol key to restart. That sounds easy enough, but there is an 
even easier way. In this section, you will learn how to tell the computer 
to keep the loop going as long as you hold a key down, and to pause 
whenever you release the key. 

The loop in your main routine now looks like this: 

110 ' LOOP 
120 LET KY$ = I NKEY$ 
130 IF KY$ = "S " THEN 170 
140 GOSUB 400 'RANDOM NUMBERS 
150 GOSUB 600 'OUTPUT 
160 GOTO 110 
170 ' END LOOP 

This loop keeps running because the INKEY $ function does not wait for 
you to press a key. If there is no key pressed, INKEY$ returns the 

i^p nrSIrjn|' 1°“ T1? make the Pro8ram stop by using the statement 
i INPUT K I $. Then the loop would pause until you pressed the (Emer -0 

key. By holding the (Enter -J) key down, you could use your keyboard's 
repeat action to keep the loop going. 

That sounds good, but there is a problem: The INPUT statement 
tells the computer to print a question mark on the screen and to turn the 
cursor on. You probably don't want a lot of question marks on the screen 

tu I1'3""'15 pictureS' You need a new tool. Let's call it 
K E1 W,A 1T' The flrSt Step 1S eas>'' RePla« line 120 in the main routine 

120 GOSUB 800 'KEY WAIT 

Next, you must wnte the subroutine that does this job. But you 
cannot use the IN P U T statement. You want the computer to stay in the 
subroutine until a key is pressed. This is another job for the loop block 
Here is how to outline the loop: 

-'LOOP i-■- 

- LET KY$.= INKEY$ 
- IF KY$ <> "" THEN 
- GOTO_— 1 
- 'END LOOP 
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The first thing the computer does inside the loop is to assign the 
value of I N K E Y $ to K Y $. The exit condition is that K Y $ is not the empty 
string. The symbol < > means "is not equal to." If KY$ is equal to the 
empty string, the computer goes on with the loop. There is nothing else 
to be done inside the loop. The GOTO statement sends the computer 
back to the beginning of the loop. 

There is a shorter way to write any loop in which the second "do 
something" is missing. You can combine the IF statement with the 
GOTO that comes right after it. The trick is to change the exit condition 
into a "keep looping" condition. Here is how your outline would look in 
the shortened form: 

This version tells the computer to keep looping as long as K Y $ is equal 
to the empty string. In other words, the computer should wait for some 
key to be pressed. When a key is pressed, the loop should stop. At that 
point, KY$ should tell what the key was. 

The lines below show this loop as the body of the new subroutine 
you need. Enter all the lines now. 

Run the program again. No lines should appear on the screen yet. Press 
the spacebar once. You should see a line. Press any symbol key except 
fs). You should see another line. Hold the spacebar down for a while. 
Then release it. Lines should be drawn as long as you hold the spacebar 
or any symbol key down. Press the Cs] key. The program should stop. 

You should remember the subroutine you learned about here. It is 
very short, but it is also very useful. It is particularly useful if you want 
to get input from the keyboard without having any letters or symbols 
appear on the screen. After you finish this session, you may want to add 
this subroutine to your TOOLKIT file. 
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tl II 7. In your program now, why is K Y $ = 
condition? 

called a "keep looping" 

8. Suppose the user presses a key while the computer is performing 
the loop in subroutine KEY WAIT. Then the computer performs 
line 830. What line will be performed next? 

Adding Colors and Shapes 
You now have more control over how your program works than before. 
Let s use the new version to add excitement. In Session 7, you used the 
LINE statement to draw boxes and fill them with color. Let's begin with 
a simple change. Enter the command EDIT 610. Use cursor editing to 
add * * B to the end of the line. The line should look like this: 

610 LINE (XI * Yl) - (X 2 t Y2)tt B 

Run the program. Hold down the spacebar. You will see boxes printed 
on the screen. Let the spacebar up to stop output. Use ® to quit. 

Next, let s add color to the boxes. In Session 7, you found out that 
there are four different foreground colors you can use in the LINE state¬ 
ment Let s pick the colors at random. You know how to do that. Add 
this line to subroutine RANDOM NUMBERS: 

426 LET C = INT(4 * RND) 

List the subroutine and check for errors. Enter the ED IT 610 command 
again. Insert a C between the two commas in line 610. The line should 
now look like this: 

G10 LINE (Kl, Yl) / V o 
W\ Jl. t Y2 B 

Now run the program. Start and stop it as before. You should see a little 
more color on your TV screen now. 

The next step is to add a lot of color. Usually, the colored lines you 
see on a home TV are disappointing. But colored areas can be very 
interesting on a TV. You can easily change your OUTPUT subroutine to 
draw solid boxes in different colors. All that you need to do it is to 
change B to BF in the LINE statement. 

Use the ED IT 610 command again. Use the (gjd) function to move 
the cursor to the end of the line. Type an F. Press the (Enter-d key. List 
the OUTPUT subroutine and check line G10 for BF at the end of the 
line. Then run the program as before. 

9. What do the symbols B and BF mean in the LINE statement? 

. - J10- ExPlaln how the new version of the program tells the computer 
what color to use for the boxes it draws. 
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More Color and Sound 
The boxes you have just seen on your TV screen have four colors: black, 

cyan, magenta, and white. The boxes were drawn against a black back¬ 

ground. It is easy to choose a different background color, using the 

COLOR statement. You have done this many times before. To make the 

background color dark blue, you must use the number 1 in a COLOR 

statement. Add this line to your main routine: 

107 COLOR 1 

Run the program. Notice the four colors of the boxes. Then stop the 

program. What colors did you see? 

This time, three colors are the same as before: cyan, magenta, and 

white. But there are no black boxes this time. Instead, you see blue 

boxes. What is going on? 

The answer is simple. The value of the C variable tells the computer 

what color to use for the boxes. There are four possible values for C. If 

C is 1, the color is cyan. If C is 2, the color is magenta. If C is 3, the color 

is white. These three colors are called foreground colors. But what hap¬ 

pens when C is 0? In that case, the box is drawn in the background color, 

whatever the background color is. Later, if you tell the computer to change 

the background color, everything drawn with C equal to 0 suddenly 

changes color. 

This is fun to do. On page 34 is a table showing the 16 possible 

background colors. So let's have the computer choose one at random 

each time it goes through the loop. Add these two statements to your 

subroutines now: 

428 LET BACK = INK 16 * RND) 
605 COLOR BACK 

List the subroutines and check for errors. Line 428 picks a random 

background-color number between 0 and 1 5. Line B 0 5 tells the com¬ 

puter to set the background color to that number. Run the program. 

Press the spacebar once. Press it several more times. Notice the back¬ 

ground. You should see it change color each time you press the spacebar. 

At the same time, boxes drawn in the old background color should 

switch to the new color. Press QT) to stop. 

There is another interesting thing you can do with colors. In me¬ 

dium-resolution graphics, your PCjr has two different sets of fore¬ 

ground colors. Each set is called a palette. In art, a painter's palette is a 

board containing globs of paint the artist wants to use. The artist picks a 

color by putting a brush in the right place on the palette. 

On your PCjr, you picked a foreground color by telling the computer 

the value of C. In other words, the value of C is like a place on the 

Loop-Block Applications 273 



painter's palette. The color you get on the screen depends on the color of 

the "paint” at that "place" on the palette. If C is 3, the "paint" is white, 
and you get a white box. 

This is true on palette 1, the set of foreground colors used so far. But 

there is another palette. It is called palette 0. If C is 3 on this palette, the 

"paint" in that "place" is brown, not white. The table below tells the 
colors on each palette: 

Place Number 

0 
1 
2 
3 

Palette 0 Color 

Background 
Green 
Red 
Brown 

Palette 1 Color 

Background 
Cyan 
Magenta 
White 

Now, how can you tell the computer to use palette 0 instead of 
palette 1? That is easy: Just add another number to your COLOR state¬ 

ment. The first number picks the background color. The second number 
picks the palette. Edit line 107 to look like this: 

107 COLOR 1, 0 

This line tells the computer to begin with background color number 1 

(dark blue) and foreground palette number 0. Run the program now. 
Press the spacebar and watch the new foreground colors. Press fsl to 
stop. 

Let s make a final improvement to your program by adding some 

sounds. You have used the SOUND statement to make musical notes on 

your PCjr. The first number in the statement tells the computer what 

requency to play the note at. The second number tells the computer 

how long to play the note. Let's keep the length of each note the same 

and make it very short—say, one clock tick. But let's pick the frequency 

at random. Add these two statements to your subroutines now: 

429 LET FREQ = 50 + 1NTC1000 * RND) 
615 SOUND FREQ t 1 

Line 4^9 picks a random frequency between 50 Hz and 1049 Hz 

Line S15 tells the computer to play the note for one clock tick. 

If you are using Cassette BASIC, the program is now complete. If 

you are using Cartridge BASIC, you need to set "foreground" music 
mode. In that case, add this statement to the main routine: 

109 PLAY "MF” 
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List the main routine and subroutines. Check for errors. Run the 
program. Hold down the spacebar. Adjust the volume control on your 
TV if necessary. Stop and start the program as usual. Use Cs^ to quit. 
Your final program (in Cartridge BASIC) should look like this: 

100 ' PROGRAM DAZZLER 

105 SCREEN 1 

107 COLOR 1» 0 

109 PLAY "MF" 

110 ' LOOP 

120 GOSUB 800 'KEY WAIT 

130 IF KY$ = "S" THEN 170 

140 GOSUB 400 ' RANDOM NUMBERS 

150 GOSUB S00 ' OUTPUT 

1S0 GOTO 110 

170 ' END LOOP 

175 SCREEN 0 

180 END 

390 ' 
400 ' SUB RANDOM NUMBERS 

410 LET XI = I NT(320 * RND) 

420 LET Yl = I NT(200 * RND) 

422 LET V/ O — 
/\ jL. ~ I NT(320 * RND) 

424 LET Y 2 = I NT(200 * RND) 

426 LET c = I NT(4 * RND ) 

428 LET BACK = I NT(16 * RND) 

429 LET FREQ = 50 + I NT(1000 

430 RETURN 

590 ' 

800 ' SUB OUTPUT 

605 COLOR BACK 

610 LINE (XI * Yl) - (X2 t Y2)» C» BF 

615 SOUND FREQ t 1 

620 RETURN 

790 ' 

800 ' SUB KEY WAIT 

810 ' LOOP 

820 LET KY$ = INKEY$ 

830 IF KY$ = "" THEN 810 

840 ' END LOOP 

850 RETURN 

11. In medium-resolution graphics mode, what does the second 

number in the COLOR statement tell the computer? 
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PROJECTS 
Program DAZZLER is a good one to save on a cassette tape or 

diskette. However, before you do so, there is one other thing you 

should do: Now is the time to renumber the lines to make room for 

any other changes you may want to make in the future. Start with 

the command RENUM 100. Then list the beginning of the program: 

say, lines 100 through 300. Read the main routine. Find the line 

number of subroutine RANDOM NUMBERS. Renumber the program 

from that line on, making the first new line number 400. In other 

words, if the first renumbering makes subroutine RANDOM NUMBER 

begin at line 240, you should enter the command RENUM 400, 240. 

Then list the main routine again. Repeat the procedure above with 

each of the other two subroutines. Renumber them so that they 
begin at lines S00 and 800. When the line numbers are OK, 

save the program. If you have a printer, use the LL I ST command 
to print a listing. 

Your PCjr has many different screen modes. There are three in 

Cassette BASIC. There are four more in Cartridge BASIC. (You may 
need additional memory in your computer to use some screen 

modes.) If you are interested in exploring these modes, program 

DAZZLER will help you. For example, to explore SCREEN 3 all you 

need to do is this: Change 320 to 1G0 in the LET XI and LET X2 

statements. There are 16 foreground colors in this mode. Thus, you 

can also change 4 to 1 S in the LET C statement. If you are interested 

these modes, read about them in Chapter 4 of the BASIC reference 

book for your PCjr. Read first about the SCREEN statement and then 
about the COLOR statement. 

Subroutine KEY WAIT is very useful in many situations. Add it to 

your TOOLKIT file. Load TOOLKIT into memory. Then type the 

lines of the subroutine, using line numbers beginning with 3000. 

Finally, save the subroutines again under the same name. 
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In this session, you have used two 
BASIC loop blocks to control a program 

with graphics and sound output. The loop in the main routine told 
the computer to keep drawing rectangles and making sounds until 
the fs~]key was pressed. The loop in the KEY WAIT subroutine told 
the computer to check the keyboard again and again until any key 
was pressed. These are just two of thousands of possible uses of the 
loop block. 

Topic Description 

Palette A set of colors. In medium-resolution graphics mode, 
there are two palettes. Each palette has four colors, 
numbered 0 through 3. In both palettes, color 0 is the 
same as the current background color. 

COLOR b, p A BASIC statement that, in medium-resolution graphics, 
sets the background to color b and the palette to number 
p. This statement means different things in other screen 
modes. 
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n Part Four, you learned about the BASIC loop block. You used 
it to tell the computer to repeat some action until a condition 
became true. You found out how to write a counting loop. You 

learned how to use the FOR and NEXT statements as a shortcut for 
writing counting loops. Along the way, you used loops to explore 
strings, numbers, and functions. 

Before you read Part Four, you wrote only programs in which 
all the statements were performed one after the other. No statements 
were repeated. Such a straight-line sequence of statements is called 
an "action block/' In this block, each statement tells the computer 
to perform some action. The main actions are input, assignment, and 
output. After the computer completes the action, it goes on to the 
next action in the block. 

In Part Five, you will learn about a third kind of program 
block. It is called a "branch block." This block tells the computer to 
do either one thing or another thing. You will not need to learn any 
new BASIC statements to build a branch block. It is made out of the 
same parts as the loop block. However, the loop and the branch 
work differently. The loop tells the computer to repeat something. The 
branch tells the computer to choose between two things. 

At this point, you may be wondering how many more kinds of 
program blocks you will have to learn about. The answer is simple: 
none. Every programming task can be done using only three kinds of 
blocks: actions, loops, and branches. This is a good fact to keep in 
mind when you have a programming problem. Instead of looking 
around for the next statement to write, ask yourself which kind of 
block you need. There are dozens of kinds of statements. But there 
are only three kinds of blocks. 
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THE STANDARD 
BRANCH BLOCK 

SESSION 25 
Session Goals 

Learn to use compound conditions in the branch block. 

Learn the structure of the branch-block outline. 

Use the branch-block outline to describe everyday events. 

280 The Branch Block 



Comparison Operators in the IF Statement 
You won't need to use the computer for this session. Find a comfortable 
chair. Spend the next 20 minutes or so reading this session. You have 

used the IF statement in the loop block. It told the computer when to 

exit from the loop. You will be using the I F statement for a different 

purpose in Part Five. Now is a good time for you to learn more about the 

I F statement. 

The condition in the I F statement is made up of one or more com¬ 

parisons. A comparison is always made up of two pieces of data sepa¬ 

rated by a comparison operator. You know that the symbols and 

/ are arithmetic operators. They tell the computer to perform the rules 

of arithmetic on the numbers to the left and right of the operator. The six 

symbols = , < >, >, > = , < =, and < are comparison operators. They tell the 

computer to compare the two pieces of data and decide whether the 

comparison is true or false. 

There are six ways to compare two numbers. The table below tells 

the meaning of the operators when they are used to compare two numbers. 

Comparison Operators 

Operator Meaning When Applied to Numbers 

= is equal to 

< > is not equal to 

> is greater than 

> = is greater than or equal to 

< = is less than or equal to 

< is less than 

The terms greater than and less than refer to a number's position on the 

number line. 

-I 1-1-H-1-1-1— 

-3-2-1 0 12 3 

4 lesser — — greater —4 

For example, Z is greater than 1, and it is also greater than - 3. On the 

number line, 2 is to the right of 1 and also to the right of - 3. Notice also 

that - 1 is greater than ~2. That is because - 1 is "more positive," or to 

the right of, -2. 
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The table below contains the same six comparison operators. It gives 
their meaning when they are used to compare two strings. The words 
earlier and "later" refer to dictionary order. 

Comparison Operators 

Operator Meaning When Applied to Strings 

~ is equal to 

> is not equal to 

> is later than 

> = is later than or equal to 

= is earlier than or equal to 
is earlier than 

Of course, not all possible strings are words in the dictionary. How¬ 
ever, the rules of dictionary order apply to nonwords as well. The com¬ 
parison " AARRGH" > "AARDUARK" is true. That is because A A RRGH, 

if it were a word, would appear later in the dictionary than A ARDU ARK. 

Strings can also contain punctuation marks, spaces, and numbers. 
You can think of all these as letters in one big alphabet: The space comes 
first, then most of the punctuation marks, then the numbers, and finally 
the letters. It is OK to compare "ABC" to "123". Since both are en¬ 
closed in quotation marks, both are strings. But you cannot compare 
" ABC " to 1 23. The latter is a numeric constant. If you try to compare a 
string to a number, you will get a Type mismatch error message 

1* The °Perator > can be used to compare either strings or numbers. 

wjLJ What is the difference in meaning between the two cases? 
2. Are the following comparisons true or false? 

a. 4*5 >=16 + 2 

b. "KIT" > "KITTYCAT" 
c. 350 >= 250 

d. "ABACUS" < "COMPUTER" 

Compound Conditions 
The condition in an IF statement can have more than one comparison. 
Such a condition is called a compound condition. In compound condi¬ 
tions, the comparisons must be separated by the words OR or AND. Here 
is an example of a compound condition using OR: 

IF N = 7 OR A$ = "YES" THEN 50 

The condition in the IF statement is compound because there are two 
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comparisons between IF and THEN. They are separated by the word 
OR. The compound condition is this: 

N = 7 OR A$ = "YES" 

The compound condition is true if either part is true. That is, if N is 7, or 
if A$ is YES, or if N is 7 and A$ is YES, the condition is true. The whole 
condition is false only if N is not 7 and A$ is not YES. In this example, 
there are only two comparisons in the condition. However, there can be 
more than two comparisons in a compound condition. When the word 
0 R is used between the parts of a compound condition, the whole condi¬ 
tion is true if any one of the parts is true. 

The comparisons in a compound condition can also be separated by 
AND. Here is an example of such a condition: 

A$ > B$ AND X = Y 

This compound condition is true only if both comparisons are true. It is 
false if either comparison is false. A compound condition can have sev¬ 
eral comparisons separated by AND. Here is an example: 

comparison 1 AND comparison 2 AND comparison 3 

All the comparisons must be true for this compound condition to be 
true. If any one of the comparisons is false, then the compound condi¬ 
tion is false. 

Both AND and OR can be used to separate the comparisons in certain 
compound conditions. Here is an example: 

A$ > B$ AND X = Y AND C > 0 OR Wl$ = W2$ 

The logic of this compound condition is hard to follow. There are four 
comparisons in the condition. Is the condition true if the first three com¬ 
parisons are true or the last one is true? Is the condition true if the first 
two comparisons are true and either the third or fourth is true? You 
probably aren't sure. 

Since complicated compound conditions that use both AND and OR 
are hard to understand, it's best to avoid them. However, if you have to 
use both AND and OR, there is a way you can make your meaning 
clearer. You can use parentheses. For example, the condition 

(A* > B$ AND X = Y AND C > 0) OR Wl$ = 142$ 

is easier to understand because of the parentheses. It is true if the first 
three comparisons are all true, if the last comparison is true, or if all the 
comparisons are true. Otherwise, it is false. 
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It is important to remember that the I F statement uses a condition to 
determine what statement the computer performs next. It makes no 
difference whether the condition is simple or compound. It does not 
matter whether numbers, strings, or both are used in the comparison. If 
the condition is false, the computer goes on to the next line after the IF. 
If the condition is true, the computer jumps somewhere else. 

3. What is a compound condition? 
4. Are the following conditions true or false? 

a. a > 2 OR "DOG" > "CAT" 

k 3 > 4 OR 10 > 12 OR "A" > "B" 

c. 4 > 2 AND "DOG" > "CAT" 

d. 3 < a AND 10 < 12 AND "A" < "B" 

Branch-Block Outline 
In Session 21, you learned how to write an outline of the loop block. You 
used a mixture of English and BASIC words. In this session, you will 
write a similar outline for the branch block. 

A loop block is used to do something over and over until a condition 
becomes true. A branch block is used in an either-or situation. In a 
branch block the computer begins by testing a condition to see whether 
it is true or false. The condition can be a single comparison or a com¬ 
pound condition. If the condition is true, the computer performs one 
group of statements. If the condition is false, it performs a different 
group of statements. In either case, the computer goes on to the next 
statement in the program after completing the branch block. 

The first part of a branch block is an IF statement. It contains the 
condition to be tested. After that, there must be one group of statements 
for the computer to perform if the condition is true. There must be an¬ 
other group for the computer to perform if the condition is false. There 
must be a GOTO statement between the two groups. It tells the computer 
to skip the second group if it has already performed the first. Here is the 
branch-block outline: 

- IF condition THEN_ELSE 

IF y - ■ •' ;-:.v ; ■ A' 
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As in the loop-block outline, the blanks show where line numbers 
will be used. The jump arrows remind you that the numbers after THEN, 
ELSE, and GOTO must match the line numbers of the targets of the 
jumps. Remark statements tell the reader of the reasons for the jumps. 
Condition can stand for a comparison, such as A1 >5. It can also stand 
for a compound condition, such as A $ = "YES" AND C < 10. The 
indented phrase do something stands for one or more BASIC statements. 
Here is how the computer performs a branch block: 

The computer's rules for performing a branch block 

1. Test the condition to see whether it is true or false. 
2. If the condition is true, move the line pointer to the 

remark. Then perform the first "do something" block. If the 
condition is false, move the line pointer to the ELSE remark. 
Then perform the second "do something" block. 

3. Move the line pointer to the END IF remark. Then exit from the 
branch block 

The outline shows that the branch block is very different from the 
loop block. In the loop block, there is a jump arrow from the GOTO 
statement at the end all the way hack to the beginning. In the branch-block 
outline, both jump arrows go forward. 

The IF statement appears in both kinds of blocks. However, it has 
completely different purposes in the two blocks. In the loop block, the 
IF statement tells the computer when to exit from the loop. In the 
branch block, the IF statement tells the computer which "do some¬ 
thing" to perform. 

The GOTO statement also appears in both kinds of blocks. But as 
with the IF statement, it has totally different uses in the two blocks. In 
the loop block, the GOTO statement at the end tells the computer to loop 
back to the beginning. In the branch block, the GOTO statement tells the 
computer to skip the ELSE "do something" if it has performed the 
THEN "do something." 

7. 

8. 

Why must a jump arrow go backward in a loop block but not in a 
branch block? 
What is the purpose of the IF statement in the branch block? In 
the loop block? 
What is the purpose of the GOTO statement in the branch block? 
In the loop block? 
What do the three remark statements in the branch-block outline 
on page 284 tell someone who is reading the program? 
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Branches in Everyday Life 
Branches are not just used in computer programs. You probably use 
branches often in telling other people how to do things. You also find 
many branches in the instructions for doing everyday tasks. Let's look at 
an example now. 

Think about these sentences: "The right lane on a highway is the 
slow lane. People drive slowly in the right lane." Slow is an adjective in 
the first sentence. Slowly is an adverb in the second sentence. You can 
change the adjective to the adverb by adding ly. But is that rule always 
true? Speedy is also an adjective. If you add ly, you get speedy ly, which is 
obviously wrong. The correct way to spell the adverb is speedily. 

In school, you learned the following spelling rule for changing adjec¬ 
tives to adverbs. "If the adjective ends in y, change the y to i and add ly. 
Otherwise, just add ly." 

If you think of this spelling rule as a program block, you'll see that it 
is not a loop. Nothing gets done again and again. The block is a branch: 
Either one thing gets done or another thing gets done. Here is how you 
could write the spelling rule, using a mixture of English and BASIC: 

- IF last letter is y THEN __ELSE 
' THEN 4— 

- change y to i 

—J? 

- add ly ' W 

GOTO 
J 

- add ly 

'END IF*_ -A 
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Paul Revere faced a problem we can describe with a branch block. 
This example is interesting because it needs an action and a loop block as 
well as a branch block. 

Paul Revere's mission was to warn the Minutemen at Lexington 
whether the British forces were coming by land or by sea. His instruc¬ 
tions to a fellow patriot might have been these: "Climb up in the tower 
of Old North Church, where you can see what the British are doing. If 
they come by land, hoist one signal lantern. If they come by sea, hoist 
two. Once I see the signal. I'll ride and spread the alarm." 

There are three separate parts to Paul's instructions. First, climb the 
tower. Second, wait until you see the British. Third, give one alarm or 
the other. Here is a BASIC outline of the orders: 

_ climb the church tower 

_ 'LOOP 

look for movement 

IF British are coming THEN_ \ 

_ wait awhile 

_ GOTO _ 
_ 'END LOOP 

„ _ _ IF British coming by land THEN_ELSE_ 
_' THEN 4—-——-~—J 

_ light one lantern 

_ GOTO _ 

_ ' ELSE 

— -5 r 

_ light two lanterns 

___ 'END IF 

You cannot describe all of these instructions with the action and loop 
blocks alone. You need the branch block too. Using just these three kinds of 
blocks, you can give any instructions, no matter how complicated they are. This 
is true whether you are giving instructions to a person or to a computer. 

10. 

A friend telephones you and says: "Let's go on a picnic 
Saturday. If it rains, we'll go to a movie instead." Rewrite this 
suggestion in the form of a BASIC branch outline. 
Make up your own either-or situation. Write instructions for it in 
the form of a BASIC branch outline. 
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In this session, you learned about the 
branch block. This is the last of the 

structures you need to learn about to solve any programming 
problem. The key ideas are outlined in the table below. 

Topic 

Branch block 

Comparison operators 

Compound condition 

OR 

AND 

Description 

A program structure used to tell the computer 
to perform either one block of statements or 
another block of statements. The choice 
depends on whether some condition is true or 
false. 

The symbols =, < >, >, >=, < =, and <. These 
symbols are used to form comparisons 
between numbers or between strings. 

A condition containing more than one 
comparison. The comparisons must be 
separated by the BASIC words AND or OR. 

A BASIC word used to separate comparisons 
in compound conditions. In a compound 
condition with two comparisons separated by 
OR, the condition is true if either of the 
comparisons or both are true. The condition is 
false if both the comparisons are false. 

A BASIC word used to separate comparisons 
in compound conditions. In a compound 
condition with two comparisons separated by 
AND, the condition is true only if both 
comparisons are true. The condition is false if 
either comparison is false. 
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SESSION 26 
Session Goals 

• Write a branch block that simulates the toss of a coin. 

• Nest a branch block inside a loop block. 

Change the coin-tossing simulation to stop after a fixed number of 
heads have occurred in a row. 
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Writing a Coin-Tossing Branch Block 
Now that you have seen how the branch block works, we will write a 
program that uses one. The job is to make the computer behave like a 
coin tosser. A program that does this kind of thing is called a simulation: 
The computer does not toss a coin, but in some ways it can act like it is 
doing so. Your program will print HEADS or TAILS after each 'Toss." 
You will use the RND function to get the random numbers needed to 
decide which word to print. 

As always, the best way to begin the program is to start at the top. 
What are the main things that have to be done? The program could run 
as an infinite loop. Or it could be a conditional loop—a loop with an exit. 
We choose the conditional loop because it gives the user of the program 
more control. What condition shall we use? Let's have the loop run for a 
fixed count. This means that there will be two main parts to the pro¬ 
gram: First, the computer will ask the user how many coins to toss. 
Second, the computer will simulate the proper number of tosses. For 
each toss, the outcome (either HEADS or TAILS) will be written on the 
screen. 

Here is the main routine, written partly in English and partly in 
rs Za I ■ • ± J 

' PROGRAM COINS 

ask how many coins to toss 
toss coins and print outcome 

END 

Now look at each English phrase in the body of the main routine. If one 
or two BASIC statements will carry out the task, put them in the main 
routine K not, put m a GO SUB statement to a subroutine where the job 
will be done. Don't let yourself get bogged down in details. Think at as 
high a level as possible. 

nniMathlS ProSram' both main tasks are complicated enough to need 
UB statements. Once we have put them in, we have finished the 

mam routine. Here is how it should look: 

100 
110 

120 
130 

100 'PROGRAM COINS 

110 GOSUB 200 'HOW MANY 
120 GOSUB 400 'TOSS COINS 
130 END 
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Turn on your PCjr and enter the main routine. 
The next step is to write outlines of the subroutines that we will 

need. You can see from the main routine that one subroutine begins at 
line 200. Another begins at line 400. We'll begin with skeleton subrou¬ 
tines. These will contain simple debugging messages. Enter the changes 
shown below: 

100 'PROGRAM COINS 

110 GOSUB 200 'HOW MANY 

120 GOSUB 400 'TOSS COINS 

140 END 

190 ' 
200 'SUB HOW MANY 
210 PRINT "HOW MANY” 
380 RETURN 
390 ' 
400 'SUB TOSS COINS 
410 PRINT "TOSS COINS" 
580 RETURN 

Now you have a skeleton of the final program. Run the program. Make 
sure it prints the messages in the right order. 

Next, let's turn to the bodies of the two subroutines. The rule for 
writing subroutine bodies is the same as for the main routine. If you can 
do the job with one or two BASIC statements, do it. If not, use a GOSUB 

statement to another subroutine that will contain the detailed steps. 
Again, don't let yourself get bogged down in these details. 

The body of the first subroutine is easy to write. It should clear the 
screen. It should next ask the user how many coins to flip and then wait 
for input. Enter the following lines: 

210 CLS 
220 PRINT "TOSS HOW MANY COINS” 
230 INPUT N 
240 CLS 

Before starting the body of the second subroutine, let's think a bit 
about what is required. First, the subroutine is to simulate tossing a 
coin. This action will have to be repeated again and again. What kind of 
structure is needed to do this? Clearly, it is not a branch. A branch deals 
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with an either-or situation. A loop block is needed to do something 
(such as toss a coin) again and again. You used the variable N in line 
<1.30, so the coin is to be tossed N times. You will need a counting loop. 
The FOR/NEXT abbreviation for the loop is ideal. 

Now, what goes in the body of your loop? You must tell the com¬ 
puter to toss a coin and print the result. That may seem difficult, so let's 
put the details off. For now, we can use a GOSUB as the body of the 
loop. We can decide later how to tell the computer to toss a single coin. 

Change the body of subroutine TOSS COINS as shown below. 
Also, add the skeleton version of subroutine ONE TOSS. Run the pro¬ 
gram. Make sure your counting loop works correctly. 

400 'SUB TOSS COINS 

410 FOR COUNT = 1 TO N 
420 GOSUB 600 'ONE TOSS 
430 NEXT COUNT 
580 RETURN 
500 ' 
600 'SUB ONE TOSS 
610 PRINT "ONE TOSS" 
780 RETURN 

The only part of the program left to write is the body of subroutine 
ONE TOSS. Here is where the coin-toss simulation will be done. What 
kind of structure is needed? It is not something that is done again and 
again. Thus, a loop block won't work. It is an either-or situation. 

S00 ' SUB ONE TOSS 

610 IF condition THEN 620 ELSE 650 
620 ' THEN 

630 print "heads" message 
640 GOTO 670 
650 ' ELSE 

660 print "tails" message 
670 ' END IF 

780 RETURN 

The two "do somethings" in the branch block are easy to convert to 
BASIC. But what should we use for the condition? If the simulation is to 
be fair, we want the two messages to show up in random order. So we 
need to use the RND function. It returns a random number between zero 
and one. Let s assume that if the random number is greater than one- 
half, the toss is "heads." Otherwise, the toss is "tails." Then the condi- 
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tion we need is R N D > *5. Here is what the finished subroutine should 
look like: 

S00 ' SUB ONE TOSS 

G10 IF RND > .5 THEN 620 ELSE 650 
620 ' THEN 
630 PRINT "HEADS" 
640 GOTO 670 
650 ' ELSE 
660 PRINT "TAILS" 
670 ' END IF 
780 RETURN 

Enter the subroutine body shown above. In the immediate mode, 
enter the line GQSUB 600 a few times. You should see either HEADS or 
TAILS appear on the screen. Now your whole coin-toss simulation is 
complete. 

Run the program. Enter the number of tosses you want to see. Try it 
again. When you have seen enough, save the program under the name 
COINS on either cassette tape or diskette. (Note: You will need this 
program in Session 32.) If you have a printer, use the LLIST command 
to print a listing. 

1. What is the purpose of the RND function in the coin-tossing 
simulation? 

2. If you told the computer you wanted to toss a coin 1000 times, 
how many HEADS would you expect to get? Why? 

Nesting Program Blocks 
In both the loop and branch blocks, you have seen the phrase "do some¬ 
thing." These words mean that any block of BASIC statements can go in 
that place. You have learned that there are only three fundamental pro¬ 
gram blocks: the action block, the loop block, and the branch block. In 
other words, the phrase "do something" really stands for one or more of 
these blocks. 

Suppose the "do something" in a loop or a branch is another loop or 
branch block. In that case, the inner block is said to be nested inside the 
outer block. In this book, we have stressed using indentation in pro¬ 
grams. One reason is that indenting helps you see nested program 
blocks more easily. 
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Here is the subroutine beginning in line 400 in program COINS: 

400 'SUB TOSS COINS 
410 FOR COUNT = 1 TO N 
420 GOSUB S00 'ONE TOSS 
430 NEXT COUNT 
580 RETURN 

Notice that GOSUB 600 is nested inside the loop block beginning in line 
410. But if you look at the body of the subroutine beginning in line 
600, you see that it is a branch block. Thus, the branch block is really 
nested inside the loop block in subroutine TOSS COINS. 

There is another way to write subroutine TOSS COINS. Instead of 
using the GOSUB statement in line 420, you could have put the whole 
branch block there. Here is how that would look: 

400 'SUB TOSS COINS 

410 FOR COUNT = 1 TO N 

420 IF RND > .5 THEN 421 ELSE 424 
421 ' THEN 

422 PRINT "HEADS" 
423 GOTO 426 
424 ' ELSE 

425 PRINT "TAILS" 
426 ' END IF 
430 NEXT COUNT 
580 RETURN 

If you look at the subroutine this way, it is quite clear that the branch 
block is nested inside the loop block. If you scan up and down in the 
subroutine, you can see where the subroutine begins and ends. Further 
to the right, you can see the beginning and end of the loop block. Look¬ 
ing even further to the right, you can see where the branch block begins 
and ends. Finally, still further to the right, you see the PRINT state- 
ments. 

Notice that the P R I N T statements are the only action statements in 
the entire subroutine. All the other statements are there to control these 
two actions. The branch block tells the computer which action to per¬ 
form. The loop block tells the computer how many times to perform the 
branch block. 
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Which version of subroutine TOSS COINS is better? It is largely a 
matter of taste. Both versions work equally well. Ultimately, it boils 
down to which program is easier to read. Judged this way, the first 
version probably wins. Indentation helps you understand nested 
blocks. But when the nesting gets deep, indenting the inner blocks does 
not help as much as using separate subroutines for them. 

What can replace the "do somethings" in the outlines of the loop 
block and branch block? 
What is meant by a nested program block? 

A Series of "Heads" 
Programs that are easy to read are easy to change. Program COINS was 
written with careful attention to top-down planning. In addition, it used 
only action, loop, and branch blocks. Thus, it should be easy to change 
the program to do something else. 

Here is an experiment you can try yourself: See how many times you 
must flip a coin in order to get a series of, say, five "heads" in a row. 
Each time you get a "tail," you must start counting the series again. 

Let's change program COINS to simulate this experiment. First, the 
computer should ask how long the series of "heads" should be. Then it 
should simulate tossing coins, counting each toss, and quitting when 
the series of "heads" happens. After that, the computer should print the 
total number of tosses that were required to get the string of "heads." 

If program CO I NS is not in your computer, load it now. Let's exam¬ 
ine the main routine to see if any changes are needed. Here it is: 

100 'PROGRAM COINS 

110 GOSUB 200 'HOW MANY 

120 GOSUB 400 'TOSS COINS 

130 END 

Think about the problem. You should be able to see that some changes 
should be made. First, the name of the program is a little vague. Let's 
change it to SERIES. Second, there needs to be a new subroutine. It 
will report how many tries it took to get the desired series of "heads." 
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The main routine, with these changes, is shown below. Enter the 
changes into your program now. 

i 00 ' PROGRAM SERIES 
110 GOSUB 200 'HOW MANY 
120 GOSUB 400 'TOSS COINS 
125 GOSUB 800 'RESULTS 
130 END 

Now list the first subroutine. Only the PR I NT message needs to be 
changed in subroutine HOW MANY. Change line 220 as shown below: 

List the subroutine beginning at line 400. Subroutine TOSS CO I NS 
needs the most work. Here is the old version: 

400 'SUB TOSS COINS 

410 FOR COUNT = 1 TO N 
420 GOSUB G00 'ONE TOSS 
430 NEXT COUNT 
580 RETURN 

This is a counting loop: The body of the loop is performed exactly N 
times. For our new program, we cannot tell in advance how many times 
the computer should perform the loop. We know only that the loop 
should stop as soon as the series of “heads" is equal to N. For example, if 
N is 4, we might be lucky and get 4 "heads" in a row on the first 4 tosses 
More likely, it will take 10 or 20 tosses. 
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So the counting loop is the wrong one for this program. That means 
we cannot use the FOR/NEXT abbreviation for the new loop. Instead, 
we need to use the full form of the loop block. Here is an outline: 

400 'sub toss coins 
410 ' LOOP 
420 GOSUB G00 'ONE TOSS 
425 IF exit condition THEN 430 
429 GOTO 410 
430 ' END LOOP 
580 RETURN 

As before, this loop tells the computer to perform the GOSUB 600 
statement again and again. Now we must decide what the exit condition 
should be. That is easy. Suppose that HEADS is the name of a variable 
that tells how many "heads" have been tossed since the last "tails." The 
loop should stop when HEADS is equal to N, the number entered by the 
user. So the exit condition is HEADS = N. 

The new loop has one other job: It must tell the computer to count all 
the tosses. Let's use COUNT as the name of the variable that holds the 
count. Inside the loop, there must be a LET statement telling the com¬ 
puter to add 1 to this variable. 

Last, we must tell the computer what to use as the starting value for 
HEAD and COUNT. This process is called loop initialization. You must 
always remember to initialize outside a loop the variables that change inside the 
loop. Enter the new body statements in the subroutine, as shown below: 

400 •'SUB TOSS COINS 
402 LET HEADS = 0 
404 LET COUNT = 1 
410 ' LOOP 
420 GOSUB 600 'ONE TOSS 
425 IF HEADS = N THEN 430 

427 LET COUNT = COUNT + 1 
429 GOTO 410 
430 7 END LOOP 
580 RETURN 
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Next, let's look at subroutine ONE TOSS. Here is the old version 

S00 

G 1 0 

620 
630 
640 
650 
660 
670 
7B0 

'SUB ONE TOSS 
IF RND > ,5 THEN 620 ELSE 650 

' THEN 
PRINT "HEADS" 
GOTO 670 

' ELSE 
PRINT "TAILS" 

' END IF 
RETURN 
---) 

In the new versions, we want the computer to count "heads," not print 
HEADS So line 630 has to be changed to the proper LET statement 
What about the other PRINT statement in this block? What should 
the computer do if the toss is "tails"? The answer is simple: It should 
reset the heads" counter to zero. Make the changes shown below: 

600 'SUB ONE TOSS 
610 IF RND > .5 THEN B20 ELSE 650 
620 ' THEN 
630 LET HEADS = HEADS + 1 
640 GOTO 670 
G50 ' ELSE 
660 LET HEADS = 0 
670 ' END IF 
780 RETURN 

The last thing to do is to write a subroutine to print the results. The 
problem is to flip N heads in a row. When that is true, the total number 
of coins flipped is equal to the value of C 0 U N T. Enter this new subroutine: 

800 'SUB RESULTS 
810 PRINT "IT 
820 PRINT "TO 
830 PRINT "IN 
840 RETURN 

took”; count; -tosses” 
GET-; Ni “HEADS” 
A ROM” 
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That completes the changes you need. Here is the finished program: 

100 ' PROGRAM 
110 GOSUB 
120 GOSUB 
125 GOSUB 
130 END 
100 ' 

200 'SUB HOW MANY 
210 CLS 
220 PRINT "HOW MANY HEADS IN A ROW" 
230 INPUT N 
240 CLS 
380 RETURN 
390 ' 
400 'SUB TOSS COINS 
402 LET HEADS = 0 
404 LET COUNT = 1 
410 ' LOOP 
420 GOSUB S00 'ONE TOSS 
425 IF HEADS = N THEN 430 
427 LET COUNT = COUNT + 1 
429 GOTO 410 
430 ' END LOOP 
580 RETURN 
590 ' 
800 'SUB ONE TOSS 
B10 IF RND > 45 THEN 820 ELSE 850 
820 ' THEN 
830 LET HEADS = HEADS + 1 
840 GOTO 870 
850 ' ELSE 
880 LET HEADS = 0 
870 ' END IF 
780 RETURN 
790 ' 
800 'SUB RESULTS 
810 PRINT "IT TOOK"? COUNT 5 "TOSSES" 
820 PRINT "TO GET"5 N? "HEADS" 
830 PRINT "IN A ROW" 
840 RETURN 
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Run the program. Make sure it works like it's supposed to. Enter 4 for 
the number of "heads." Run the program again using 6. Try again with 
5. Use 5 again. Use 5 one more time. 

You have just discovered a problem with the random-number gener¬ 
ator: It always generates the same sequence of numbers after you enter 
the RUN command. There is a way to change the sequence, though. Add 
this statement to your main routine: 

105 RANDOMIZE 

Run the program. Reply to the first question by typing a number in the 
range shown in the message. Then use 5 again as the number of 
"heads." Run the program again, using a different number for the first 
question, and 5 again for the second one. You should get different 
results each time. 

The RANDOMIZE statement tells the computer to start the series of 
random numbers in a different way. The series you get is different for 
each different number you enter when asked to do so. Having to enter a 
number each time is a nuisance. You can avoid it by using this form of 
the statement: 

105 RANDOMIZE 128*INP<64> + INP(64) 

You should think of this as a bit of "black magic." It works, but it would 
take too much time to explain how it works. This statement allows you 
to get a different series of numbers from the RND function every time 
you run a program. You are not asked to enter a number. Change line 
105 as shown above. Run the program some more. You should get 
different results each time you ask for five heads in a row. Increase the 
number of heads little by little. See if you can guess how many extra 
tries it will take each time you ask for one more head. If you enter a 
number that is too big, use the (Break) function to stop the program. 

After you are finished, save the program in a file named SERIES 
on either cassette tape or on diskette. 

6. 

7. 

How would you change the exit condition in the loop in 
subroutine TOSS COINS to tell the computer to leave the loop 
when either the number of heads in a row is N or when the 
number of coins tossed is 1000? 

Suppose you made the change described in question 5. What kind 
of block would you need to write to find out why the computer 
left the loop? 

What is the purpose of the RANDOM 12E statement? 
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Change your main routine so that the last two GOSUB statements are 

inside a loop. Use the INKEY$ function to decide when to exit from 

the loop. 

Suppose you want program COINS not only to “toss coins" but also 

to count the total number of heads and the total number of tails. You 

then want the computer to print the two counts when the tossing 

loop is over. Make these changes. Use HEADTOTAL and TAILTOTAL 

for the new variables. Be careful to initialize each one outside the 
loop. 

Change your program so that the "coin" comes up heads 60 percent 

of the time and tails 40 percent of the time, on the average. 

In this session, you have used the 
branch block to simulate the toss of a 

coin. You also reviewed the loop block and the top-down method of 
programming. You saw how to nest one block of statements inside 
another block. The table below summarizes the important new ideas 
you have learned. Read the table carefully. Make sure you 
understand each topic thoroughly before going on to the next 
session. 

Topic 

Simulation 

Nesting 

Loop 
initialization 

RANDOMIZE 

Description 

A computer program that causes the computer to 

behave like some real event or activity. 

Putting one program block inside another block. 

Setting variables to their first values before they are 

changed by statements in the body of a loop. 

A BASIC statement used to vary the sequence of 

numbers returned by the RND function. 
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VARIATIONS 
ON BRANCHES 

SESSION 27 
Session Goals 

Make a three-way branch out of two two-way branches. 

Learn shortcuts for writing certain branches. 

Learn the standard case-block form. 
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A Three-Way Branch 
In Sessions 25 and 26, you learned how to write a branch block. If the 
computer must decide which of two "do somethings" to perform, the 
standard branch block is just what you need. But what if you need more 
than a two-way branch? What if there are three different choices? 

You may be thinking that you will need a totally new type of block 
for every different number of branches. Luckily, that is not so. The trick 
is to put one two-way branch block inside another one. Remember, the 
"do something" in a branch block can be any program block: It can be an 
action block, a loop, a branch, or any combination of these three. 

In this session, you will learn how to make a three-way branch out of 
two two-way branches. Your problem is to write a program that begins 
by asking the user to enter two words. The program must tell the com¬ 
puter to find which of three things is true: Are the two words the same? 
If not, is the first earlier in the dictionary than the second? Or is the first 
later in the dictionary than the second? 

It is always best to begin with a main routine written partly in 
English and partly in BASIC. The English phrases should describe the 
things to be done. Here is the top-level description of the main routine: 

100 ' PROGRAM WORDS 
110 input two words 
120 compare words and output results 
130 END 

It will take more than one or two BASIC statements to do the things 
described in both English phrases in the main routine. So the best plan is 
to substitute GOSUB statements and put the details into subroutines. 
The completed main routine and two skeleton subroutines are shown 
below. Turn on your PCjr and enter the program. Then run the pro¬ 

gram. Make sure the debugging messages are correct. 

100 'PROGRAM WORDS 
110 GOSUB 200 'GET WORDS 
120 GOSUB 400 'TEST WORDS 
130 END 
190 ' 
200 'SUB GET WORDS 
210 PRINT "GET WORDS" 
380 RETURN 
390 ' 
400 'SUB TEST WORDS 
410 PRINT "TEST WORDS” 
580 RETURN 
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Subroutine GET WORDS is easy. It tells the computer to print a 
prompting message and wait for two words to be typed. Enter the new 
body statements shown below: 

200 
210 
220 
230 
240 
380 

' SUB GET WORDS 
CLS 

PRINT "ENTER TWO WORDS" 
PRINT "SEPARATED BY A COMMA" 
INPUT A$ * B* 

RETURN 

___J 
Subroutine TEST WORDS is a good deal more complicated. Let's 

write this subroutine little by little. We'll start at the top, or outer, level 
of the subroutine. Let's have the computer decide first whether the two 
words that the user types are the same or not. The action block won't 
work here. Neither will the loop block. This is an either-or situation. It 
calls for a branch block. Here is an outline of subroutine TEST WORDS 
showing the branch block in place: 

400 'SUB TEST WORDS 

410 IF A$ = B$ THEN 420 ELSE 450 
420 ' THEN 

- print message saying words are same 

440 GOTO 570 
450 ' ELSE 

- decide which word is earlier 

570 ' END IF 
580 RETURN 

If A$ - B$, the words are the same. Thus, the computer will perform 
the first "do something." What type of program block is needed here? 
The loop or branch blocks won't do. An action block with a single 
PRINT statement is what we need. 

What about the second "do something"? That is a more complicated 
problem. Let s put it off. We 11 just substitute a debugging message for 
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now. Enter the new body statements for the subroutine, as shown 

below. Run the program. Enter two words that are the same. Then run 

the program again with two different words. Fix any errors you find. 

am 
410 
420 
430 
440 
450 
460 
570 
580 

' SUB TEST WORDS 

IF A* = BH THEN 420 ELSE 450 
' THEN 

PRINT "BOTH WORDS ARE "5 AH 
GOTO 570 

' ELSE 
PRINT 'WHICH WORD IS EARLIER?" 

' END IF 
RETURN 

Now let's deal with the second "do something." The English phrase 
"which word is earlier" is a clue to what kind of program block is 
needed. We need another branch block nested inside the outer branch 
block. This new branch block must enable the computer to decide which 
of the two words comes earlier in the dictionary. We will need to use the 
expression A$ > B$ as the condition in the new branch block. 

You could bury these details in another subroutine. But this time, 
let's see what happens if you write the second branch inside the first 
one. It will seem very complicated at first. Later, you will see how to 
make it simpler. Here is how the whole subroutine looks: 

400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
570 
580 

'SUB TEST WORDS 

IF A$ = B$ THEN 420 ELSE 450 

' THEN 

PRINT "BOTH WORDS ARE "5 A$ 

GOTO 570 

' ELSE 

IF A$ > B$ THEN 470 ELSE 500 
' THEN 

PRINT A$5 ■ IS LATER THAN ”5 B$ 
GOTO 520 

7 ELSE 
PRINT A$5 " IS EARLIER THAN "5 

7 END IF 
' END IF 

B$ 

RETURN 

Variations on Branches 305 



The new part is in lines 460-520. If you look only at those lines, you 
will see that they form a regular, two-way branch block. The condition is 
in line 460. The two "do somethings" are the PRINT statements in 
lines 480 and 510. Enter the new lines shown at the bottom of the 

previous page. Run the program several times. Test words that are the 

same and words that are different. If you choose the right words, you 
should see all three possible messages printed on the screen. 

The subroutine is beginning to look complicated. The indentation 
shows which blocks are nested inside what other blocks. But this time 
the indentation hides the fact that this is really a three-way branch. The 
program would be easier to read if the three PRINT statements were all 
indented the same amount. In addition, the two END IF remarks are 
repetitive. Here is a better way to write the three-way branch. 

400 ' BUB TEST WORDS 
410 IF A$ = 5$ THEN 420 ELSE 450 
420 ' THEN 

430 PRINT "BOTH WORDS ARE "5 A$ 
440 GOTO 570 
450 ' ELSE 

460 IF A$ > B$ THEN 470 ELSE 500 
470 ' THEN 

480 PRINT A$ 5 " IS LATER THAN " ? B$ 
490 GOTO 570 
500 ' ELSE 

510 PRINT A$ ? " IS EARLIER THAN "5 B$ 
570 ' END IF 
580 RETURN 

The main change here is that there are two fewer spaces of indenta¬ 
tion in the inner branch block. In addition, one of the END IF remarks 
(line 520) is gone. Also, the GOTO in line 400 now jumps to the other 
END IF remark in line 570. Use screen editing to make these changes 

in the subroutine. Run the program. Check for errors. Your whole pro¬ 
gram should now look like the one at the top of the next page. 
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100 ' PROGRAM WORDS 

110 GOSUB 200 'GET WORDS 

120 GOSUB 400 'TEST WORDS 

130 END 

190 / 

200 'SUB GET WORDS 

210 CLS 

220 PRINT "ENTER TWO WORDS" 

230 PRINT "SEPARATED BY A COMMA" 

240 INPUT A$ t B$ 

380 RETURN 

390 / 

400 'SUB TEST WORDS 

410 IF A$ = B$ THEN 420 ELSE 450 

420 THEN 

430 PRINT "BOTH WORDS ARE " ; a$ 

440 GOTO 570 

450 ' ELSE 

4G0 IF A$ > B$ THEN 470 ELSE 500 

470 ' THEN 

480 PRINT A$ 5 " IS LATER THAN " 

490 GOTO 570 

500 ' ELSE 

510 PRINT A$5 " IS EARLIER THAN 

570 ' END IF 

580 RETURN 

Run the program several times with different pairs of words. Be 

sure the program works correctly. When you are through, save the pro¬ 

gram under the name MORDS on either cassette tape or diskette. You 
will need to use this program again later in this session. 

Is the three-way branch you just wrote a new kind of block? Or is 
it built from other kinds of blocks? 
In the last version of the three-way branch above, how does the 
indentation make the meaning clearer than in the original version? 
In the three-way branch above, under what condition will line 
430 be performed? Line 480? Line 510? 
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Branch-Block Abbreviations 
You can solve any programming problem by using only three structures: 
the action block, the loop block, and the branch block. However, some¬ 
times the same block can be written in more than one way. For example, 
you learned the FOR/NEXT abbreviation for the counting loops. The 
FOR/NEXT abbreviation is not necessary, merely convenient. Anything 
that you can do with FOR and NEXT statements you can do with the 
standard loop block. (The reverse is not true!) 

In this session, you will learn some shortcuts for writing branch 
blocks. Let's begin with a very common situation: the empty branch. 
You want to tell the computer to do something or else to do nothing. These 
English sentences show how often people give this kind of instruction: 

If it is raining, take your umbrella. 
If you have the money, go to a movie. 
If you have the BASIC cartridge, plug it in. 

Here is how to write the first sentence above as a BASIC branch 
block: 

- IF it is raining THEN_ELSE 
-' THEN 4— / 

- take your umbrella 

- GOTO _ 
-' ELSE 4—-L 

-— do nothing special 

-'END IF «—. < 

The first half of the branch outline above is useful. But the second half 
looks a little silly: If there is nothing to be done, why say anything at alP 
Here is the solution to this problem: 

- IF it is raining THEN_ELSE 
-' THEN 4-—" * 

- take your umbrella 

-'END TT < 1 

This version is not just easier to write: It is also easier to read and under¬ 
stand. The rule is this: When there is a "do nothing" branch, leave it out. In 
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the IF statement, make sure the number after ELSE is the same as the line 
number of the END IF remark. 

Sometimes, branches like this can be written in an even simpler way. 
Suppose the "do something" is just a single statement, such as this: 

r 

v 

200 IF X > 319 THEN 210 ELSE 230 
210 ' THEN 
220 LET X = 319 
230 ' END IF 

A 

J 
This branch tells the computer to keep X from getting bigger than 319. 
Such a branch would be useful in a graphics program. There you would 
want to make sure that the things being drawn on the screen are inside 
the boundaries of the screen. This branch would keep X from getting too 
big. Here is a simpler way to write this useful branch: 

200 IF X > 319 THEN LET X = 319 

You are allowed to put any BASIC statement after T H E N in the IF state¬ 
ment. The statement will then be performed if the condition in the I F 
statement is true. Otherwise, the computer will skip the statement. 

There is a tricky way to put more than one statement after THEN, but 
we don't recommend this practice. If you put a lot of statements after 
THEN, your programs will become hard to read. Sometimes, they will 
do unexpected things. Instead, when the "do something" takes more 
than one statement, use the longer form of the branch block. 

4. Rewrite this sentence in the long form of the BASIC branch-block 
outline: "If you have a diskette drive, read Session 6." 

5. Rewrite the sentence in question 4 in the one-line form of the 
BASIC branch block. 

Making a Case Block 
In this section, you will learn how to use the one-line form of the branch 
block to build a case block. This is not a new type of block. It is just a 
shorthand way of writing a series of branch blocks, one right after the 
other. There is nothing you can do with the case block that you can't do 
with the longer forms of the branches. 

The case block is useful when you want the computer to do only one 
of many possible things. Your program will be easy to read if all the 
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possibilities appear close together in the program listing. The case-block 
outline below shows a good way to do that: 

' CASE 
IF condition 1 
IF condition 2 
IF condition 3 
IF condition 4 
IF condition 5 

etc. 

'END CASE 

THEN statement 1 
THEN statement 2 
THEN statement 3 
THEN statement 4 
THEN statement 5 

What happens when the computer performs a case block? If condition 1 
is true, then statement 1 is performed. Whether or not condition 1 is true, 
the computer goes on to the second I F statement. If condition 2 is true, 
then statement 2 is performed. Then the computer goes to the third IF 
statement, and so on. The computer performs every IF statement in the 
case block. The CASE and END CASE remarks tell the reader where the 
block begins and ends. 

How is the case block used? Normally, you want the computer to do 
only one of the cases in the block. That is the whole idea of a case block. 
To make that happen, you must be very careful about the conditions you 
put in the IF statements. There must be no overlap between two conditions in 
a case block. Let's see what "overlap" means. 

Suppose the first IF statement in a case block has the condition 
N = 5, and the second IF statement has the condition N >2. These 
conditions are said to overlap because both can be true at the same time. 
If N has the value 5, then the computer will decide that both conditions 
are true. So the computer will perform both the first case and the second 
case in the block. That is not how a case block is supposed to work. 

It is up to you to make sure that no two of the conditions in a case block 
overlap. Usually, this is easy to do. Most case blocks use the value of one 
variable to decide which case to do. Such blocks usually have this form: 

'CASE 
IF N 
IF N 
IF N 
IF N 
IF N 

= constant 1 
= constant 2 
= constant 3 
= constant 4 
= constant 5 

statement 1 
statement 2 
statement 3 
statement 4 
statement 5 

THEN 
THEN 
THEN 
THEN 
THEN 

etc. 

- 'END CASE 
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In the example on the previous page, N is the name of the variable. Each 
condition tests whether N is equal to a constant, such as 5 or 3 7. If all the 
constants are different, then none of the conditions will overlap: The 
computer will perform only one of the cases in the case block. 

Thus, it is usually easy to write case blocks in which the conditions 
don't overlap. Remember, though, that the computer will test every 
condition in the block. If two conditions do overlap, both cases will be 
done. 

-1 

? 
a 

V.r. 

Using a Case Block 
Let's look at a familiar branch and see whether it can be rewritten as 

a case block. Earlier in this session, you wrote a three-way branch. It told 
the computer to decide these three things: Are two words the same? If 
not, is the first earlier in the dictionary than the second? Is the first later 
than the second? Here is the subroutine you wrote: 

6. Which I F statements in a case block does the computer perform? 
7. Why must no two of the conditions in a case block overlap? 

400 'SUB TEST WORDS 
410 IF A$ = B$ THEN 420 ELSE 450 
420 ' THEN 
430 PRINT "BOTH WORDS ARE " 5 A$ 
440 GOTO 570 
450 ' ELSE 
4S0 IF A$ > B$ THEN 470 ELSE 500 
470 ' THEN 
480 PRINT A$ 5 " IS LATER THAN "? 
480 GOTO 570 
500 ' ELSE 
510 PRINT A$ 5 " IS EARLIER THAN 

570 ' END IF 
580 RETURN 

B$ 

" 5 B$ 

Reading from the top, you can see that the first PRINT statement is 
performed if A $ = B $. If that condition is not true, the computer goes to 
line 450. The next statement is the start of a two-way branch. You can 
see that if A$ > B$, the computer performs the second PRINT state¬ 
ment. Otherwise, the computer goes to line 500 and performs the third 
PRINT statement. 
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Let's think for a minute about that third PRINT statement. If the 
computer performs it, what can you say about A$ and B$? First, they 
cannot be equal. (If they were, only the first PRINT statement would 
have been performed.) Nor can A$ > B$ be true. (If it were, only the 
second PRINT statement would have been performed.) There is only 
one possibility left: A$ < B$ must be true. 

The three conditions are A$ = B$, A$ > B$, and A$ < B$. Do they 
overlap? No, there is no way that any two of them can be true at the 
same time. Each one is a different case. 

That means you can write this whole branch block in the form of a 
case block. Here is what it looks like: 

400 'SUB TEST WORDS 
405 ' CASE 

410 IF A$ = B$ THEN PRINT "BOTH WORDS ARE “5 A$ 
460 IF A$ > B$ THEN PRINT A$5 " IS LATER THAN "5 B$ 
500 IF A$ < B$ THEN PRINT A$5 ■ IS EARLIER THAN "5 B$ 
570 ' END CASE 
580 RETURN 

If program WORDS is not in your PCjr now, load it into memory at this 

point. Then change the body of subroutine TEST WORDS as shown 

above. The long lines will fold over to the next line of the screen as you 
type them. Be sure to press (Enter *-Q after you type or edit each line. 

Then, run the program. Experiment with different pairs of words. 
You should get exactly the same results this time that you did before. 

If both versions do the same job, which form is the best one to use? 
There is no simple answer. The case block is usually much easier to read 
than the nested branch block. In the case block, however, you must be 
sure that no two of the conditions overlap. Remember, the computer 
performs all the I F statements in the block. Your nested branch block is 
different: If the first condition is true, the next I F is skipped completely. 

If you decide to use a case block, you may have another problem: 
You may want the computer to do more than one statement if a case is 
true. If so, your best solution is to use a GOSUB statement, such as in the 
following line: 

850 IF P = 7 THEN GOSUB 1100 'CASE 7 

You then put the actual statements for the case in the body of the sub¬ 
routine. 

There is one last shortcut that you may want to use when writing 
certain branches. It uses a new statement called the ON statement. Here 
is an example: 

320 ON J GOSUB 400t S00, 800t 1000 
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The numbers after GOSUB are the line numbers of subroutines. 
There can be from 1 to 16 numbers after GOSUB. The example above 
means exactly the same thing as the following set of IF statements: 

320 IF J = 1 THEN GOSUB 400 
321 IF J THEN GOSUB 600 
n^9 
w iL IF J = 3 THEN GOSUB 800 
323 IF J = a THEN GOSUB 1000 

The only time you can use an ON statement is when the cases are 
defined by a variable that can take on the values 1, 2, 3, and so on. This 
fact puts tight limits on the use of the ON statement. (There is another 
form of the 0 N statement in which G 0 S U B is replaced by G 0 T 0. It too is 
exactly equivalent to a series of IF statements. The ON/GOTO statement 
tells the computer to jump to one of the lines in the list after GOTO, 
depending on the value of the variable.) 

Is the case block a new kind of block, or is it a shortened form of 
other blocks? 
What is the main advantage of using the case-block form? 
What is the main disadvantage of using the case-block form? 
What limits the use of the ON/GOSUB abbreviation for the case 
block? 
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This session began by showing you how 
to nest one branch block inside another. 

You used this method to create a three-way branch. You then 
learned how to write a branch in which one of the "do somethings" 
was actually an instruction to do nothing. Finally, you learned a 
simple way to write a case block. The table below summarizes these 
important ideas. Be sure you understand them fully before you go 
on to the next session. 

Topic 

Empty branch 

Case block 

IF condition THEN statement 

ON variable GO SUB list 

Description 

A branch block in which one of the "do 

somethings" is the instruction to do 
nothing. 

A list of actions, only one of which is to 
be performed. 

A short way to write an empty branch 

block. The statement is performed only 
if the condition is true. 

A BASIC statement that tells the 

computer to perform one of a list of 

subroutines. The numbers in the list 

after GOSUB are the line numbers of the 

first statements in the subroutines. The 
value of the variable tells which 

subroutine to perform. 
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SESSION 28 
Session Goals 

• Use the case block for a word-processing application. 

• Use the case block for a music application. 

• Use the case block for a graphics application. 
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An Application of the Case Block 
In the last session, you learned some shortcuts for writing certain branch 
blocks. You do not need to take the shortcuts, of course. As we have said 
many times, all branching problems can be solved by using only the 
two-way branch. You can handle three-way and four-way branches, for 
example, by nesting one branch inside another. 

A very useful shortcut is the case block, which you just learned 
about. It tells the computer to do only one out of several possible ac¬ 
tions. Now it is time to put the case block to work. In this session, you 
will write three programs: The first is a word-processing program. The 
second is a music program. The third is a graphics program. 

Your first problem is this: The user of the program will type words, 
sentences, or paragraphs on the keyboard. The program should tell the 
computer to count how many times each of the five vowels (a, e, i, o, 
and u) occurs. (Word-processing programs, which help you with writing 
jobs, use case blocks similar to the one you will write.) 

WeTl need a separate counter for each vowel. The counters will all 
have to be set to 0 at the start. Then we'll need a loop to check the 
keyboard again and again. Inside the loop, we'll use the case block to 
add 1 to a counter if the key was a vowel key. WeTl need to pick one key 
for the exit condition from the loop. Finally, we'll need to have the 
computer print the results. 

As always, let's begin with a top-level description of the program: 

100 ' PROGRAM VOWELS 
110 initialize all variables to zero 
120 process keys pressed by the user 
130 output the totals 
140 END 

The three necessary parts of the main routine are described by the Eng¬ 
lish phrases. Each of these parts will probably need more than one or 
two BASIC statements. Thus, we should use GO SUB statements. The 
finished main routine and skeleton subroutines are shown at the top of 
the next page. Start the computer as usual. Enter the program into your 
PC/>. Run it and fix any errors. 
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100 'PROGRAM VOWELS 
110 GOSUB 200 'INITIALIZE 
120 GOSUB 400 'PROCESS KEYS 
130 GOSUB 600 'OUTPUT TOTALS 
140 END 
190 ' 
200 'SUB INITIALIZE 
210 PRINT "INITIALIZE" 
380 RETURN 
390 ' 
400 'SUB PROCESS KEYS 
410 PRINT "PROCESS KEYS" 
580 RETURN 
590 ' 
600 'SUB OUTPUT TOTALS 
610 PRINT "OUTPUT TOTALS" 
680 RETURN 

Next, consider subroutine INITIALIZE. There must be a variable 
to keep a count of each of the vowels as they are entered from the 
keyboard. Let's use the name CA to stand for the "counter for a's," CE 
for the e's, and so forth. In subroutine INITIALIZE, each of these 
variables must be set equal to 0. Here is the subroutine: 

Enter the changes shown above into your computer. Be sure to use the 
letter 0 when you type the name CO. Enter GOSUB 200 in the immedi¬ 
ate mode. Check for any syntax errors. 

Subroutine PROCESS KEYS is next. Let's think carefully about what 
is needed. The computer must check the keyboard again and again as 
the user types. If a vowel key is pressed, 1 must be added to the proper 
counter. If the exit key is pressed, the subroutine should return control 
back to the main routine. What is needed is a loop block. The outline is 
at the top of the next page. 

Branch-Block Applications 317 



400 'SUB PROCESS KEYS 
410 ' LOOP 

420 check the keyboard 
430 IF exit key THEN 570 

- if a vowel key, add 1 to a counter 

5S0 GOTO 410 
570 ' END LOOP 
580 RETURN 

You want the computer to "check the keyboard" without having the 
user press the [Enter key after each letter. That means you will have to 
use the I NKEY$ function. Next, let's decide on the "exit key." The user 
will be typing words and sentences, so the (jT) key is a poor choice here. 
Let s use the C$3 key this time. Here is the subroutine with these parts 
converted to BASIC: 

400 'SUB PROCESS KEYS 
410 ' LOOP 

420 LET KY$ = INKEY$ 
430 IF KY$ = THEN 570 

- if a vowel key, add 1 to a counter 

560 GOTO 410 
570 ' END LOOP 
580 RETURN 

Now let's think about the phrase that remains: "If a vowel key, add 1 
to a counter." What does that mean? 

You know what it means, but the idea is complex. You have to break 
it into smaller pieces to convert it into BASIC. The main idea falls into 
five pieces. If the letter is 'a,' add 1 to the counter for a's; if the letter is 
e, add 1 to the counter for e's; and so forth." In other words, there are 

five separate cases. You need a BASIC case block. The complete subrou¬ 
tine is at the top of the next page. 
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am 'sub process keys 
410 ' LOOP 
420 LET KY$ = INKEY$ 
430 IF KY$ = THEN 570 
440 ' CASE 
450 IF KY$ = “A" THEN LET CA = CA 
460 IF KY$ = ii gr H THEN LET CE = CE 
470 IF KY$ = li | ii THEN LET Cl = Cl 
480 IF KY$ = 0 THEN LET CO = CO 
490 IF KY$ = "IT THEN LET CU = CU 
500 ' END i CASE 
560 GOTO 410 
570 ' END LOOP 
580 RETURN 

+ 

+ 

+ 

+ 

+ 

1 
1 
1 
1 
1 

Enter the new body of this subroutine. The long lines will fold 
over to the next line on the screen as you type them. Run the program 
and test the loop exit. Run the program again and press each of the 
vowel keys once. Then press the C$3key and use the immediate mode 
statement PRINT CA * CE 5 Cl 5 CO 5 CU. You should see five Is on the 
screen. 

The program would be better if the computer printed the symbol for 
each key as the user pressed the key. That sounds easy: Just put the 
following line into the loop: 

435 PRINT KY* 

Now run the program. Type a few keys. Whoops! That is not what we 
wanted. Remember, the INK E Y$ function does not tell the computer to 
wait for input. Press the (3D key. Here is what happened: Each time 
around the loop, the computer printed a line. Most of the time, the value 
of KY$ was the empty string, so you saw many blank lines. 

The program would be nicer if it printed K Y $ every time but did not 
print a new line each time. There is a simple way to tell the computer not 
to start a new line after printing something: Just put a semicolon (5) at 
the end of the PRINT statement. Use cursor editing to put a semicolon 
at the end of line 435, as shown below: 

435 PRINT KY$ 5 

Since K Y $ equals the empty string most of the time, this statement tells 
the computer to print nothing on the screen. The semicolon tells the 
computer not to start a new line. When the user presses a symbol key, 
the computer will print the symbol. However, it will not start a new line 
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after printing the symbol. Run the program again. Type a word. Then 
enter the C$3 key. You should see the letters you typed this time. 

Finally, we must complete subroutine OUTPUT TOTALS. That is 
easy. Enter the changes shown in the subroutine below: 

600 'SUB OUTPUT TOTALS 
610 PRINT 
620 PRINT "THERE WERE" ; ca; "A'S 
630 PRINT "THERE WERE" ; ce; "E 'S 
640 PRINT "THERE WERE" ; ci ; ** i *s 
650 PRINT "THERE WERE”; co; "0 'S 
660 PRINT "THERE WERE"; cu; "U'S 
680 RETURN 

Enter the statement G0SUB 600 in the immediate mode. Fix any 
errors. You should see a five-line message saying that there were zero 
vowels. Now run the whole program. Enter a word. Press the ©key 
to exit. You should see a correct count of the vowels in your word. Run 
the program again. Type a long sentence this time. Press ©again. You 
should see the correct number of vowels. Now list the complete pro¬ 
gram. If you have a printer, use the LLIST command to print the 
program. It should look like the one on the next page. 
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450 IF i: "A" THEN LET CA = CA + i 

460 IF KY$ = " E" THEN LET CE = CE + i 

470 IF II H J !! THEN LET Cl 

•—
i 

CJ 

ii + i 

480 IF li "0" THEN LET CO = CO + i 

480 IF KY$ = "U" THEN LET CU = CU + i 

500 ' END CASE 

5S0 GOTO 4 10 

570 ' END LOOP 

580 RETURN 

590 7 

600 'SUB OUTPUT TOTALS 

610 PRINT 

620 PRINT "THERE WERE" 5 CA 5 "A 'S 

630 PRINT "THERE WERE" ? CE? "E'S 

640 PRINT "THERE WERE" 5 Cl 5 "I 'S 

650 PRINT "THERE WERE" 5 CO? "0'S 

660 PRINT "THERE WERE" 5 CU? "U'S 

680 RETURN 

When you are finished, save the program under the name VOWELS 
on either cassette tape or diskette. 
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1. In program MONELS, what does subroutine PROCESS KEYS tell 
*» computer to do if the user enters a letter that is not a vowel? 

2. In program MONELS, will the computer print a $ if the user 
presses the f~$~) key? Why, or why not? 

A Music Example 
You can use the case block to tell the computer to treat the keyboard as 
a set of piano keys. You can tell the computer to play the notes of the 
piano depending on what key is pressed. 

You will be using your TOOLKIT subroutines to play the musical 
notes. You may remember that we added two variables, HOLD and 
DURATI ON, to control these subroutines. (Such variables are called pa¬ 
rameters.) The program will have to assign values to these parameters 
before the subroutines are used. Here is a top-level description of the 
program: 

100 ' PROGRAM PIANO 
110 set graphics mode 
120 assign values to sound parameters 
130 check keyboard and play notes 
140 set text mode 
150 END 

Your TOOLKIT file already has subroutines for setting graphics and 
text modes. You will need to write only two new subroutines. Let's start 
with skeleton subroutines. Load your TOOLK IT subroutines from cas¬ 
sette or diskette. Then enter the main routine and skeleton subroutines 
below: 

100 'PROGRAM PIANO 
110 GOSUB 2100 'GRAPHICS 
120 GOSUB 200 'SOUND PARAMETERS 
130 GOSUB 400 'PROCESS KEYS 
140 GOSUB 2000 'TEXT 
150 END 
130 / 

200 'SUB SOUND PARAMETERS 
210 PRINT "SOUND PARAMETERS" 
380 RETURN 
390 / 

400 'SUB PROCESS KEYS 
410 PRINT "PROCESS KEYS" 
580 RETURN 
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Run the program. Fix any syntax errors. The debugging statements 

were not very useful, since line 140 switched back to text mode and 

cleared the screen. The main point now is to check for syntax and other 

errors. 

Subroutine SOUND PARAMETERS is easy. You must tell the com¬ 

puter what values to use for DURATION and HOLD. DURATION tells 

the note subroutines how many clock ticks the note should last. HOLD 

tells what fraction of that time to sound the note. The rest of the time 

there will be silence. Let's begin with Z for DURATION and *9 for 

HOLD. Enter the subroutine body shown below: 

'SUB SOUND PARAMETERS 

LET DURATION = 2 
LET HOLD = .9 

RETURN 

Enter GOSUB 200 in the immediate mode. Fix any errors. 

The main task of this program is in the next subroutine. It must tell 

the computer to check the keyboard again and again. Thus, the main 

structure we need is a loop. In fact, it is just like the loop you wrote in 

program MONELS. Here is an outline: 

400 'SUB PROCESS KEYS 

410 ' LOOP 

420 LET KY$ = I N K E Y $ 

430 IF KY$ = THEN 570 

___ if a note key, sound the note 

560 GOTO 410 

570 ' END LOOP 

580 RETURN 

The only difference in this loop is what goes on inside. This time, the 

computer must decide which key has been pressed and what sound to 

make for it. So we will need some kind of branch. 

As before, we can use the case block. Suppose we pick one row of 

keys on the computer keyboard to stand for the white keys in one octave 

of the piano keyboard. Let's use the second row of symbol keys: ®, 

(ID, fU], m (Gil (TO, (~J~1 and ®. Then it is easy to see how to write 

the case block. You can see it in lines 440 through 530 at the top of the 

next page. 
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am 'sub process 

410 ' LOOP 
420 LET KY$ 
430 IF KY$ = 
440 ' CASE 

KEYS 

= INKEY$ 
"$■ THEN 570 

450 IF KY$ - "A” THEN GOSUB 1000 'DO 
460 IF KY$ = II £11 THEN GOSUB 1100 'RE 
470 IF KY$ - 

HQ.. THEN GOSUB 1200 'MI 
480 IF KY$ = II p II THEN GOSUB 1300 'FA 
490 IF KY$ - 

I.Q.. THEN GOSUB 1400 'SOL 

500 IF KY$ - “H" THEN GOSUB 1500 'LA 
510 IF KY$ - 

■I jii THEN GOSUB 1600 'TI 
520 IF KY$ - ■KH THEN GOSUB 1700 'DO 
530 7 END i CASE 
560 GOTO 410 

END LOOP 
RETURN 

Enter the new body of this subroutine. After you type line 450, you 
can use cursor editing to make line 4B0. Repeat the process for the 
other cases in the case block. The long lines will fold over to the next 

line on the screen as you type them. To avoid this, you may wish to 

leave off the trailing remarks. Run the program and test the loop exit. 
Run the program again and press each of the note keys once. You 

should hear each note of the scale. You should see the screen back¬ 

ground turn to different colors. You should see the name of the note 

printed on the screen. When you want to stop, press the C$3 key. 
When you finish working with this program, save it on diskette or 

cassette in a file named PIANO. If you have a printer, use the LLIST 
command to print a listing. It should look like this: 

'PROGRAM 

GOSUB 

GOSUB 

GOSUB 

GOSUB 

END 

PIANO 

2100 

200 

400 

2000 

'GRAPHICS 

'SOUND PARAMETERS 

'PROCESS KEYS 

'TEXT 

'SUB SOUND PARAMETERS 

LET DURATION = 2 

LET HOLD = ♦9 

RETURN 
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V 

400 ' SUB PROCESS 

410 ' LOOP 

420 LET KY$ 

430 IF KY $ = 

440 ' CASE 

450 IF KY$ 
4G0 IF KY$ 

470 IF KY$ 
480 IF KY$ 

490 IF KY$ 

500 IF KY$ 

510 IF KY$ 

520 IF KY$ 
530 ' END CASE 

580 GOTO 410 

570 7 END LOOP 

580 RETURN 

KEYS 

INKEY$ 

$" THEN 570 

= "A" THEN GOSUB 

= " S" THEN GOSUB 
= " o" THEN GOSUB 
_ ii p ii THEN GOSUB 

= " G" THEN GOSUB 

= "H" THEN GOSUB 
_ .. j THEN GOSUB 

= "K" THEN GOSUB 

3. What is the purpose of subroutine INITIALIZE in program 

VOWELS? 

4. If you wanted to add more white notes to the "piano," what 

would you have to do to program PIANO? 

A Graphics Sketcher 
Program PIANO and program VOWELS are very similar. They both use 

slightly different versions of a subroutine named PROCESS KEYS. The 

body of the subroutine is a loop. Inside the loop, the computer checks 

the keyboard and may do one of a list of possible cases. The cases are 

contained in a case block inside the loop. 

This subroutine can be used for many other applications. For exam¬ 

ple, you can use it in a program that allows the user to draw pictures on 

the screen by pressing keys. To write such a program, all you have to do 

is make the changes shown on the next page to your PIANO program. 

The main changes are in the PROCESS KEYS subroutine. 
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100 
110 
120 
130 
1 40 
150 
190 
200 
210 
220 
380 
390 
400 
410 
420 
430 
440 

' PROGRAM SKETCH 
GOSUB 2100 
GOSUB 200 
GOSUB 400 
GOSUB 2000 

END 
/ 

SUB INITIALIZE 
LET X = 160 
LET Y = 100 

RETURN 

'GRAPHICS 
'INITIALIZE 
'PROCESS 
'TEXT 

KEY: 

'SUB PROCESS 
' LOOP 

LET KY$ 
IF KY$ = 

' CASE 

KEYS 

= I N K E Y $ 
THEN 570 

450 IF KY* = "K" THEN LET X = X+1 
4G0 IF KY$ _ » j.. THEN LET X = X-1 
470 IF KY$ = "H" THEN LET Y = Y+1 
480 IF KY$ _ n j H THEN LET Y = Y- 1 
530 ' END CASE 
540 PSET (X t Y) 
580 GOTO 410 

END LOOP 
RETURN 

J 

Here is how this works: If the user presses the QT) key, the computer 
adds 1 to X. If the user presses the (Ip key, the computer subtracts 1 
from X. The fM~] and PP) keys work similarly, but they change the value 
of Y. Notice line 540. It tells the computer to draw a dot at location 
(X t Y ). The result is that the user can place dots on the screen by 
pressing keys on the keyboard. 

If your PIANO program is not in the computer now, load it from 
cassette or diskette. Make the changes shown above. Run it and experi¬ 
ment with the CD, GD, ®, and ® keys. Use the ® key to exit from 
the loop. When you have finished, save the program in a file with the 
name SKETCH. 
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In program SKETCH, add more IF statements to the case block. The 

statements should test whether one of the number keys on the top 

row has been pressed. If so, the corresponding COLOR statement 

should be performed. For example, one of the statements should be 

this: 

510 IF KY* = H3M THEN COLOR 3 

Run the program. Use the number keys to change the background 

color. 

The PSET statement allows you to draw points in other colors 

besides white. In program SKETCH, change line 540 to this: 

540 PSET (X t Y) t C 

The value of C, which must be between 0 and 3, tells the computer 

which color to use. Add four new IF statements to the case block. 

They should test for the (JET), f~C~], fM"), and fw~) keys. If the f~B~l key 

is pressed, C should be set equal to 0, the background color. If the 

fcl key is pressed, C should be 1, the number for cyan. If the fMp 
key is pressed, C should be 2, the number for magenta. If the fw] 
key is pressed, C should be 3, the number for white. Run the 

program. Press one of the above keys to pick a color. Then place the 

dots on the screen as usual. 

In this session, you have used the case 
block in three different programs. In 

each one, the computer checked the keyboard again and again. 
When the key pressed by the user matched one of the conditions in 
the case block, the computer performed one of the actions in the 
block: counting vowels in the first program, playing music in the 
second one, and drawing pictures in the third. 
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n Part Five; you learned about the BASIC branch block. You 
used it to tell the computer to choose between two things and 
do only one of them. You also learned how to solve complex 

branch problems by nesting one branch inside another. Finally, you 
learned a few shortcuts for writing certain branches. The case block 
is the most useful of these. 

You have now learned all the kinds of blocks you will need to 
solve any programming problem. Using only actions, loops, and 
branches, you can handle every situation that comes up. If you are 
stumped while writing a program, ask yourself this question: "Do I 
want the computer to do one thing after another, or do I want it to 
repeat something again and again, or do I want it to choose between 
two or more things and do just one of them?" Once you know the 
answer to that question, you will know which kind of block you 
should write. 

Part Six, the last part of this book, returns to the topic of 
variables. You first learned about variables in Part Three. Using the 
tools you learned there, you can write a program that tells the 
computer to do this job: Ask the user to enter 3 words, one after the 
other; then print the words in reverse order. But could you write a 
similar program for 100 words? You could, but it would be very long. 
It would have 100 variables, many input statements, and many 
output statements. What if the same program had to work for 2 
words, 100 words, or any number between them? That would be a 
hard program to write with the tools you now have. 

The tool you need to work with lists of words or numbers is 
called an "array." In most ways, an array is like the variables you 
learned about in Part Three. In Part Six, you will learn the one 
important way that arrays differ from ordinary variables. You will 
also see how to use this difference to make your programs easier to 

write. 
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EXPLORING 

SESSION 29 
Session Goals 

• Explore array variables. 

• Use a variable as an item number. 

• Dimension arrays. 
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Review 
In Part Three, you learned about both string and numeric variables. So 

far, the name of a variable has always stood for a single piece of data. 

However, some problems are hard to handle with this kind of variable. 

Sometimes, a lot of information should be grouped under a single name. 

Examples of this kind of data would be a list of students in a class, a list 

of words to be alphabetized, and a list of passengers on an airline flight. 

All computer languages have ways to let you use a single variable 

name to stand for a whole list of data. In BASIC, variables of this kind 

are called array variables, or simply arrays. YouTl learn about arrays and 

lists in this session. 

String Lists 
The best way to begin learning about lists is in the immediate mode. 

NEW 

LET Wl$ = "RED" 
LET W2$ = "WHITE” 
LET W3* = "BLUE" 

PRINT W3$ f W2*t HI* 

PRINT W2* + Wl$ 

Now for something new: 

NEW 
CLS 

LET W$< 1 ) "RED" 
LET W*(2) — "WHITE" 
LET W*(3> — "BLUE" 

Erase the memory. 

This gives values to Wi$, W2$, 

and W3$. 

You should have known in 

advance what was going to 

happen, and why. 

As expected, this joins WHITE 

and RED. 

Now you have a clear screen. The 

computer has forgotten about the 

variables Wl$, W2$, and W3$. 

This is a new way to name 

variables. The computer didn't 

complain, so it must know what 

you mean. 
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PRINT W*<3)* W$(2)t W$(l) 
PRINT W*<2) + W*<1) 

You got the same results as 
before. 

You've now learned a new way to name variables. You have seen that 
the names ( 2 ) and N2$ can both be used for a string variable. So far, 
the two kinds of names have worked the same way. Now let's see how 
they differ. 

LET J = 1 
PRINT W$(J) 

LET J = 2 
PRINT W*(J> 

J is a variable. It stands for the 
number of an item in a list. The 
value of J tells the computer 
which of the three words in the 
list to print. 

These two statements tell the 
computer which item to print. 

PRINT J 
J is still 2. 

PRINT W*(J + 1)# W$(J - 1)t W$(J) 
Now, the computer must do some 
arithmetic to find the item 
numbers. 

LET J = a 
PRINT I4*(J) 

This time, you got a blank line. 
You did not tell the computer 
what W$ ( 4 ) stood for. 

Let's take another look at what you have seen. N 1 $ and W2$ are the 
names of ordinary variables. An ordinary variable stands for one piece 
of data. But W$ followed by parentheses is the name of an array variable. 
It can stand for a whole list of data. The number inside the parentheses 
identifies one item in the list. Thus, W$ ( 4) means the fourth item in the 
list W$. A$ ( 5 ) means the fifth item in the list A$, and so on. 

In most ways, array variables are like ordinary variables: You use 
LET and INPUT statements to assign values to array variables. You use 
PRINT statements to print the values of array variables on the screen. In 
those ways, W 1 $ and W$ ( 1 ) are alike. 

But array variables differ from ordinary variables in one important 
way: With array variables, the thing inside the parentheses can be either a 
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number or anything that has a numeric value. For example, you can write 

W$(J). To find the value of this expression, the computer does three 

things. First, it finds out the value of J. Second, the computer uses that 

value as the item number for the list. Third, the computer looks up the 

value of that item in the list. Let's explore this in program mode. 

CLS 
NEH 
—_____ Clear the screen and erase the 

memory. 

500 LET W$(l) = "RED” 
510 LET W$<2> = "WHITE” 
520 LET H$(3) = "BLUE” 
600 PRINT W$(!)> H$(2)* W$<3) 

5H5!____ This should not surprise you. 

600 FOR J = 1 TO 3 
610 PRINT W$(J) 
620 NEXT J 
LIST 

Think carefully about line 610. 

What does it tell the computer to 

do? 

RUN 
Were you right? 

600 FOR J 
LIST 

3 TO 1 STEP -1 

____ What will this do? 

RUN 
Now you know. 

Line 610 was the same in both versions of your program. But the 

computer did different things when you ran each version. Line 610 tells 

the computer to print one item in the W$ list. The value of J is the item 

number. In the first version, J was 1, 2, and then 3. In the second 

version, J was 3, 2, and then 1. 

You can also use the INPUT statement to assign values to an array. 

Let's explore that idea. 

500 FOR J = 1 TO 3 
510 INPUT W*(J> 
520 NEXT J 

I____ Think about what line 510 tells 

the computer to do. 
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RUN 
Notice the question mark. Give 
the following answers: 

? RED 
? WHITE 
? BLUE 

RUN 
? ROMEO 
? LOVES 
? JULIET 

What did the computer print? 
Let's try that again. 

You probably guessed what would 
be printed. 

You can get a better idea of how this program works. Make the two 
changes below: 

505 PRINT "WORD"5 J# 
--- be sure to type a comma at the 

end of the line. 

610 PRINT J * W$(J) 
LIST 
-----Check the changes. 

RUN 
—-—-—--- Notice the prompting message 

this time. 

Enter the words SHARKS, EAT, and PEOPLE. The program should 
work as before. This time, however, the computer prints extra informa¬ 
tion: It shows the item number of each item in the list. 

This little program tells the computer to accept any three strings 
from the user. The computer then prints the strings in reverse order. 
You could have written this program without using an array: You could 
have used three INPUT statements and six PRINT statements. But sup¬ 
pose you wanted to tell the computer to accept any number of strings and 
then to print them. You could not do that with ordinary variables. But 
you can with array variables. Make the changes shown on the next page 
in your program. 
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400 PRINT "REVERSE HOW MANY WORDS" 
410 INPUT N 
500 FOR J = 1 TO N 
505 PRINT "WORD" ? J * 
510 INPUT W$(J) 
520 NEXT J 
600 FOR J = N TO 1 STEP -1 
610 PRINT J t W$(J) 
620 NEXT J J 

Notice lines 410, 500, and 600. The variable N appears in all three 
lines. Think about what each line tells the computer to do. Now run the 
program. Enter 5 as the answer to the first question. Then enter any 
five words you want in answer to the next five question marks. You 
should see the five words printed on the screen in reverse order. 

Run the program a few more times. Try reversing two words. Try 
six words. Will the program work correctly for one word? For zero 
words? Find out. 

1. How does the name of an ordinary variable differ from the name 
of an array variable? 

2. In BASIC, how would you name the 14th member of a list named 
Y$? 

3. What is an array variable used for? 
4. Suppose that A$< 1 ) = "TOM", A$ < 2 > = "HARRY", and J = 1. 

What is the value of A $ ( J + 1 ) ? 

How Many Items? 
The program now in memory tells the computer to accept N words from 
the user and then to print the list backwards. How big can N be? Let's 
find out. 

If the program printed above is not in the computer, enter it now. 
Run the program. Enter 100 in answer to the first question. This time, 
instead of words, enter the letters of the alphabet. Be sure to press 
(Enter after each letter. Keep doing this until you see an error message. 

You should have seen the program work correctly for the first 10 
letters. But there was a problem with the 11th letter. You got this mes¬ 
sage: Subscript out of r a n 2 e in 510. 

Let's explore some more. Add this line to your program: 

100 DIM W$(15) 
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Run the program. Again, enter 100 and the letters of the alphabet. This 
time, the program accepted a list of 15 letters. The error message came 
with the 16th letter. 

DIM is a new BASIC statement. It tells the computer what the largest 
item number in a list can be. If you leave out the DIM statement, the 
computer sets the largest item number at 10. 

Now let's see what the smallest item number can be. So far, you 
have counted items in your W$ list starting at item one. Let's see 
whether we can count from zero. 

CLS 
LI ST 
----—- Notice the Is in lines 500 and 

S00. 

500 FOR J = 0 TO N 
600 FOR J = N TO 0 STEP -1 
LIST 
---Notice the 0s now. 

RUN 
----- There should be no problems so 

far. 

Enter 3 for the number of words you want to reverse. Then start enter¬ 
ing letters of the alphabet. 

The results probably surprised you. You said you wanted to enter 
three words. But the computer asked for four words. It numbered the 
items in the list starting with 0. The computer asked for four words 
because there are four item numbers between zero and three. Now let's 
see if we can have item numbers that are negative. 

Edit lines 500 and 600 so the 0s in the FOR statements are 
changed to - Is. Run the program and enter 3 again. Then start enter¬ 
ing letters. 

This time, you should have seen the message Illegal 
function call in 510 when you entered the first word. In BASIC, 
you may not use negative numbers as item numbers in a list. Zero is allowed 
as an item number. But you will usually want to start your lists with item 
number one. That way, you will avoid surprises. The last item number 
in a list will be the same as the number of items in the list. 

Finally, let's see what happens when you try to use numbers with 
decimal points for item numbers in a list. Here are some immediate¬ 
mode experiments: 

LET A$(1) = "FISH" 
LET A$(2) = "GIRL" 
------ You now have two strings in 

memory. 
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PRINT A*(1)t A$(2) 
There they are. Now let's try for a 
mermaid. 

PRINT A$<1.5) 
What was printed? 

PRINT A$<1.49) 
What now? 

PRINT A$(2*01) 
And now? 

You just learned two things: First, it is OK to use item numbers that 
are not whole numbers. Second, if the item number is not a whole num¬ 
ber, the computer rounds to the nearest whole number (1.5 is rounded 
to 2). In the example above, A$(1♦5 ), A$ ( 2 ♦ 01 ), and A$ ( 2 ) all 
stand for "GIRL". 

5. If the computer is asked to print the value of T $ ( 1 ♦ 4 ), what will 
it do first? 

6. What is the purpose of a DIM statement? 
7. When is a DIM statement needed? 
8. What numbers are legal to use as item numbers for an array? 
9. What will be the output if the program below is run? 

V 

100 
110 
120 
130 
140 
150 
1 S0 

DIM 
LET 
LET 
LET 
LET 
LET 

A$ ( 4 ) 
A$( 1 ) 
A$ ( 2 ) 
A$ ( 3 ) 
A$ ( 4 ) 
J = 2 

"THE" 
"DOG" 
"IS" 
"BROWN" 

PRINT A$<J + 2) t A$( 

PCs PANTRY 
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Your program for reversing a list of words should still be in the 

computer. Change it so that the computer prints every other word. 

Change the program again. Make it print the length of each word in 
the list of words entered by the user. 

In this session, you learned about array 
variables. You found out that an item 

number locates one of the items of an array. The key ideas about 
arrays are summarized in the table below. Be sure you understand 
arrays fully. Arrays are very useful in programming. Using arrays 
can save you a lot of time and trouble. Review the session if you feel 
the need. 

Topic Description 

Array A collection of data grouped under a single name. The 

array may contain either numeric or string data but not 
both. 

Item number A number used to locate one of the pieces of data in 
an array. 

DIM A BASIC statement that tells the computer the largest 

possible item number of an array. If there is no DIM 

statement in the program, the computer sets the 
largest item number equal to 10. 
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SESSION 30 
Session Goals 

Review the uses of array variables. 

Learn new words used with array variables. 

Learn that array variables are places in the memory unit. 

Use a simple picture to understand how the computer handles arrays. 
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Review 
In the last session, you wrote a very short program to solve a hard 
problem. The program told the computer to do three things: First, ask 
the user how many words are to be entered. Second, accept exactly that 
many words. Third, print the list of words on the screen in reverse 
order. 

Why is this problem hard? After all, there are other problems much 
like it that are very easy. For example, it is easy to tell the computer to 
accept five words and print them back in reverse order. This little two- 
line program will do the job: 

10 INPUT Nl$» W2$> W3$* W4$» W5$ 
20 PRINT W5$ , W4$ t W3$» W2$, Wi$ 

But this program works only with lists of exactly five words. You would 
have to rewrite the program to make it work for a list of three words or 
one of six words. Also, the program would become very long if it had to 
handle a list of a hundred words or more. 

You found that these problems disappear when you use a new kind 
of variable called an array. Array variables are useful whenever you have 
a whole list of data items that need to be handled in the same way. 
Suppose, for example, that you have a list of names that you want the 
computer to print in a single column. You could write a separate PRINT 
statement for each name. But this three-line loop will do the whole job: 

100 FOR A = 1 TO NUN 
110 PRINT N$(A) 
120 NEXT A 

Line 110 tells the computer to print one name in the list. The value of A 
tells the computer which name to print. And the FOR/NEXT loop tells 
the computer to do the same thing over and over again. Each time 
through the loop, A will have a new value. The loop is to stop when the 
value of A is greater than the value of NUN. 

So far, the only kind of lists you have seen are lists of strings. But 
there can also be lists of numbers. Like all other variables, an array has a 
name, a type, and a value. The rules for naming arrays are almost the 
same as those for ordinary variables. The one exception is that an ex¬ 
pression in parentheses must follow the array name. As with other vari¬ 
ables, the type of an array is either string or numeric. Other variables 
have only a single value at a time, but the value of an array is the list of 
data items it stands for. 
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We have called the whole list of data an array. We have talked about 
single items in the list. And we have used item numbers to pick out an 
item from the list. People sometimes use another set of words to talk 
about arrays. You will sometimes hear arrays called by another name: 
subscripted variables. A single item is also called a component. And 
what we have called the item number is also known as a subscript. 

In printing, a subscript is a small number or letter. It is printed just 
below the line on which the rest of the words and letters are printed. 
Long before computers were invented, people needed a simple way to 
write mathematical formulas for handling lists. They had the idea of 
using a single name for the whole list. They identified each item in the 
list by printing a number as a subscript after the name. That is why array 
variables are often called subscripted variables. 

You found in your computer explorations that there were limits on 
the numbers you can use as subscripts. Negative numbers are not al¬ 
lowed. Unless there is a DIM statement in the program, subscripts 
greater than 10 cause the message Subscript out of ranSe to 
appear. You may use the DIM statement to set the dimensions of arrays 
to numbers other than 1 0. The dimension of an array is the largest 
number allowed for the subscript. The statement 

100 DIM A<5> » B$(100) 

tells the computer that array A can have six numeric components, in¬ 
cluding A ( 0). It also says that array can have 101 string compo¬ 
nents, including B $ ( 0 ). It is a good idea to use the DIM statement to 
dimension all your arrays, even if you will not use subscripts greater 
than 1 0. 

1. When are array variables useful? 
2. What is another name for an array variable? 
3. What is a subscript? 
4. What is the dimension of an array? 

How Subscripts Work 
In the next session, you will explore arrays further. You will discover 
new uses for them. Before going ahead, though, you should make sure 
that you understand exactly how arrays and subscripts work. A state¬ 
ment like 

LET G< P + 1) = P - 1 

can seem very complex at first. But if you spend a few minutes reading 
the rest of this session, you will discover that its meaning is very simple. 
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Leave your computer keyboard and screen. Settle into a comfortable 
chair and read on. 

The main idea about an ordinary variable is that it is a place in the 
memory of the computer. Array variables are no different in this respect, 
as you will soon see. In earlier sessions, you used a simple picture of a 
computer to understand variables and data. Let's use the same picture 
again. This time, we'll see how the computer carries out each step of the 
following program: 

Here is a picture of the computer just after the program has been en¬ 
tered, the screen cleared, and the RUN command entered: 

CONTROL 
INPUT 

OUTPUT 

ARITHMETIC 
AND LOGIC 

MEMORY 

20 LET A$C/) = "CAT" 
30 LET A$(2) - "DOG" 
40 PRINT A$ (2), A$(!) 
50 LET J = / 
60 PRINT A$(J) 
70 PRINT A$(J+ /) 

A$ (3) 
A $ (2) : 

A$ (!)■• 
A $ (0): J-.- 0 

ZJ 
Notice the memory chalkboard in the picture. It contains the seven lines 
of the BASIC program. It also contains places for the variables. The place 
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named J contains a 0. The other four places, named A$(0), A$(1), 
A$ ( 2 ), and A$ < 3), can contain strings. At first, they each contain the 
empty string. That string has no characters in it. The DIM statement tells 
the computer to save these four places in memory for the array A$. 

This is the picture after the computer has performed the LET state¬ 
ment in line 20. Notice that the memory box named A$(i) has 
changed. 

The LET statement tells the computer to do two things: First, find 
the value of whatever is on the right side of the equal sign. Second, put 
that value in the place in memory with the same name that appears on 
the left side of the equal sign. Line 30 is another LET statement. Here is 
the picture after the computer performs it: 

OUTPUT MEMORY 

ARITHMETIC 
AND LOGIC 

C/0 D/M A$ (3) 
I 20 IET A$(/)s "CAT” 

|W30tLETA$ U) s "DOC11 
¥0 PRINT A$(2), A$0) 
50 LET J = / 
60 PRINT A$(J) 
70 PRINTA$(J + !) 

A $ (3) 
A ■$ (2): DO A 
R£ LJl : CAT 
AS 60) 

I 

L 
0 

J 
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Now we have two words in the ft$ array. There are also empty 
strings in A$ (0) and A$(3 ). Let's look now at the picture after the 
computer performs the PRINT statement in line 40: 

The PRINT statement works the same way with array variables as it 
does with ordinary variables: The computer uses the variable names to 
find the places in memory where data is stored. Then it sends that data 
to the output unit. Let's look at the picture after line 50 is performed: 

OUTPUT 

c 

RUN 
DOG CAT 

ARITHMETIC 
AND LOGIC 

<s= 

MEMORY 

s 

/0 D/A4 A $ (3) 
20 L£T A$ (/) - "CAT" 
30 LET A$(2) = "DOG" 

PR/NT A$ (2), A$ (!) 
50 LET iT*/ 

' 60 PR/NT A$ (J) 
70 PR/NT A? (J + /) 

I 

A St'S) 
AS (2) DOC 
A$ (!) C4T 
AS W —sJ: 

As you have seen before, the LET statement tells the computer to put a 
new data value in memory. This time the number 1 goes into the mem¬ 
ory box named J. 
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Now let's look closely at line S0. This is a very interesting line. It 
says to print the value of A$ ( J ) on the output unit. There is a place in 
memory named J. There are four places with names that begin with A $. 
But there is no place in memory named A $ ( J ). What does A $ ( J ) 
mean? The computer needs rules for handling this new kind of name: 

The Computer's Rules for Finding Data in Arrays 

1. Find the value of whatever numeric expression is written in 
parentheses after the name of the array. 

2. Substitute this number for the expression. 
3. Look in memory for a place with the name that results from 

Rules 1 and 2. 

Let's apply these rules to line G0. That line contains the statement 
PRINT A $ ( J ). Rule 1 says to find the value of the variable named J. 
The value we need is whatever number is in the J-box in memory. Right 
now, that value is 1. Rule 2 says to substitute this number for the ex¬ 
pression. This means that the computer should use the name A$ ( 1 ) 
instead of A $ ( J). Rule 3 says to look in memory for a place named 
A$ ( 1 ). That is where the data to be printed will be found. Here is the 
picture after line G0 is performed: 

Now you can see how line G0 told the computer to print CAT on the 
output unit. Next, let's see what line 70 means. It is another PRINT 
statement. But it is a little different from the one in line G0. What does 
A$ ( J + 1 ) mean? Again, there is no place in memory with this name. 
But now you know the rules for finding the right place. 
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Rule 1 says to find the numeric value of J + 1. As usual, the com¬ 
puter uses its arithmetic and logic scratchpad for this job. Here is the 
picture after the computer has finished following Rule 1: 

Rule 2 says to substitute this value for the expression in parentheses. 
So A$(J + 1 ) becomes A$(2 ). Finally, Rule 3 says to look in memory 
for a place named A$ ( 2) and use the data there. Here is the picture 
after the computer performs line 70: 

OUTPUT 

c 

RUN 
DOG 
CAT 

CAT 

ARITHMETIC 
AND LOGIC 

$ 

<B= 

MEMORY 

/0 D/M A $ (3) 
20 LET A$ (/) * "CAT'' 
30 LET (2) = "DOG" 
<40 PRINTA$ (2) , A$(/) 
50 LET J = / 
60 PP/NT A $ (7) 

W70 PR/Nr A$(T+n 

A $ (3): 
A$ (2): 
A^(l)j CAT 
A $ (0) •• 

I 
JL 

j: 

ji 
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Now the program is finished. You have seen that array variables, like 
ordinary variables, are named places in the memory of the computer. 
The main difference between them is that part of the array name is a 
subscript. Suppose you use a constant, such as 2 or 25, for the sub¬ 
script. In that case, array variables work exactly the same way as ordi¬ 
nary variables. But you have just seen that it is also possible to use 
variables and expressions as subscripts. The computer first calculates 
the numeric value of the subscript. That value tells the computer which 
data item in memory to use or to assign a new value to. 

Suppose the P-box in memory contains a 5. What does the 
statement LET X (2 * P) = 37 tell the computer to do? 
Suppose the Q-box in memory contains a 3. What does the 
statement LET X (0-1) =0+1 tell the computer to do? 

How Subscripts Work 347 



This session began with a review of the 
things you learned in your hands-on 

explorations in Session 29. You learned some new terms used with 
arrays. Then you used the simple picture of a computer to 
understand how arrays and subscripts work. The important ideas 
introduced in this session are summarized in the table below. Review 
it carefully before going on. 

Topic Description 

Subscripted variable Another name for an array variable. 

Subscript Another name for the item number of an item 
in a list. 

Component Another name for an item in a list. 

Dimension The largest whole number that can be used for 
the subscript of an array. The smallest is zero. 
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SESSION 31 
Session Goals 

Learn to use READ and DATA statements as another way of assigning 
values to variables. 

• Use READ and DATA to initialize array variables. 

Use array variables in a program for building sentences out of phrases. 

Application of Arrays 349 



Review 
In Sessions 29 and 30, you learned how to use an item number, or 

subscript, to locate one piece of data in a list. With arrays and subscripts, 

you can write programs that are more flexible. In this session and the 

next, we will develop two programs that will show you ways of using 
arrays. 

Another Assignment Statement 
Before we begin writing the new programs, let's experiment with two 

new statements. These are the READ and DATA statements. Start the 
computer as usual. Then enter the lines below: 

110 LET A1$ = "THE COW " 
120 LET A2* = "JUMPED OVER " 
130 LET A3$ = "THE MOON" 
LI ST . 
--- Check out the program. 

RUN 
Nothing happened. Or did it? 

PRINT A2* 
The computer knows the value of 
A2$. 

PRINT Al$5 A2$ 5 A3$ 
It knows the value of all three 

variables. 

Nothing was printed when the program was run. That is because 

there are no PRINT statements in the program. However, as you saw, 

the computer did put data into its memory unit. That is because you 

used LET statements to tell the computer to assign values to the varia¬ 
bles. 

The LET statement is one way to give a value to a variable. For single 

variables or small arrays, this method works fine. However, suppose 

you need to assign values to a big array. In that case, your program 

would need many LET statements. Let's look at a different way to as¬ 
sign values to variables. 

NEW 
CLS 
110 READ A1$ * A2$ * A3$ 
120 DATA "THE COW " t "JUMPED OVER " * "THE MOON" 
LIST 
-—- Make sure the program is correct. 
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RUN 
Again, nothing happened. Or did 
it? 

PRINT A3* 
PRINT A1$ 

The computer knows the value of 
these variables. 

You got the same results you did with the previous program. In both 
programs, the computer assigned the string constant "THE COW " to 
A 1 $. It assigned the string constant "JUMPED ODER " to A2$. Finally, 
it assigned the string constant "THE MOON" to A 3 $. In the first pro¬ 
gram, the assignment was done with LET statements. In the second 
program, the assignment was done with READ and DATA statements. 
How do these new statements work? 

The READ statement, like the LET statement, tells the computer to 
assign values to variables. One LET statement, however, can assign a 
value to only one variable. One READ statement can assign many values 
to many variables. This fact can often save you a lot of typing. This is 
especially true when you are using array variables. 

In some ways, the READ statement is like the INPUT statement: 
Both words can be followed by a list of variable names. The INPUT 
statement tells the computer to do two things: First, accept several 
pieces of data from the keyboard. Second, assign the data to the varia¬ 
bles named in the list. The READ statement works much the same way. 
However, in this case the data items are not entered from the keyboard 
when the program is run. Instead, they are contained in DATA state¬ 
ments within the program. Let's look again at the second program you 
ran. 

110 READ Al$ , A2$, A3$ 
120 DATA "THE COW ", "JUMPED ODER ", "THE MOON" 

Three variables are named in the READ statement. The READ statement 
tells the computer to assign values to each of these variables. However, 
instead of getting the values from the keyboard, the computer gets them 
from the DATA statement. The first piece of data in the DATA statement 
is assigned to A1 $. The second is assigned to A2$. The third is assigned 
to A3$. Let's explore DATA statements some more. 

200 PRINT Al*5 A2* 5 A3* 
CLS 
I TRT 
_____ This puts a PRINT statement at 

the end of the program. 
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RUN 
You should see all three phrases 
making up one sentence on the 
screen. 

120 DATA "THE COW ” 
130 DATA "JUMPED ODER " 
140 DATA "THE MOON" 
LIST 

Now there are three DATA 
statements. Will the program work 
the same way? 

RUN 
You should see the same 
sentence. 

DELETE 120-140 
LIST 

Now there are no DATA 
statements. 

100 DATA "THE COW " 
120 DATA "JUMPED ODER " 
300 DATA "THE MOON" 
CLS 
list 
---- Now the DATA statements are 

scattered. 

RUN 

300 
CLS 
LIST 

But the program works the same 
way. 

Now there are only two pieces of 
data. What will the computer do? 

RUN --- Note the message. 

READ and DATA statements give you a handy way to assign data to 
variables. They are especially useful when you have a lot of data to 
assign. In addition, they give you an easy way to change the data with¬ 
out having to retype assignment statements: All you have to do is retype 
the DATA statements. 

It makes no difference where the DATA statements are placed in the 
program. The line-number order of DATA statements is the only thing that 
matters. Here is how that works: When you enter the RUN command, the 
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computer does not start performing statements right away. It first goes 

through the program in line-number order looking for a DATA state¬ 

ment. The computer stops at the first DATA statement it finds. It puts a 

pointer at the first piece of data in the statement. This pointer is called 

the data pointer. The piece of data it is pointing to is called the current 
data item. 

Then the computer starts performing statements. While doing so, 

the computer reaches a READ statement with a list of several variables. 

The rules here are very simple: First, assign the current data item to the 

first variable in the READ statement. Second, move the data pointer to 

the next piece of data in the DATA statement. Third, do the same thing 

for the next variable in the READ statement. Repeat these steps until all 

variables have values assigned to them. 

What if the computer runs out of data in the DATA statement it has 

been using? In that case, it starts looking, in line-number order, for the 

next DAT A statement. If the computer finds one, it puts the data pointer 

at the first item in the new DATA statement. If there are no more DATA 

statements, the computer prints an Out of DATA error message. 

You can see that the computer handles DATA statements completely 

differently from the way it handles other statements. All other state¬ 

ments tell the computer to do something. DATA statements do not tell the 

computer to do anything. They just list the data items to be used by the 

computer. The location of DAT A statements within the program is unim¬ 

portant. However, their line-number order is very important. 

It is true that you have a lot of freedom in placing DATA statements 

in a program. However, it is wise to place them close to the READ state¬ 

ments so you can easily see what values will be assigned to the variables 

in the READ statements. 

In the example above, the pieces of data were string constants. We 

will always show string constants inside quotation marks. This makes it 

clearer where the string begins and ends. BASIC requires you to use 

quotation marks in LET and PRINT statements. But you are allowed to 

omit them in DATA statements and in the user reply to an INPUT state¬ 

ment. This saves effort in typing, but can lead to confusion and error. 

Suppose, for example, that a string contains a comma. In that case, you 

must use quotation marks. Leaving them out will cause an error. 

You can also have numbers in DATA statements, or a mixture of 

numbers and string constants. It is up to you to make sure that when the 

computer is expecting a string constant, the next piece of data is a string 

constant. Likewise, if the computer is expecting a number, a number 

must be next in the DATA statements. If your variables and your data do 

not match, you might expect to get a Type m i s m a t c h error. However, 

you mysteriously get a Syntax error message instead. Be prepared 

for that. 
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3. 

4. 

How is the READ statement like the INPUT statement? How is it 
different? 

Is the location of DATA statements important? Are the line 

numbers of DATA statements important? Explain your answer. 

What happens to the data pointer when you type RUN? 

What happens if the current data item is a string constant and the 

current variable in a READ statement is numeric? 

A Random-Phrase Generator 
Now that you know about array variables and the READ and DATA 

statements, let's put them to work. The rest of this session uses these 

new tools. You will learn about another way to use them in the next 
session. 

Here is your problem: Write a program to "mix and match" phrases 

from sentences. To see how to do this, look at these sample sentences: 

The cow 

The fish 

Johnny 

Martians 

jumped over 

swam under 

ate 

landed at 

the moon, 

the bridge, 

bananas. 

Peoria. 

Each of the lines above contains a complete sentence. However, each 

sentence has been broken into three phrases. These form three columns. 

You can build many different sentences by selecting one phrase from 

each column and combining them. If you do this, here are some sen¬ 
tences you might get: 

Example: The cow swam under bananas. 

Example: Martians ate the moon. 

Example: The fish landed at Peoria. 

Let's think for a minute about how we might tell the computer to 

pick one phrase from the first column. The first column is a list of 

phrases. The natural thing to do is to use an array variable to stand for 

the whole list. Then we can pick one phrase in the list by telling the 

computer what number to use for the subscript. We will need another 

array for the list of phrases in column two. We will need a third array for 
the list in column three. 

The problem is to write a program that will tell the computer to do 

three main things: First, the computer should set up and give values to 

three arrays. The first array will hold the first phrase in each of the 

sentences. The second array will hold the second phrase in each of the 

sentences. The third array will hold the last phrase in each of the sen¬ 

tences. Second, the computer should randomly select phrases from each 
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of the arrays. Third, the computer should put the the phrases together 

to form a sentence, and print the sentence on the screen. 

As always, the best way to begin is with a top-level description of the 

program. There are three main jobs to be done: First, assign the phrases 

to the arrays. Second, pick a subscript for each phrase of the sentence. 

Third, print the sentence. Here is an outline of the main routine: 

100 ' PROGRAM MIX AND MATCH 

110 initialize arrays 
120 select phrases 
130 print the sentence 
180 END 

Erase the program now in memory. Enter the following skeleton pro¬ 
gram. Run it and fix any errors. 

100 'PROGRAM MIX AND MATCH 
110 GOSUB 200 'INITIALIZE 
120 GOSUB 400 'SELECT PHRASES 
130 GOSUB 600 'OUTPUT 
130 END 
190 / 

200 'SUB INITIALIZE 
210 PRINT "INITIALIZE" 
380 RETURN 
390 / 

400 'BUB SELECT PHRASES 
410 PRINT "SELECT PHRASES" 
580 RETURN 
580 / 

600 'SUB OUTPUT 
610 PRINT "OUTPUT" 
780 RETURN 

Subroutine INITIALIZE has two jobs to do: First, the arrays 

should be dimensioned. Second, the computer must assign the sentence 

phrases to each of the three arrays. Let's call the phrase arrays SU$, 

UE $, and 0 B $. (These names remind you that the phrases are the subject, 
the verb, and the object in the sentence.) These two statements would 

assign one phrase to each array: 

READ SU$<1 ) > ME$( 1 ) » 0B$( 1 ) 
DATA "THE COW "» "JUMPED ODER "» "THE MOON" 
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But we want the computer to do the same process again and again until 

all the phrases are assigned. What kind of program block tells the com¬ 

puter to do something again and again? If you are thinking of a loop 

block, that is the right answer. Let's suppose we have four phrases for 

each part of the sentence. Then we can use a FOR/NEXT loop. Here is 
the subroutine: 

2 00 'SUB INITIALIZE 
210 DIM SU$(4)f UE$(4)* 0B$(4) 
220 FOR X = 1 TO 4 
230 READ SU$(X)» VE$(X)* OB$(X) 
240 NEXT X 
250 DATA "THE COW "» "JUMPED ODER "* "THE MOON" 
260 DATA "THE FISH ", "SWAM UNDER ", "THE BRIDGE" 
270 DATA "JOHNNY ", "ATE " , "BANANAS" 
280 DATA "MARTIANS ", "LANDED AT ", " PEORIA" 
380 RETURN 

Read the subroutine carefully. Think about how it works. Then enter 

the changes shown above. Be sure to type the letter 0 in 0B$. The long 

lines will fold to the next screen line. Then enter GOSUB 200 in the 
immediate mode. Fix any errors you find. 

Now for the second subroutine, SELECT PHRASES. How shall we 

tell the computer to pick the subject, verb, and object phrase to make a 

sentence? It would be interesting to let the computer pick the phrases at 

random. You know how to tell the computer to do that. 

There are four possible subject phrases: SU$(1), SU$(2), 

S U $ ( 3 ), and S U $ ( 4 ). Picking a phrase at random means picking a 

subscript of SU$ at random. The subscripts are just numbers, and you 

know how to tell the computer to pick numbers at random. The state¬ 
ment 

LET P = I NT(4 * RND) + 1 

tells the computer to assign to P a random number in the set 1, 2, 3, and 
4. After that is done, the statement 

PRINT SU$(P) 

tells the computer to print a phrase with this random subscript. The result 
is a randomly picked phrase. 
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To build a complete sentence, we need a subject phrase, a verb 

phrase, and an object phrase. So we must tell the computer to pick three 

random subscripts. The first random number will be used as a subscript 

to pick a phrase from array S U $. The second random number will pick a 

phrase from ME$, and so on. Here is subroutine SELECT PHRASES: 

400 'SUB SELECT PHRASES 

410 LET P = INT (4 * RND) + 1 
420 LET Q = I NT (4 * RND) + 1 
430 
580 

LET R = 
RETURN 

INT (4 * RND) + 1 

Enter the body of subroutine SELECTPHRASES.Then enter GOSUB400. 
Then, in immediate mode, enter the line PRINT P t Q t R. Fix any 
errors. When the subroutine is correct, your PRINT statement should 

cause three numbers to be printed. The numbers should be in the set 1, 

2, 3, and 4. 

Now we come to subroutine OUTPUT. Its job is to tell the computer 

the following: Use the values of P, 0, and R as subscripts in the phrase 

arrays. Then put the phrases together. Finally, print the sentence on the 

screen. Let's also have it put a blank line on the screen before printing 

the sentence. This will make the output easier to read. Here is the com¬ 

pleted subroutine: 

600 'SUB OUTPUT 

610 PRINT 
620 PRINT SU*(P)5 VE$(0)5 0B$(R) 
780 RETURN 

Think carefully about how line 620 works. Remember what each vari¬ 
able stands for. Then enter the body of subroutine OUTPUT. 

The complete program is shown on the next page. List the program 
and check for errors. 
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100 ' PROGRAM MIX AND MATCH 

110 GOSUB 200 'INITIALIZE 

120 GOSUB 400 'SELECT PHRASES 

130 GOSUB 600 'OUTPUT 
180 END 

190 ' 

200 'SUB INITIALIZE 
210 DIM SU$! 4) » UE$<4) i 0B$(4) 
220 FOR X 

•T3- 

O
 

f—
 

V
”
i 

II 

230 READ SU$(X) , VE$(X) , 0B$(X) 
240 NEXT X 
250 DATA M THE COW ", "JUMPED OVER ", "THE MOON" 
260 DATA " THE FISH ", "SWAM UNDER " , "THE BRIDGE" 
270 DATA " JOHNNY ", "ATE ", "BANANAS" 
280 DATA " MARTIANS ", "LANDED AT ", 11 PEOR I A" 
380 RETURN 
390 / 

400 'SUB SELECT PHRASES 
410 LET P = INT(4 * RND) + 1 
420 LET 0 = INT(4 * RND) + 1 
430 LET R = INT(4 * RND) + 1 
580 RETURN 

530 ' 

800 'SUB OUTPUT 

B10 PRINT 

S20 PRINT SU$(P)5 VE*(0)5 OB$(R) 
780 RETURN 

Run the program several times. The phrases in each sentence are 

selected at random. Thus, each sentence should usually be different. As 

you have seen, that is not true: You get the same three phrases each 

time. Your program is not wrong. The problem comes from the fact that 

the RND function gives the same series of numbers each time you run 

the program. You learned a bit of "black magic" to fix this problem at the 

end of Session 26. Add this statement to your INITIALIZE subroutine: 

205 RANDOMIZE 128*INP<64) + INP(G4) 

Run the program again a few times. Now you should see different sen¬ 
tences. 

But only one sentence is generated each time the program is run. 

Let s change the program. Let's have the computer keep on generating 
new sentences until the (Break) function is used. 

358 Arrays 



First, what kind of program structure is needed? Second, where 

should the structure go? By this point in the book, you should be an¬ 

swering these questions yourself. We hope you recognize that a loop is 

needed. We hope you realize that it should go in the main routine. The 

last two GOSUB statements form the body of the loop. Here is the new 

main routine: 

100 'PROGRAM MIX AND MATCH 

110 GOSUB 200 'INITIALIZE 

115 ' LOOP FOREVER 

120 GOSUB 400 'SELECT PHRASES 

130 GOSUB 600 'OUTPUT 

140 GOTO 115 

150 ' END LOOP 

180 END 

Enter the changes in the main routine. Run the program. Wait until you 

have seen 30 or 40 sentences scroll by. Then use the [Break] function to 

stop the program. 

Let's make one last change to the program. Let's provide a way out 

of the loop in the main routine. We need an exit condition. Let's tell the 

computer to exit from the loop when the sentence in the first DATA 

statement is generated and printed. That will happen when the com¬ 

puter selects the first phrase from each of the arrays. At that time, the 

values of P, 0, and R will all be 1. Let's also put a message in the 

program to be printed after the exit from the loop. Here are the changes 

needed: 

100 'PROGRAM MIX AND MATCH 

110 GOSUB 200 'INITIALIZE 

115 ' LOOP 
120 GOSUB 400 'SELECT PHRASES 

130 GOSUB S00 'OUTPUT 

135 IF P = 1 AND 0 = 1 AND R = 1 THEN 150 
140 GOTO 115 

150 ' END LOOP 

160 PRINT 
170 PRINT "THAT'S THE ONE I'VE BEEN WAITING FOR" 
180 END 
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Enter the changes. Run the program several times. Notice that the com¬ 

puter may stop after a few sentences are printed on the screen. Some¬ 

times, a large number of sentences appear before the computer stops. 

That is how things work out when they happen by chance. 

When you are through, save the program under the name MIX on 
either cassette tape or diskette. 

5. What changes would you need to make in program 

MIX AND MATCH so that phrases would be selected from eight 

sentences? 

6. Why was a RANDOMIZE statement added to subroutine 

INITIALIZE? 

7. Suppose you changed line 135 in program MIX AND MATCH to 

read 

135 IF P = 1 AND 0 = 2 AND R = 3 THEN 150 

What sentence will be on the screen when the program stops? 
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Add a counter variable to the loop in the main routine. It should 

keep count of the number of sentences generated as the program 

runs. Change the OUTPUT subroutine so that it prints the word 

SENTENCE followed by the number of the sentence just before 

printing the sentence itself. Thus, the 13th sentence would be 

preceded by the message SENTENCE 13. 

Change the phrases in the DATA statements to ones that you would 

like to see the computer build sentences out of. It is better if the 

sentences have nothing to do with one another. However, they 

should all have the same subject-verb-object form. 

You can use the idea in this program to make any program you write 

much more interesting to the user. For example, suppose you have 

written a program to help a younger person learn arithmetic. The 

computer will ask questions and check answers. You want the 

computer to give the person another try if the answer is wrong. Your 

program might prompt by printing the message Please try 

asain. But that will be a boring message if it is repeated very often. 

You can avoid boredom by thinking of synonyms for each phrase in 

the message: You could use "Kindly" or "Let's" instead of "Please." 

You could use "go" or "answer" instead of "try." You could use 

"once more" or "another time" instead of "again." Change the DATA 

statements in your program to let you experiment with these or other 

synonyms you might think of. 

In this session, you have learned how 

the READ and DATA statements can be 

used to assign values to variables. You have written a program that 

used these statements and the array variables you learned about in 

Sessions 29 and 30. The two new statements are described in the 

table below. 

Topic 

READ list 

Description 

DATA list 

A BASIC statement that tells the computer to assign 

strings or numbers to the variables in the list. The variable 

names must be separated by commas. The strings and/or 

numbers to be assigned must appear in DATA statements. 

The names in the list must match, in number and type, 

the items in the DATA statements in the program. 

A BASIC statement containing the constants to be 

assigned to variables appearing in READ statements. 
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SESSION 32 
Session Goals 

Change program COINS to simulate the roll of dice. 

Use an array variable to eliminate a case block. 

Use an array variable and a loop to eliminate similar statements. 
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Review 
In Part Five, you learned about the branch block. You used it to tell the 

computer to do either one thing or another. Toward the end of that part, 

you found out how to tell the computer to do only one thing out of a 

whole list of possibilities. You used a case block for that. 

So far in Part Six, you have learned about a new kind of variable: the 

array. You have seen how to use subscripts to pick out one component 

of an array. You found that it was easy to control which component the 

computer picked by using a variable as a subscript. 

You probably don't see any special connection between the topics of 

Parts Five and Six. After all, a branch is a type of statement block and an 

array is a type of variable. Statements and variables are totally different 

things. How can branches and arrays have anything in common? 

The example below will show you that branches and arrays have a 

great deal in common. You will see that many programming problems 

that can be solved by using branches can also be solved by using arrays. 

It is important to know when you can use an array in place of a branch. 

A solution with an array is usually much shorter and simpler than one 

with a branch. 

Coin Tossing Revisited 
In Session 26, you wrote a program named COINS. It used the com¬ 

puter to simulate tossing a coin. Let's take another look at that program. 

The program can be improved by using arrays and subscripts. Start your 
PC/r as usual. Then load program COINS from either diskette or cas¬ 
sette tape. If you have not saved the program, enter it now. Here is how 

it should look: 

100 'PROGRAM COINS 

110 GOSUB 200 'HOW MANY 

120 GOSUB 400 'TOSS COINS 

130 END 

190 / 

200 'SUB HOW MANY 

210 C L S 

220 PRINT "TOSS HOW MANY COINS" 

230 INPUT N 

240 CLS 

380 RETURN 

390 / 
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400 "SUB TOSS COINS 

410 FOR COUNT = 1 TO N 

420 GOSUB S00 'ONE TOSS 

430 NEXT COUNT 

580 RETURN 

500 ' 

S00 ' SUB ONE TOSS 

B10 IF RND > ♦5 THEN 620 ELSE 650 
620 ' THEN 

630 PRINT "HEADS" 

640 GOTO 670 

650 ' ELSE 

660 PRINT "TAILS" 

670 ' END IF 

780 RETURN 

Take a few minutes to look carefully at the program. Review its key 
features. Remind yourself how it works. Then run it a few times. 

Let's make a few changes in program COINS. First, let's take care of 

a weakness. When you wrote program COINS, you had not learned 

about the RANDOMIZE statement. Thus, every time you run the pro¬ 

gram, you see the same series of heads and tails. You will need a 

RANDOMIZE statement to tell the computer to produce different results 
each time you run the program. 

Next, let's change the program so that it counts the total number of 

heads and tails. After all the coins are tossed, the computer should print 

the two totals. We will need another subroutine for that. Let's start with 

the changes needed in the main routine. They are as follows: 

100 ' PROGRAM COINS 
105 RANDOMIZE 128*INP(64) 
110 GOSUB 200 'HOW MANY 
120 GOSUB 400 'TOSS COINS 
125 GOSUB 800 'OUTPUT 
130 END 

INP(64) 

Enter new lines 105 and 125 into the computer now. 
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Next, we must write a skeleton subroutine for the new OUTPUT 

subroutine that we will need. Enter these four lines: 

790 ' 
800 'SUB OUTPUT 
810 PRINT "OUTPUT" 
980 RETURN 

Run the program for 10 tosses. Write down the list of HEADs and TAI Ls. 
Run the program again for 10 more tosses. Compare the two lists. Do 
the same thing again. 

You should see a different series nearly every time you run the pro¬ 

gram. You should also see the word OUTPUT at the bottom of the list 

each time. If both these things are true, the program is working. Also, 

the skeleton subroutine you just added is OK. 

Next, let's not have the program print messages telling which way 

the "coin" came up. Instead, let's have it count the number of "heads" 

and "tails." We will need two variables to act as counters. Let's call them 

HEADS and TAILS. These variables will have to be initialized to equal 

zero before the coin-tossing loop begins. The loop is in subroutine 

TOSS COINS. Thus, let's take care of the initialization step there. We 

will use a GOSUB statement. Enter the new line 405 shown below. 
Then enter lines 480 through 520. 

400 'SUB TOSS COINS 

405 GOSUB 500 'INITIALIZATION 
410 FOR COUNT = 1 TO N 

420 GOSUB S00 'ONE TOSS 

430 NEXT COUNT 

480 RETURN 
490 ' 
500 'SUB INITIALIZATION 
510 LET HEADS = 0 

520 LET TAILS = 0 

580 RETURN 

Run the program and fix any errors you find. The program should work 

the same way as before. You have not yet told the computer to count 

instead of printing messages. 
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The PRINT statements with the messages are in subroutine 

ONE TOSS. They need to be replaced by LET statements that tell the 

computer to add 1 to either counter variable. Here are the changes: 

S00 'SUB ONE TOSS 

610 IF RND > ♦5 THEN 620 ELSE 650 
820 ' THEN 

630 LET HEADS = HEADS + 1 
640 GOTO 670 

850 ' ELSE 

660 LET TAILS = TAILS + 1 
670 ' END IF 

780 RETURN 

List subroutine ONE TOSS. Study the two changes shown above. 
Think about how this branch block will work. Then enter the changes. 

Now run the program. Enter 100 for the number of coins to toss. If 

there were no errors, the only message on the screen should be 

OUTPUT. It came from the skeleton OUTPUT subroutine. 

Enter the statement PRINT HEADS t TAILS in the immediate 
mode. You should see two numbers that add to 100. They tell you that 

the computer is counting "heads" and "tails" correctly. 

Finally, let's complete the OUTPUT subroutine. Its job is very simple: 

Tell the computer to print the results of the run. Make the changes 
shown below: 

800 'SUB OUTPUT 

810 PRINT 

820 PRINT "HEADS ="5 HEADS 
830 PRINT "TAILS ="5 TAILS 
380 RETURN 

Run the program a few times with different numbers of "coins." The 

program should now do what we wanted it to do. 

Before going ahead, notice how easy it was to make all these changes 

in program COINS. The main reason for this is that the program was 

written clearly from the start. You could quickly identify the routine that 

needed each change. You could make the change without worrying 

about the effect on other routines. This is the payoff for using the top- 

down method and limiting your program blocks to three: actions, loops, 
and branches. 
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-kj 1. What kind of program block is in subroutine ONE TOSS? 

2. What is the purpose of the GOSUB 500 statement inside 

subroutine TOSS COINS? 

3. What kind of program block is in subroutine INITIALIZATION? 

Simulating Dice 
You now have a nice program for exploring a chance event: the toss of a 

coin. With the program, you can do experiments on a few or many 

thousands of simulated tosses. At the end of each experiment, the com¬ 

puter will print the number of "heads" and the number of "tails." 

Another interesting chance event is the roll of a die. Many games are 

based on rolling dice. Let's see how to make the computer help you 

study dice rolls. It should be easy to change program CO I NS to tell you, 

after any number of "rolls," how many times each number on the die 

came up. 

What part of program COINS tells the computer to simulate the toss 

and decide which side of the coin came up? Let's look at the whole 

program. Liere is what should be in your computer now: 

100 ' PROGRAM COINS 

105 RANDOMIZE 128*INP<64) + INP(S4) 

110 GOSUB 200 'HOW MANY 

120 GOSUB 400 'TOSS COINS 

125 GOSUB 800 'OUTPUT 

130 END 

1S0 / 

200 'SUB HOW MANY 

210 CLS 

220 PRINT "TOSS HOW MANY COINS" 

230 INPUT N 

240 CLS 

380 RETURN 

300 / 

400 'SUB TOSS ; coins 

405 GOSUB 500 'INITIALIZATION 

410 FOR COUNT = 1 TO N 

420 GOSUB 800 'ONE TOSS 

430 NEXT COUNT 

480 RETURN 

490 / 

500 'SUB INITIALIZATION 

510 LET HEADS = 0 

520 LET TAILS = 0 

580 RETURN 

580 / 

1 
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600 'SUB ONE TOSS 
S 1 0 IF RND > *5 THEN 620 ELSE 
G20 ' THEN 
G30 LET HEADS = HEADS + i 
640 GOTO 670 - 

650 ' ELSE 
660 LET TAILS = TAILS + 1 
670 ' END IF 
780 RETURN 
790 / 

800 'SUB OUTPUT 
810 PRINT 
820 PRINT "HEADS = " 5 HEADS 
830 PRINT "TAILS = " 5 TAILS 
980 RETURN 

The part we need to change is subroutine ONE TOSS. For the coin 
simulation, you used the expression RND > ♦ 5 to decide which side of 
the coin came up. This was an either/or situation: RND was either greater 
than one-half or not. 

A coin has only two sides, but a die has six. For the die simulation, 
you need a random number that can be any of six different things. You 
learned in Session 22 how to tell the computer to generate random whole 
numbers. You used the I NT and RND functions. The expression 

I NT(S * RND) + 1 

tells the computer to return whole numbers in the set 1, 2, 3, 4, 5, 6. 
Remember, RND returns a number that is always less than 1. That means 
that G * RND is always less than 6. So I NT ( G * RND) is 5 or less. 
Adding 1 brings the largest whole number up to 6. 

Now we know how to make the right set of random whole numbers. 
What do we do with them? Our goal is to count the number of times 
each face of the simulated die comes up. We will need six counter varia¬ 
bles for this. Let's call them Cl, C2, C3, C4, C5, and C6. After each 
"roll" of the die, we want the computer to add 1 to only one of the six 
counters. When you want the computer to do only one out of many 
possible things, what kind of block do you need? 

If you are thinking of a case block, you are right. Now you should 
have a good idea of how to rewrite subroutine ONETOSS.lt should first 
tell the computer to generate a random whole number from 1 to 6. Then 
it should use a case block to decide which counter to add 1 to. The new 
version of the subroutine is at the top of the next page. 
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600 ' SUB ONE TOSS 
610 LET R = INT(6 * RND) + 1 
020 ' CASE 
630 IF R = 1 THEN LET Cl = Cl + i 
640 IF R = 2 THEN LET C2 = C2 + l 
650 IF R = 3 THEN LET C3 = C3 + l 
660 IF R — 4 THEN LET C4 = C4 + i 
670 IF R = 5 THEN LET C5 — C5 + i 
680 IF R — 6 THEN LET C6 — ce + i 
690 ' END CASE 
780 RETURN 

Take a careful look at this new subroutine. Notice that no two of the 
conditions in the I F statements overlap. Thus, this really is a case block. 
Now enter the new subroutine body into the computer. Then enter 
GOSUB 600 and check for error messages. As a final test, enter this line 
in the immediate mode: 

PRINT CIS C2 5 C3 5 C4 5 C5 5 C6 

You should see a total of five 0 s and one 1 appear on the line after the 
PRINT statement. 

Two more jobs remain: First, we must have the computer initialize 
the new counter variables. Second, we must make it print the final val¬ 
ues. List subroutine INITIALIZATION. Think about how to change 
it. 

You probably decided to make the new version of subroutine 
INITIALIZATION look like this: 

500 'SUB INITIALI 
510 LET Cl = 0 
520 LET C2 = 0 
530 LET C3 = 0 
540 LET C4 = 0 
550 LET C5 = 0 
560 LET C6 = 0 
580 RETURN 

i- ATION 
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But there is an easier way to assign values to many variables at once. 
You learned about it in the last session. This is how: 

500 "SUB INITIALIZATION 
510 READ Cl t C2 t C3t C4# C5# CB 
520 DATA 0 » 0 » 0 » 0 f 0, 0 
580 RETURN 

Next, we must change subroutine OUTPUT. List it and think about 
what needs to be done. You probably thought of something like this: 

800 'SUB OUTPUT 
810 PRINT 
820 PRINT "ONES = " ; Cl 
830 PRINT "TWOS = "; C2 
840 PRINT "THREES = "; C3 
850 PRINT "FOURS = "; C4 
860 PRINT "FIVES = " 5 C5 
870 PRINT "SIXES = "; CB 
080 RETURN 

Enter your changes in both these subroutines. Debug them by entering 
GOSUB 500 and GOSUB 800. Fix any errors you find. 

Now run the program and "roll" a "die" a few hundred times. Run 
the program again. Run it a few more times. You should see the six 
sides come up with about the same frequency each time. They won't be 
exactly the same. That is because chance events don't happen that way. 

When you ran the program, you found that it was still printing mes¬ 
sages about coins and tosses. We need to make a few "cosmetic" 
changes. These are changes that affect only messages and remarks but 
do not affect the way the computer works. Edit the following lines: 

100 ' PROGRAM DICE 

120 GOSUB 400 'ROLL DICE 
220 PRINT "HOW MANY ROLLS" 
400 'SUB ROLL DICE 

420 GOSUB S00 'ONE ROLL 
000 'SUB ONE ROLL 
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Run the program once again. It should work the same way as before. 

4. What makes the block in subroutine ONE ROLL a true case block? 
5. What kind of block is the body of subroutine OUTPUT? 

Rolling Several Dice at Once 
You have now succeeded in changing your coin-tossing simulation into 
a die-rolling simulation. You made the changes in simple steps. You 
always decided first what subroutine needed changing. Then you 
thought about how to make the changes needed. 

In the final section, you will improve this program in a very impor¬ 
tant way. When it was a coin-tossing program, it could handle only two 
possible cases: heads or tails. When you changed it to a die-rolling pro¬ 
gram, it could handle exactly six possible cases. How would you make 
the program handle any number of cases? What if the die had eight sides? 
Twelve sides? What if there were two dice to roll? In each one of these 
cases, you would have to do a lot of rewriting to handle the new situa¬ 
tion. The program would be better if these changes were easy to make. 
That is the important improvement that lies ahead. 

Let's look at the current version of your program. If the following 
lines are not in your computer, enter them now: 

100 'PROGRAM DICE 

105 RANDOMIZE 1 28*INP(64) + I NP(84) 

110 GOSUB 200 'HOW MANY 

120 GOSUB 400 'ROLL DICE 

125 GOSUB 800 'OUTPUT 

130 END 

190 / 

200 'SUB HOW MANY 

210 CLS 

220 PRINT "HOW MANY ROLLS" 

230 INPUT N 

240 CLS 

380 RETURN 

390 / 

400 'SUB ROLL DICE 

405 GOSUB 500 'INITIALIZATION 

410 FOR COUNT = 1 TO N 

420 GOSUB 800 'ONE ROLL 

430 NEXT COUNT 

480 RETURN 

490 / 
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500 'SUB INITIALIZATION 
510 READ Cl * C2 t C3 t C4 t C5 t CS 
520 DATA 0 # 0 , 0 0 * 0 f 0 
580 RETURN 
590 / 

- 

800 'SUB ONE ROLL 
810 LET R ='INT(S * RND) + 1 
820 ' CASE 
630 IF R = i THEN LET Cl = Cl + 1 
840 IF R = 2 THEN LET C2 = C2 + 1 
650 IF R = 3 THEN LET C3 = C3 + 1 
660 IF R = U THEN LET C4 = C4 + 1 
670 IF R = 5 THEN LET C5 = C5 + 1 
680 IF R = G THEN LET CS = CS + 1 
600 ' END CASE 
780 RETURN 
780 / 

800 ' SUB OUTPUT 
810 PRINT 
820 PRINT "ONES 5 Cl 
830 PRINT "TWOS 5 C2 
840 PRINT "THREES =" ? C3 
850 PRINT "FOURS =" 5 C4 
860 PRINT "FIVES =" ? C5 
870 PRINT "SIXES =" 5 CS 
980 RETURN 

What parts of program DICE would you need to change if the die 
had 12 sides instead of 6? The answer is simple: You would have to 
change all the subroutines that use counter variables C 1, C2, and so on. 
Those are subroutines INITIALIZATION, ONE ROLL, and OUTPUT. 
What changes would you have to make? The answer is again simple: 
First, you would need 12 counter variables. Second, you would need 
random numbers from 1 to 12. Third, the body of the last two subrou¬ 
tines would become twice as long. 

There ought to be a simpler way to do this. Fortunately, there is. As a 
rule, whenever you see a long list of similar statements in a program, there is a 
simpler way to write the program. Program DICE has several such lists. 

Notice that the counter variables appear in each of these repeated 
statements. That is the clue to the change you need to make. Instead of 
having a separate statement for each counter, it would be simpler to 
have one statement that did the same job for all counters. You already 
know how to do that: Use an array variable for the counters. 
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Let's call the array C. Then C( 1 ) will take the place of Cl, the 
counter for the number of times that a 1 was rolled. C ( 2 ) will replace 
CZ. C ( 3 ) will replace C3, and so on. Let's make these changes now in 
subroutine INITIALIZATION. The new version should look like this: 

500 'SUB INITIALIZATION 
510 DIM C(50) 
520 LET NUM = 6 
530 FOR J = 1 TO NUM 
540 LET C(J) = 0 
550 NEXT J 
580 RETURN 

Line 510 sets aside space in memory for up to 50 counters. Line 520 
defines the number of counters actually needed for the problem of a 
single die. Later, it will be easy to change that number to something 
else. The loop in lines 530 through 550 tells the computer to set all 
counters, from C ( 1 ) through C < NUM ), equal to zero. 

Enter the new subroutine body shown above. Debug it by entering 
GOSUB 500 in the immediate mode. 

Now let's make the changes we need in subroutine ONE ROLL. List 
this subroutine on your screen. Think about what needs to be done. 
How can the new array variable be used here? 

The first thing you might think of is to just substitute C ( 1 ) for C1, 
C ( 2 ) for C2, and so on. If you did that, the case block would look like 
this: 

620 ' CASE 
630 IF R = 1 THEN LET cm = C ( 1 ) + 1 
640 IF R = THEN LET C (2) = C ( 2 ) + 1 
650 IF R = 3 THEN LET C (3) = C ( 3 ) + 1 
660 IF R = a THEN LET C (4) = C ( 4 ) + 1 
670 IF R = 5 THEN LET C (5) = C ( 5 ) + 1 
680 IF R = 6 THEN LET C ( 6) = C ( 6 ) + 1 
6S0 ' END CASE 

That would work, but it would not solve our problem. We would still 
need a separate statement for each counter. Suppose we wanted to add 
counters for another problem. In that case, we would have to enter extra 

statements. 
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Look at the case block closely. There is a wonderful way to simplify 
it. The whole block can be replaced by a single statement! Stop for a 
minute and think about how you might do that. 

Notice that the variable R tells the computer which of the six assign¬ 
ment statements to perform. If R is 1, the first is performed. If R is 2, the 
second is performed, and so on. Notice also that in every one of the six 
statements, the value of R is the same as the subscript of C. What if we 
simply wrote the single statement 

620 LET C(R) = C(R) + 1 

instead of the whole case block? Would that do the job? 

The answer is yes. Let's look more closely. Suppose the value of R is 
4. Then this statement says to add i to C ( 4 ). But that is exactly what 
the case block said to do. The same is true for any value of R. Moreover, 
we do not have to add any extra statements if we later decide to add 
more counters: Even if R is bigger than 6, the new statement continues 
to work. 

Replace your case block with the new statement, as shown below: 

Now line 610 generates random numbers from 1 to N U M. Notice 
that you have used an array variable to replace a whole block of statements. 
Remember that we said at the beginning of this session that arrays and 
branches are connected. Now you can see how. You can often simplify 
the structure of a program by choosing variables carefully. Using array 
variables is especially helpful whenever you have lists of things. In the 
present example, you have a list of counters. 

The last change needed is in subroutine OUTPUT. List subroutine 
OUTPUT, which begins at line 800. Think about how to change it so 
that it uses the new array. 

As with the INITIALIZATION subroutine, you will need a loop to 
tell the computer to print the values of each of the counters. The loop 
will replace the six PR I N1 statements. At the top of the next page you 
can see one way to make the changes. 
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800 ' SUB OUTPUT 
810 PRINT 
820 FOR J = 1 TO NUM 
830 PRINT J5 " 'S =H5 C<J) 
840 NEXT J 
980 RETURN 

The loop in lines 820 through 840 tells the computer to repeat the 
PRINT statement for values of J from 1 through NUM. Remember that 
NUM was defined in subroutine INITIALIZATION. When J is 1, the 
PRINT statement tells the computer to print the label 1 ' S = followed 
on the same line by the value of counter 0(1). When J is 2, the com¬ 
puter prints 2 ' S = followed by the value of counter 0(2), and so on. 

Run the program. Fix any errors. Run it a few more times. 
After you have made all these changes, your program should be 

working properly again. It is shorter and simpler now. However, it 
should be doing the same job as before: It should be simulating the roll 
of a single die. The big difference between the old version and the new is 
that the new version is very, very easy to change. You will see this now. 

Suppose you are using a 12-sided die, such as you find in some 
fantasy games. You need to change only one line of your program to 
handle this problem. You need to change the number of counters from 6 
to 12. In your program, the variable NUM tells the computer how many 
counters to use. NUM is defined in line 520. Change this line as shown 
below. Run the new version of DICE a few times. 

520 LET NUM = 12 

That was easy. Now let's do something else that is easy and a lot 
more interesting. Suppose you want to simulate the roll of two dice at 
once, as in most board games. In this case, the roll is the sum of the 
numbers on the top faces of the dice. So the total can go from 2 up 
through 12. 

What changes need to be made this time? The value of NUM is OK for 
this problem. But we do not yet have a way to tell the computer to roll 
two dice and add the results. What subroutine do we need to change? If 
you guessed ONE ROLL, you are right. At the top of the next page is the 
new version of this subroutine. 
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G00 'SUB ONE ROLL 
610 LET R = INT(6 * RND) + 1 
615 LET R = R + INT(6 * RND) + 1 
B20 LET C(R> = C(R) + 1 
780 RETURN 

Line 6 1 0 is the "roll" of one "die/' Line 615 tells the computer to add 
that number to the "roll" of the second "die." After the computer per¬ 
forms both lines, the value of R is the sum of the two "rolls." 

Make the changes in lines 610 and 615 in subroutine ONE ROLL. 
Run the program a few times. Notice that there are a lot more 7s than 
2s. 

This simulation is much more interesting than the others. It gives 
you a way of experimenting with complex chance events. That way, you 
can learn how they work. The program can be used for a two-sided die 
(a coin). It can also be used for several many-sided dice. The reason the 
program is very flexible is that you wrote the final version using array 
variables. Here is what your program should look like now: 

100 'PROGRAM DICE 
105 RANDOMIZE 1 28*IN P(64) + IN P(64) 
110 GOSUB 200 'HOW MANY 
120 GOSUB 400 'ROLL DICE 
125 GOSUB 800 'OUTPUT 
130 END 
190 / 

200 'SUB HOW MANY 
210 CLS 
220 PRINT "HOW MANY ROLLS" 
230 INPUT N 
240 CLS 
380 RETURN 
390 / 

400 'SUB ROLL DICE 
405 GOSUB 500 ' INITIALIZATION 
410 FOR COUNT = 1 TO N 
420 GOSUB 600 'ONE ROLL 
430 NEXT COUNT 
480 RETURN 
490 ' 
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500 ' SUB INITIALIZATION 
510 DIM 0(50) 
520 LET NUM = 12 
530 FOR J = 1 TO NUM 
540 LET C(J) = 0 
550 NEXT J 
580 RETURN 
590 / 

800 'SUB ONE ROLL 
610 LET R = INT(6 * RND) + 1 
815 LET R = R + I NT(8 * RND) 
620 LET C(R) = C(R) + 1 
780 RETURN 
780 / 

800 'SUB OUTPUT 
810 PRINT 
820 FOR J = 1 TO NUM 
830 PRINT J 5 "'S = " 5 C( J) 
840 NEXT J 
980 RETURN 

6. What kind of program block is the body of subroutine 
ONE ROLL? 

7. What kind of program blocks are in the body of subroutine 
OUTPUT? 
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PROJECTS 
You can make the program tell the computer to print a bar graph of 

the results. The first step is to define a string filled with whatever 

symbol you want to use for the bars. Then use the MID$ function to 

return a substring. The length of the substring should be equal to the 

value of the counter that you want to graph. Here is such a version 
of the OUTPUT subroutine: 

800 'SUB OUTPUT 
805 LET BAR$ = *********I*********j*****####j ***7 ii 

810 PRINT 
820 FOR J = 1 TO NUM 
830 

840 

880 

PRINT j; 

NEXT J 

RETURN 

MID$(BAR$t 1 , C(J)) 

Make these changes and run the program again. Notice that the bars 

thantn0M T ntany Tg6r tha" BAR$ itSelf' “ the C0unters are bi§ger thar 
hat, MID* * simply returns BAR* as the result. The question mark at 

the end of the string warns that the count may be bigger than 
shown. 00 

There is a slight problem with your bar graph: The bars for 0 

through 9 start to the left of the later bars. To fix that problem, you 
need to know about the TAB feature of the PRINT statement 
Change line 830 to this: 

830 PRINT J? TAB(5)5 MID$(BAR$, 1, C(J)) 

Then rerun the program. TAB ( 5 ) tells the computer that the next 

output should begin in position 5 on the screen. Position 1 is the left 

side of the screen, and position 40 is the right side. In PCjr BASIC 
you may not type a space after the word TAB. 

Use program DICE to experiment with three dice. Don't forget to 

use^FnwJp'T i°^ NUfl N°W ^ Wi‘h fiVe diCe- Y0U want ‘o 
use a FOR/NEaT loop to sum the rolls on all the separate dice. That 
way, you can make the number of dice another variable. 

In this session, you have seen that b 

• rr V choosing the right variables, you car 
imphfy the structure of a program. By using an array variable, > 

were a e o replace an entire case block and many repetitive 
statements. r 
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Where Do You Go from Here? 

A Backward Look 
If you have come this far, you have come a long way. Your reading and 

hands-on explorations have introduced you to the main ideas of com¬ 

puting. You have used the BASIC language on the PC/r, but the things 

you have learned apply to any programming language on any com¬ 

puter. 

In Part One, you learned the "survival skills" anyone needs for work 

with computers. You learned how to turn on the computer, operate the 

keyboard, enter a program, edit it, save it, and load it back into memory. 

Along the way, you began to get a picture of what goes on inside the 

computer when you are doing these things. At the end of Part One, you 

explored graphics and music on the PC/r. 

Part Two introduced you to the "top-down" method of solving prob¬ 

lems on the computer. You learned how to put the big ideas in the main 

routine of your program. You wrote the main routine in a mixture of 

English and BASIC. Then you translated the English phrases into 

BASIC. To avoid getting bogged down in details, you often used GOSUB 

statements. Then you used the same method to write each subroutine. 

The result was a program that was easy to read, easy to get right, and 

easy to change. 

In Part Three, you learned about the most important idea in pro¬ 

gramming languages: the variable. By using names to stand for the ac¬ 

tual data, you could write a new kind of program. It told the computer to 

accept data as input from the user, to process the data, and to give the 

results as output. The same program, without any change, worked suc¬ 

cessfully with different data each time you ran it. 

Parts Four and Five introduced you to "structured programming." 

You learned a standard way to write action blocks, loop blocks, and 

branch blocks in BASIC. You saw that one block could be nested inside 

another to solve complicated problems. Finally, you applied loop and 

branch blocks in several fairly long programs. 

In Part Six, you learned about array variables. These are also called 

subscripted variables. They allow you to simplify programs that deal 

with lists of similar data, such as the names of students in a class, or 

their grades. Arrays are the only practical solution when the lists are 

long or when the length of the list can vary. 

These six parts have introduced all the essential programming tools 

you will need to solve problems on the computer. You are now well 

equipped to begin tackling problems on your own. You know how to tell 

the computer to do what you want it to do. 
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What's Left? 

The next step is to apply what you have learned. Think of a problem you 
would like to solve. Think of a program you would like to write. Think 
of a graphics or musical effect you would like to create. Then go to work. 
Use the tools you have learned. 

Before long, you will discover a need to know more than you know 
now. You may want to explore other features of the PCjr, such as the 
nch variety of text and graphics modes. You may have a problem that 
cries out for a BASIC function you haven't learned about in this book. 

ou may want to put the output from one program into a diskette file so 
another program can use the data as input. You may need to know a 
particular programming technique, such as how to sort a list of names in 
alphabetic order, or how to shuffle a list of numbers. 

As these needs arise, you must look in other places for help and 
guidance. The paragraphs below offer a few suggestions about places to 

Special PCjr features. Chapters 3 and 4 of the BASIC reference book 
are your mam source of information. To explore graphics further, begin 
y reading about the DRAW statement. Then read about CIRCLE and 

P» I NT. To explore other text and graphic, modes, read (and relead)"e 
description of the SCREEN statement. Then read (and reread) the de¬ 
scription of the COLOR statement. If you want to write programs for use 
with a joystick, read about the STICK and STRIG functions If Vou 
need to work with numbers with more than seven-digit precision, read 
in Chapter 3 about double-precision numbers. If you want to write pro¬ 
grams to draw graphs of data, read about WINDOW and VIEW. If you 
want output to go to a printer, read about L P RI N T. 

More functions. You have used only seven of the five dozen func- 
10ns in jr BASIC. Your best approach is to browse through the list of 
unctions at the end of this book. If you see one that looks useful, go to 

Chapter 4 of the BASIC reference book and read more about it. Here are 
a tew functions you will probably need soon: CHR$ and ASC, STR* and 
dAL, I NSTR$, TIMER, and CINT. 

Using data files. If you write applications that use large amounts of 

4 of'ih°U/?Tc Tanh t0 lear" about data files- Begin by reading in Chapter 
4 of the- BASIC reference book about the WRITE and INPUT# state¬ 
ments. You will also have to use the OPEN and CLOSE statements in the 
irs form shown There are more advanced file statements (FIELD . 

PU I, and GET), but you should master these simple ones first. 

Programming techniques. People who do a lot of programming 
learn standard ways of solving problems that come up again and again 
These ways are called algorithms. There are algorithms for sorting 
ists of data, shuffling lists, searching lists for one item, and doing many 
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other tasks. Programmers also learn standard ways to organize data so 

that the programming job is easy. These are called data structures. 
The best place to learn about algorithms and data structures is from an 

advanced programming textbook. Go to a bookstore that has many com¬ 

puter books. Pick out one or two BASIC books that stress applications, 

not just the grammar of BASIC. Such books will contain long programs 

for solving serious problems. Read carefully and apply what you read. 

Last Words 

There is much to be learned from books about computers. In the end, 

however, a computer is like the world around us: It is what it does, not 

necessarily what we or others say about it. You can learn a lot by explor¬ 

ing, observing carefully, and coming up with your own ideas and pro¬ 

grams. Like an English composition, a computer program is a personal 

expression of a thought or a feeling. We hope you will enjoy having this 

new way to think about things and to express your own ideas. 
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ANSWERS 

PART ONE 

Session 1 

1. If the second line of the sign-on message 

you are using Cassette BASIC. If the line 

you are using Cartridge BASIC. 

2. With the (Alt 1 Ctrl 1~H keys. 

3. If the second line of the sign-on message 

you are using Cassette BASIC. If the line 

you are using Cartridge BASIC. 

4. With the (Alt 1 Ctrl |—4 keys. 

5. With the [Backspace] key. 

6. With the (Esc) key. 
7. Press the (Enter ) key. 

begins with 

begins with 

begins with 

begins with 

Me rsion 
d e r s i o n 

U e r s i o n 
U e r s i o n 

C, 

J, 

C, 
J, 

Session 2 

1. To clear the screen. 

2. The [Enter key. 

3. The computer erases the line you are typing. 

4. The cursor is on the screen. 

5. Press the (Backspace] key until all errors have been removed. Then 

retype the rest of the line. 

6. To sound a short tone. 

7. Tells the computer the frequency (pitch) of the sound. 

8. Tells the computer the duration (length) of the sound. 

9. In text mode, the cursor is a flashing underline. In medium-resolu¬ 

tion graphics mode, the cursor is a solid square. In high-resolution 

graphics, the cursor is tall and narrow. 

10. Switch to the medium-resolution graphics display mode. 

11. Set the background color to red. 

12. Print the word HELLO on the screen. 

13. To divide the number on the left by the number on the right. 

Session 3 

1. The line number and the statement. 

2. Print on the screen the lines of the program in the computer. 

3. Perform the statements in the program, beginning with the first 

statement. 

4. CLS 
5. Erase the program from the computer. 
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6. Use a line number of 130, for example. 
7. Type the number 50 and press the (Enter key. 
8. The new line takes the place of the old line. 

9. Renumber the lines in a program. The first line will be numbered 
500. The rest will be spaced 10 apart. 

Session 4 

1. To get information into the computer. 
2. To receive information from the computer. 
3. To store information inside the computer. 
4. Type a line number and then the statement. 
5. The line numbers. 

6. It tells the computer which line to perform next. 
7. It is waiting for input if the cursor is on. 
8. Type LIST and look at the screen. 

9. They are alike because they both tell the computer to erase informa¬ 
tion. NEW tells the computer to erase the program in memory. CLS 
tells the computer to erase the letters on the screen. 

Session 5 

1. The black plug is connected to the EAR socket. The red plug is 
connected to the AUX socket. 

2. Leave it disconnected. 
3. The RECORD and PLAY keys. 
4. The SAME command. 
5. The LOAD command. 
6. The PLAY key. 

7. Anything from 1 to 8 characters long. It is a good idea to use only 
letters and numbers in file names. 

8. Rewind the tape. Then ask the computer to load a file you know is 
not on the tape. Watch the screen and read the name of each file as 
it appears. 

Session 6 

1. To put special magnetic marks on a diskette so the computer can 
both store information on it and read information from it. 

2. At the system level, the computer displays A > on the screen. In 
BASIC, the computer displays OK on the screen. 

3. Write on the screen the names of all the files on the diskette in the 
diskette drive. 

4. Type SAME "RECORD". 
5. Type LOAD "RECORD1'. 
6. Type KILL " RECORD ♦ BAS ". 
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Session 7 
1. To plot a point on the screen. 
2. Type PSET (319 > 0). 
3. ( 1G0 > 100) 
4. PRESET 
5. To draw a line on the screen from one point to another. 
6. Tells what two lines to draw a line between. 
7. Type EDIT 340. 
8. To move the cursor to the end of the line. 
9. Press and release the (Fn) key first. Then press and release the f~P) 

key. 
10. Press the (Enter key. 
11. Cyan, magenta, and white. 
12. Use the EDIT command to call up the line. Move the cursor to the 

place you want to insert. Press the fins] key. Then type the new 
characters. Press an arrow key or (Enter^) to leave insert mode. 

13. Use the EDIT command to call up the line. Move the cursor to the 
character you want to delete. Press the fDei] key. 

14. Type EDIT 50. The cursor is at the 5 in 50. Type 6 and then press 
the (Enter key. 

15. You get an Illegal function call message. 

Session 8 
1. F + 
2. There is no note named H. 
3. Octave 4 
4. 04 or > 
5. P8 
6. In octave 3, play a whole note C, a half note D, a quarter note E, and 

an eighth note F. 
7. PLAY "02 CIS D1S E1G FIG GIG A1G BIG > CIS" 
8. PLAY "ML T80" 
9. Play staccato in octave 2 with a tempo of 180 quarter-note beats per 

minute. 

PART TWO 
Session 9 

1. A RETURN statement. 
2. With either the RUN command or the GOSUB statement. 
3. A remark statement. 
4. REM 
5. With either the CLS statement or the (Ctrl | Home) function. 
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6. The (End) function moves the cursor to the end of the line. The 
(Ctrl 1 End) function deletes characters to the end of the line. 

7. The friend probably forgot to press the (Enter key after editing the 
line. 

Session 10 
1. PLAY "MF" 

2. You will get a Sv n t an error message because the PLAY state¬ 
ment does not exist in Cassette BASIC. 

3. Lines 1 105, 11 10, 1 120, and 1 130. 
4. To make it clear that it is the body of the subroutine. 
5. To make it easier to see the subroutines as separate program blocks. 
6. LIST -375 
7. LIST 440- 
8. LIST 240-425 

9. The statements (mainly GO SUB) between the opening remark state¬ 
ment and the END statement. 

10. A remark statement. 
11. An END statement. 

Session 11 
1. A subroutine. 
2. A GO SUB statement. 

3. The order of the GOSUB statements to the two subroutines. 
4. A remark statement. 
5. An END statement. 

6. Because the subroutines will not be performed unless there are 
GOSUB statements in the main routine. 

7. It tells the computer to return to the statement after the GOSUB that 
sent the computer to that subroutine. 

8. To make it easy to see where the body begins and ends. 
9. To separate routines from one another. 

10. Breaking down complicated problems into simpler parts. Thinking 
about the main ideas first, and putting off the details until later. 

11. It makes you think about what the whole program is supposed to 
do. It keeps you from getting bogged down in details. 

Session 12 

1. To conclude the main routine and tell the computer to stop perform¬ 
ing statements. 

2. The computer will "fall into" a subroutine without being sent there 
by a G 0 S U B statement. The computer will perform the body of the 
subroutine, but at the RETURN statement it will print the message 
RETURN without GOSUB. 
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3. It tells the computer to return to the statement after the GO SUB that 
sent the computer to that subroutine. 

4. It "falls into" the next subroutine, if there is one in the program. 
Otherwise, the computer stops performing the program. Either 
way, there is no error message. 

5. No. 
6. Nothing. The computer will never see the second RETURN. 
7. It tells the computer to go to a subroutine from the main routine (or 

possibly from another subroutine). 
8. The action described in the subroutine is not performed when the 

program is run. 
9. No. 

10. It is a subroutine that is performed by a GO SUB statement in an¬ 
other subroutine. 

11. The computer would never reach the main routine. Instead, it 
would perform the first subroutine without being sent there by a 
GOSUB statement. The result would be a RETURN without 
GO SUB error message. 

12. Yes. 
13. The computer reports an Out of memo ry error message. 

Session 13 
1. The Marine Hymn: "From the Halls of Montezuma." "Old MacDon¬ 

ald Had a Farm." 
2. A-B-A-C. "The Battle Hymn of the Republic" has this form too. 
3. Because both phrases in the B-part of "Twinkle, Twinkle" are exactly 

the same. 
4. No. Only those in which both phrases of the B-part are the same. If 

the two phrases are different, you would have to add a PHRASE B2 
subroutine. 

5. By using a GOSUB statement in the immediate mode. 
6. Because you can limit the errors you find to the few lines in the body 

of the subroutine. 

PART THREE 

Session 14 
1. Because the LET statements changed what YEAR stood for each 

time you used the PRINT YEAR statement. 
2. Zero. 
3. Let the name DAY$ stand for the word BIRTHDAY. 
4. The empty string. 
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5. When you tried to assign a string value to a numeric variable or the 
other way around. 

6. String-variable names end with $. 

7. Numeric constants are numbers. String constants are characters in¬ 
side quotation marks. 

8. A letter of the alphabet. 

9. ZX does not begin with a letter. X* has a character that is neither a 
letter nor a number. NEW is a reserved word in PCjr BASIC. 

10. 0 
11. The two LET statements in lines 20 and 40. 

Session 15 
1. String and numeric. 

2. a. The name is X, the type is numeric, and the value is the number 5. 
b. The name is A$, the type is string, and the value is the word 
DOG. 

c. The name is Z $, the type is string, and the value is the character 2. 
d. The name is P, the type is numeric, and the value is the number 
-3. 

3. a. FRED is legal. 
b. A3 is legal. 

c. 3 A is illegal because the name does not begin with a letter. 
d. BEEP is illegal because it is a reserved word. 
e. $C is illegal because the name does not begin with a letter. 
/. 2 7 is illegal because the name does not begin with a letter. 

4. LET A = “PUPPY" and LET N$ = 3,14. 

5. All string variables are assigned the empty string. All numeric varia¬ 
bles are assigned 0. 

6. The number 2010 would be printed on the screen, since that is the 
number in the YEAR box in memory when the program ends. 

7. Zero, since that is the number in the YEAR box in memory when 
line 1 0 is performed. After that, line 20 tells the computer to put 
2000 there. 

8. COW. Line 2 0 tells the computer to erase HORSE from the X $ box in 
memory and to write COW in the box. Then line 30 tells the com¬ 
puter to print whatever is in the X $ box, which is COW. 

9. HORSE. Line 1 0 says to put HORSE in the X$ box. Line 20 says to 
make a copy of HORSE and put the copy in the Y$ box. Line 30 
says to print whatever is in the Y$ box, which is HORSE. 

10. Because when you enter RUN, the computer writes 0 in all the boxes 
that hold numeric variables. 

11. After line 1 0, P contains 7, 0 contains 0. After line 20, P contains 
7, Q contains 1 1. After line 30, P contains 11,0 contains 1 1. 
After line 40, P contains 11,0 contains 1 1. 
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Session 16 
1. The computer puts the data in standard print zones, 14 characters 

wide. 
2. The computer prints the data with no extra spaces between items. 

(When numbers are printed, the computer puts one space or a 
minus sign before the number and one space after the number.) 

3. The LET statements in lines 20 and 30. 
4. It tells the computer to add the number on the left to the number on 

the right. 
5. Get copies of the numbers stored in the locations named P and 0, 

add them together, and put the sum in the location named R, eras¬ 
ing whatever was in R before. 

6. Stop the program, print a ? on the screen, and wait for data to be 
entered at the keyboard. When the data are entered, put them in 
memory in places with the same name as the variables in the 
INPUT statement. 

7. Because the program will now work for any values of P and Q. 
8. A message is printed on the screen telling the user what to to. 
9. It prints the message ? R e d o from start. 

10. It prints the message ? R e d o from start. 

Session 17 
1. To separate items to be printed and control the spacing of output. 
2. +, -, *, and / 
3. To join (or concatenate) the strings together. 
4. An expression is anything that has a value. This includes constants, 

variables, and combinations of these with operators. 
5. Anywhere it is legal to write a constant in a BASIC statement. 
6. On the left side of the equal sign in LET statements and in INPUT 

statements. (Later, you will learn about the FOR and NEXT state¬ 
ments, which also need a variable name.) 

7. For processing data. 
8. Yes. The INPUT statement causes a ? to be printed on the screen. 
9. The number is put into the memory location named X. 

10. Line 20 has the effect of writing CAT in the A$ box in memory, 
erasing DOG from the box. 

Session 18 
1. Use 523 for the frequency of the note. Use 1 0 for the duration of 

the note. 
2. Because the duration in all the note subroutines is a constant. 
3. To have a silence with duration 1. 
4. Because now, the length of the notes can be changed by changing 

the value of the variable DURATION. 
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5. Change line 1 1 30 to print the value of a string variable rather than 
the string constant "RE". 

6. The duration would be 20. 
7. The value of DURATION would be zero, so they would not be 

played at all. 
8. Line 115. 
9. 117 LET NOTES = N0TE4 / 2 

10. Each note will sound for a length of 14. The silence will have a 
length of 2. 

11. No. The DURATION value controls the tempo. The HOLD value 
controls the fraction of a beat that the note is actually sounded. 

PART FOUR 

Session 19 
1. To move the line pointer to some statement in the program. 
2. The computer prints an Un d e f i n e d line n urn be r error mes¬ 

sage. 
3. If the first statement is in line 100, put a GOTO 100 statement at 

the end of the program. 
4. Both the (Pause) function and the (Break) function stop a running 

program. After the (Pause) function, you can restart the program by 
pressing any of the symbol keys. After the (Break)function, you can 
restart the program with the C 0 N T command or you can enter any 
other command or program lines you want. 

5. Use the (Break) function. 
6. If the program was stopped with the (Pause) function, press any key 

in the symbol group. If the program was stopped with the (Break) 
function, type CONT. 

7. Use the PRINT statement in the immediate mode. 
8. 50. This statement tells the computer to find the value of the right 

side and assign it to the variable on the left side of the equal sign. 
Since the A-box at first has 5 in it, the right side is equal to 50. This 
number then goes back into the A-box. 

9. To make it easy to see the body of the loop. The statements there are 
the ones to be performed again and again. 

10. Documentation is material written about a program. A remark in a 
program is an example of documentation. Its purpose is to make the 
program easier to read and understand. 

11. That the number after the word GOTO must be the same as the line 
number of the remark statement at the end of the jump arrow. 
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Session 20 
1. The empty string. 
2. One assignment and two outputs. 
3. Get the value of A$ from the A$-box. Join the string-> to the 

value of A$. Put the new value back in the A$-box. 
4. 1 
5. An output and an assignment. 
6. Get the value of P from the P-box. Multiply the value by 1 0. Then 

put the new value back in the P-box. 
7. 10000000 
8. A 1 followed by seven 0s, or 10000000. 
9. That the decimal point should be moved 37 places to the right. 

10. 1 , 3E + 09 
11. About 1 ♦ 7E + 38. 
12. 0,0001 
13. 2 ♦ 938736E-39 
14. Left to right. 
15. Multiplication. 
16. Division. 
17. Put the operation inside parentheses. 
18. 1E + 09 
19. 123,459 
20. Because it would require an infinite number of digits. There is a 

maximum number of digits that can be stored in a memory box. 
21. 14 

Session 21 
1. A remark statement should be both at the beginning and the end of 

a loop block. 
2. The I F statement. 
3. The first "do something" always gets done at least once. The second 

"do something" may or may not get done, depending on the exit 
condition. 

4. Here is the BASIC version of the instructions: 

check egg whites 

I F egg whites are stiff THEN 

beat egg whites one minute 

GOTO _ 
END LOOP 
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5. Here is another example: 

_ 'LOOP 

- weigh yourself 

- IF down to right weight THEN 

- diet for a week 

- GOTO_—-— 
- 'END LOOP 

Session 22 

1. Find the length of P$ measured in characters. 
2. 10 
3. It takes a piece out of a string. 
4. The letter 0. 
5. PART 

6. It drops everything after the decimal point. 

7. The answer to question 6 is not quite right. If X is not already a 
whole number, I N T ( X ) tells the computer to find the first whole 
number less than the value of X. 

8. 153 
9. -154 

10. Takes the square root of a number. 
11. S 

12. It prints an Illegal function call error message. 
13. If the number ABS works on is positive, the function does nothing. 

If the number is negative, ABS changes the sign so that the number 
is positive. 

14. 76,23 
15. 346,92 

16. They are alike because both get input from the keyboard. They are 
different because INPUT stops the program for input while 
INKEY$ does not. 

17. A one-character string. The character is the same as the key that is 
pressed. 

18. A number just less than 1. 
19. A number just greater than 0. 
20. None that was obvious. 
21. 39 
22. 0 

23. Whole numbers from 0 to 39 are generated at random and printed 
on the screen. 
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24. 6 
25. -2 5 4 
26. Both a function and a subroutine tell the computer to carry out the 

steps of a process. The difference is that a function returns a value, 
but a subroutine does not. 

27. A variable is a place in memory. A function is a process that pro¬ 
duces a result. 

Session 23 
1. The first line should read LET 0 = 0. The third line should read 

IF C > 1000 THEN. 

2. The fifth line should read LET 0 = 0 + 2. 
3. 101 
4. F 
5. The statement in line 130. 
6. 0 > L 
7. The statement in line 170. 
8. The statements in lines 130, 140, and 150. 
9. The statements in lines 170, 180, and 190. 

10. It is the first value of 0 that is greater than L. 
11. Because the program counts by 1, and 1 1 is the first value of 0 

greater than 1 0. 
12. How much to add to the loop variable each time around the loop. 
13. Change the statement in line 170 to read LET 0 = 0+ 10. 
14. To decrease the value of the loop variable each time around the loop. 
15. It is the first value of 0 less than the value of L. 
16. Before starting the loop. 
17. No. 

Session 24 
1. The empty string. 
2. The simple version allows you to check the major routines in your 

program and make sure they work correctly. If problems come up 
later, you will know that they come from the new changes you 
make. 

3. All the dots would be in the upper left-hand corner, since X 1 and 
Y 1 would always be numbers less than 1. 

4. That you may not use PSET on the text screen. 
5. To draw a line from the previous point drawn to the point 

( 0 f 199). This is the lower left-hand corner of the screen. 
6. Two numbers are needed for the coordinates of one end of the line. 

Two more are needed for the other end. 
7. If this condition is true, the computer is sent back to the beginning 

of the loop. 

393 



8. Line 840. The condition KY$= “ " will be false, so the computer 
simply goes to the next statement after the I F statement. 

9. B means to draw the outline of a box. BF means to draw a box filled 
with a solid color. 

10. Line 42G tells the computer to set C to be a number in the set 0, 1, 
2, and 3. Line G 1 0 uses the value of C for the color of the box. 

11. It tells whether to use the colors on palette 0 or on palette 1 for 
drawing points, lines, and solid colors. 

PART FIVE 

Session 25 
1. In the case of strings, > means "is later in the dictionary than." In 

the case of numbers, > means "is greater than." 
2. a. True b. False 

c. True d. True 
3. A condition with more than one comparison. 
4. a. True b. False 

c. True d. True 
5. Because in a loop block, something gets done again and again. But 

in a branch block, the computer either does one thing or another. 
6. In the branch block, the I F statement determines which of two "do 

somethings" to do. In the loop block, the I F statement tells when to 
exit from the loop. 

7. In the branch block, the GOTO statement tells the computer to skip 
the ELSE "do something" if it has performed the THEN "do some¬ 
thing." In the loop block, the GOTO statement at the end tells the 
computer to loop back to the beginning. 

8. The three remark statements mark the beginning of the THEN "do 
something," the ELSE "do something," and the end of the branch 
block. 

9. Here is the BASIC version: 

_ IF it's raining THEN_ELSE_ 
_ ' THEN 

_ go to a movie 

_ GOTO _ 
_ ' ELSE 

- go on a picnic 

_' END IF 

394 



10. Here is another example: 

_ IF it's a weekday THEN_ELSE_ 
_' THEN 

go to school 

_ GOTO _ 
_' ELSE 4— 

_ stay home 

___ ' END IF 4- 

Session 26 
1. To generate random numbers that will be used to simulate tossing a 

coin. 
2. You would expect to get about 500 HEADS. If the coin is fair, you 

would expect about as many HEADS as TAILS. 
3. An action block, a loop block, or a branch block; or a series of these 

blocks. 
4. When a "do something" in a branch or loop block is itself a branch 

or loop block. 

5. The statement should read 
425 IF HEADS = N OR COUNT = 1000 THEN 430 

6. A branch block, since this is an either-or situation. 
7. To cause a different set of random numbers to be generated each 

time the computer runs a program. 

Session 27 
1. It is not a new block. It is built by nesting one branch block inside 

another. 
2. The three possible actions (PRINT statements) are all indented the 

same amount. 
3. Line 430 will be performed if A $ = B $. Line 480 will be performed 

if A $ > B $. Line 510 will be performed if A $ < B $. 
4. 

_ IF you have a diskette drive THEN_ELSE- 
__' THEN 

_ read Session 6 
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5. This is the one-line form: 
_IF you have a diskette drive THEN read Session 6 

6. All of them. 
7. Because you want only one of the cases to be performed. 
8. It is a shortened form of a series of branch blocks. 

\ 

9. The case block is usually easier to read and write than the series of 
branch blocks. 

10. You must make sure that no two of the conditions in the case block 
overlap. 

11. The cases must be defined by a variable that can take on the values 
1, 2, 3, and so on. 

Session 28 
1. The computer still prints the letter on the screen. However, since all 

the case-block conditions are false, the program does not tally the 
letter as one of the vowels. 

2. It will not print a $. The reason is that K Y$ = “ $ “ is the exit condi¬ 
tion from the loop in subroutine PROCESS KEYS. The exit hap¬ 
pens before the PRINT statement. 

3. To set the vowel counter variables all equal to 0. 
4. Expand the case block in subroutine PROCESS KEYS. 

PART SIX 
Session 29 

1. Array variable names have two parts. The first part is an ordinary 
variable name. The second part is an expression written inside pa¬ 
rentheses. As an example, W$ is the name of an ordinary string 
variable. W$ ( 1 ) is the name of the first component of a string array 
variable. 

2. Y$< 14) 
3. To store a collection of information under a single name. 
4. "HARRY " . The computer first finds the value of J + 1, which is 2. 

Then it uses 2 as the number that goes between parentheses in the 
array variable name. 

5. It will round off the 1 ♦ 4 to 1. 
6. DIM tells the computer what the largest item number in a list can be. 
7. If item numbers are going to be greater than 1 0. 
8. Zero and all positive numbers. 
9. BROWN DOG 
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Session 30 
1. Array variables are useful when the computer must deal with collec¬ 

tions of data whose size is not known in advance. 
2. Subscripted variable. 
3. The terms subscript and item number have the same meaning. 
4. The maximum value of the subscript for the array. 
5. First, the computer converts 2* P to a number. Since the value of P 

is 5, 2* P is 10. Now the statement reads LET X ( 1 0 ) = 37. In the 
final step, the computer puts the number 3 7 into component num¬ 
ber 10 of the array variable X. 

6. The computer first evaluates the expression for the subscript of 
array X. Since the value of 0 is 3, the value of 0 - 1 is 2. So the 
statement becomes LET X ( 2 ) =0+1. Next, the computer evalu¬ 
ates the expression on the right. Since 0 is still 3, 0 + 1 is 4. So the 
statement becomes L E T X ( 2 ) = 4. In the final step, the computer 
assigns the value 4 to the array variable X ( 2 ). 

Session 31 
1. The READ and INPUT statements are alike in that they both assign 

values to variables. They are different in that the data values come 
from different locations. The READ statement gets data values from 
DATA statements. The INPUT statement gets data values from the 
keyboard. 

2. The computer pays no attention to the location of DATA statements. 
However, the computer does use the line-number order of the 
DATA statements to determine the order in which data items are 
read by READ statements. 

3. The data pointer is set to the first data item in the DATA statement 
with the lowest line number. 

4. The computer prints a Syntax error message. (A Type 
mismatch error message would be more informative, but it is not 
what you get.) 

5. Subroutine INITIALIZE would need several changes. The di¬ 
mension of the array variables would be changed from 4 to 8. The 
final value of the FOR loop would be changed from 4 to 8. Four 
more DATA statements containing four new sentences would be 
needed. Finally, subroutine SELECT PHRASES would be changed 
to generate random integers in the set 1 through 8. 

6. So that a different series of sentences would be generated each time 
the program is run. 

7. THE COW SWAM UNDER BANANAS 
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Session 32 

1. A branch block. 

2. To send the computer to a subroutine where the counting variables 
are initialized to zero. 

3. An action block. 

4. No two of the conditions in the I F statements overlap: Only one 
can be true at a time. 

5. An action block. 

6. Now it is an action block. Before, it contained a case block. The new 
line B20 replaced the entire case block. 

7. An action block (the first PRINT statement) followed by a loop 
block. 
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A Guide to BASIC for the IBM PCjr 
The tables on the following pages contain the names and descriptions of 
all commands, statements, and functions available in PC/r BASIC. 
Names preceded by an asterisk are available only in Cartridge BASIC. 
Names printed in boldface are used in this book. In many cases, the 
description is incomplete. The note "See BR" means that you should 
look in the BASIC reference book for more information. 

Commands 

Command Example_De scrip tion 

AUTO AUTO 1000 Generates line numbers auto¬ 
matically when entering 

statements. The line numbers 
begin at 1000 with steps of 

1 0. Use the (Break)function 
to turn AUTO off. 

AUTO 500 » 20 Generates line numbers be¬ 
ginning at 5 0 0 with steps of 
20. 

BLOAD BLOAD "GRAPH"* 0 Loads binary file GRAPH 

into memory with offset 0. 
See BR. 

BSAME BSAME "PICTURE" t 0 &H4000 Saves binary file PICTURE 

on the diskette with offset 0 

and length H4000. See BR. 

CHOIR CHOIR "XYZ" Changes the file directory to 
XYZ. See BR. 

CLEAR CLEAR Sets all numeric variables to 

zero and all string variables to 

empty. See BR. 

CONT CONT Restarts a program after the 
(Break) function or an error. 

DELETE DELETE 150-280 Deletes lines 150 through 

280 from the program in 
memory. 

DELETE -500 Deletes program lines from 

the beginning through line 
500. 

DELETE 475- Deletes program lines from 
4 7 5 to the end. 

EDIT EDIT 175 Displays line 175 for edit¬ 
ing. 

FILES FILES Displays the names of files on 
a diskette. See BR. 
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Commands (continued) 

Command Example_Description 

KILL KILL "TAXES,BAS" Deletes a diskette file named 

TAXES , BAS. See BR. 

LIST LIST 230-780 Displays lines 230 through 

7 8 0 of the program in mem¬ 

ory. 

LIST -5S0 Displays program lines from 

the beginning through line 

580. 

LIST 450 - Displays program lines from 

line 450 through the end. 

LLIST LLIST 230-780 The same as the LIST com¬ 

mand except the lines are sent 

to the printer rather than to 

the screen. 

LOAD LOAD "TAXES" Loads the file named 

TAXES * BAS from a disk¬ 

ette into memory. See BR. 

MERGE MERGE NUMBERS Merges the diskette file 

NUMBERS with the pro¬ 

gram currently in memory. 

MKDIR MKDIR "SALES" From the root directory, 

creates a sub-directory called 

SALES. See BR. 

NAME NAME "AB♦BAS" AS "XY.BAS" Changes the name of diskette 

file A B , B A S to X Y ♦ B A S. 

NEW NEW Deletes the program currently 

in memory, sets all numeric 

variables to zero, and sets all 

string variables to empty. 

RENUM RENUM Renumbers the entire pro¬ 

gram in memory. The first 

new line number is 1 0. Each 

line is 10 greater than the 

one before. 

RENUM 300 f f 5 Renumbers the entire pro¬ 

gram in memory. The first 

new line number is 300. 

Each line is 5 greater than the 

one before. 

RENUM 1000» 900 t 20 Renumbers the program in 

memory beginning with old 

line 900. The first new line 

number is 1000. Each line is 

20 greater than the one be¬ 

fore. 
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Commands (continued) 

Command Example Description 

PRESET RESET Closes all diskette files and 

clears the system buffer. See 
BR. 

"RMD I R RMDIR "SALES" Removes the directory named 

SALES from a diskette. See 
BR. 

RUN RUN 
Begins performing the pro¬ 

gram currently in memory. 

RUN 300 
Performs the program cur¬ 

rently in memory beginning 

at line 300. See BR. 

SAVE SAME "MILEAGE" Saves in diskette file 

MILEAGE 4 BAS the pro¬ 

gram currently in memory. 

"SYSTEM SYSTEM Exits from BASIC and returns 

to DOS. 

TROFF TROFF 
Turns line-number tracing off. 

TRON TRON 
Turns line-number tracing on. 

Statements 

Statement Example Description 

BEEP BEEP 

—---/ _ 

Causes the speaker to beep. 

CALL CALL 37 
Calls the machine-language 

subroutine at location 37 in 

memory. See BR. 

"CHAIN CHAIN "BOXES" 
Transfers control to a program 

named BOXES on the disk- 

ette in the drive. See BR. 

"CIRCLE CIRCLE (1S0 f 100) » 00 Draws a circle of radius S0 

centered at screen coordinates 

(160* 100). See BR. 
CLOSE CLOSE #1 

Closes the file and device as¬ 

sociated with file channel 1. 

See BR. 

CLS CLS 
Clears the screen. 

COLOR COLOR 14, 1 
In text mode, sets yellow for 

characters on a blue back- 

ground. In medium-resolu¬ 

tion graphics, sets the back¬ 

ground to yellow and the 

foreground to palette 1. See 
BR. 
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Statements (continued) 

Statement Example Description 

*C0M (n ) COM(1) Enables trapping of commu¬ 

nications activity to commu¬ 

nications adapter number 1. 

See ON C0M ( n ) state¬ 

ment. See BR. 

"COMMON COMMON A$ * X Passes the variables A$ and 

X to a chained program. See 

CHAIN. 

DATA DATA 5 t - 3 t "QUIT" Stores the constants to be as¬ 

signed to variables by a 

READ statement. 

"D ATE$ DATE$ "8/15/83" Sets the date to August 15, 
1983. 

DEF FN DEF FNA(R) 3*14*R#R Defines the function FNA to 

be the area of a circle of radius 

R. See BR. 

DEF SEG DEF SEG Sets the current segment of 

storage to the beginning of 

BASIC. See BR. 

DEF types DEFDBL L- P Declares that all variables 

beginning with the letters L, 

M, N, 0, or P are double-pre¬ 

cision variables. See BR. 

DEF USR DEF USR 24000 Specifies the starting address 

of a machine-language sub¬ 

routine that is later called 

by the USR function. See BR. 

DIM DIM X(12) * A$(24) Sets the maximum value of 

the subscript in arrays X and 

A$. 

"DR AN DRAN "U50 R50 D50 L50" Draws a box on the graphic 

screen. See BR. 

END END Stops performing the pro¬ 

gram. Closes all files and re¬ 

turns to the command level in 

BASIC. 

ERASE ERASE Bt NORD$ Erases the arrays B and 

M0RD$ from memory. 

ERROR ERROR 20 Simulates the occurrence of 

BASIC error number 2 0. See 

BR. 

"FIELD FIELD » 20 t AS N$ Allocates the first 20 posi¬ 

tions in the random file buffer 

to the string variable N $. See 

BR. 
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Statements (continued) 

Statement Example Description 

FOR FDR K = 1 TO 10 Opens a counting loop with a 

loop variable X to take on the 

whole-number values from 1 

to 10. See BR. 

*GET GET #2 , 3 (Files) Loads record number 

3 from file channel number 2 

into the random file buffer. 

See BR. 

* 
GET (50 ,50)-(90,100) , A (Graphics) Moves into array 

A a copy of all the points on 

the screen inside the rectangle 

with diagonal corners 

(50 ,50) and ( 9 0,100) 

See PUT. See BR. 

GOSUB GOSUB 1200 Performs the subroutine be¬ 

ginning in line 1200. 

GOTO GOTO 450 Moves the line pointer to line 

450 next. 

IF IF X > 3 THEN 525 If the condition X > 3 is 

true, moves the line pointer to 

line 52 5. Otherwise, per¬ 

forms the next line in the pro¬ 

gram. See BR. 

INPUT INPUT A , H$ Receives input from the key¬ 

board and assigns values to 

the variables A and W$. See 

BR. 

INPUT # INPUT #2, X Receives input over file chan¬ 

nel number 2 for the variable 
\/ 

KEY KEY OFF Erases the soft key values dis¬ 

played on the 25th line of the 

screen. See BR. 

*KEY ( n ) K E Y(12) ON Activates trapping of the 

) kev on the kevboard. 

See ON KEY statement. See 

BR. 

LET LET A $ = "AARDUARK" Assigns the string constant 

"AARDUARK" to the 

string variable A$. 

LINE LINE (40,50) - - (100,200) Draws a line on the graphics 

screen from screen coordi¬ 

nates (40,50) to 

( 100 ,200 ) . See BR. 
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Statements (continued) 

Statement Example Description 

LINE INPUT LINE INPUT A$ Reads a line from the key¬ 

board into the string variable 

A $. The computer ignores 

delimiters. See BR. 

LINE INPUT #1 > A$ Same as LINE INPUT 

except that the string is read 

from file channel number 1. 

LOCATE LOCATE 25t 10 Places the cursor in row 2 5 at 

column 1 0. 

LPRINT LPRINT X» Y Prints the values of X and Y 

on the printer. See BR. 

LPRINT USING F$ > X> Y Same as L P R I N T except the 

values of the variables X and 

Y are formatted using the in¬ 

structions in F$. See BR. 

LSET LSET A$ = X$ Moves data into a random file 

buffer. A$ is the name of a 

variable defined in a FIELD 

statement. X$ is a variable 

containing the data. See BR. 

M I D$ ( ) = MID $(A $ * 11)= "OHIO" Replaces four characters in 

the variable A$, beginning 

with character number 1 1, 

with the characters OHIO. 

MOTOR MOTOR Turns on the cassette recorder 

motor if it is off. Turns off the 

motor if it is on. See BR. 

NEXT NEXT X Marks the end of a loop 

begun by a F 0 R X state¬ 

ment. 

NOISE NOISE 4 f 10» 20 Generates white noise over 

the loudspeaker with a vol¬ 

ume of 1 0 and a duration of 

20 clock ticks. See BR. 

ON ON COM(2) GOSUB 200 Performs the subroutine be¬ 

ginning in line 200 as soon 

as information comes into 

communications buffer 2. 

ON ERROR GOTO 450 Jumps to line 450 when an 

error is detected. 

□ N N GOSUB 200 t 300 > 400 Performs the subroutine be¬ 

ginning in line 2 0 0 if N is 1. 

Performs the subroutine be¬ 

ginning in line 3 0 0 if N is 2, 

and so on. 
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Statements (continued) 

Statement Example Description 

□ PEN 

* 

OPTION 

OUT 

*PA I NT 

"PALETTE 

ON N GOTO 200 » 300 » 400 

ON KEY(11) GOSUB 1500 

ON PEN GOSUB 1000 

ON P L A Y(5) GOSUB 1000 

ON STRIG(2) GOSUB 3200 

ON TIMER (60) GOSUB 500 

OPEN "0"t #1f "DATA" 

OPEN "COM 1 ; " AS 1 

BASE OPTION BASE 1 

OUT 32 t 100 

PAINT (40 ,50) » 2 

PALETTE 1» 3 

PALETTE USING A(1) 

Jumps to line 200 next if N is 

1. Jumps to line 300 next if 

N is 2, and so on. 

Performs the subroutine be¬ 

ginning in line 1500 when¬ 

ever the ( r ) key is pressed. 

See BR. 

Performs the subroutine be¬ 

ginning in line 1000 when¬ 

ever the light pen is activated. 

Performs the subroutine be¬ 

ginning in line 1000 when¬ 

ever five or fewer notes are 

left in the background music 

buffer. See BR. 

Performs the subroutine be¬ 

ginning in line 3200 when¬ 

ever trigger B1 on the joy¬ 

sticks is pressed. See BR. 

Performs the subroutine be¬ 

ginning in line 5 0 0 G 0 sec¬ 

onds after the timer is turned 

on. See BR. 

Opens the file named DATA 

for sequential output on file 

channel 1. See BR. 

Opens file channel 1 for com¬ 

munication with all defaults. 

See BR. 

Sets the minimum value for 

array subscripts to be 1. See 

BR. 

Sends the value 1 0 0 to out¬ 

put port 32. 

Fills in the area enclosing the 

point (40 15 0 ) with color 

number 2. See BR. 

Puts color 3 in position 1 on 

the palette. See BR. 

Sets all palette locations to the 

color numbers in array A. See 

BR. 
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Statements (continued) 

Statement Example Description 

PCOPY PCOPY 2? 3 Copies from screen page 2 to 

screen page 3. See BR. 

PEN PEN ON Turns the light pen on. 

PLAY PLAY "C D E" Plays the musical notes C, D, 

and E. See BR. 

POKE POKE 2400 ? 50 Puts 50 in memory location 

2400. 

PRINT PRINT Ct M$ Displays the values of 0 and 

M$ on the screen. See BR. 

PRINT USING A$ 5 C ? M$ Displays the values of C and 

M$ on the screen using the 

formatting information con¬ 

tained in the string A$. See 

BR. 

PRINT #1 > A ? B Writes the values of A and B 

sequentially to file channel 1 

PRINT nit USING X$5 A? B Writes the values of A and B 

sequentially to file channel 1 

using the formatting informa¬ 

tion in string X$. 

PRESET PRESET ( 50 » 75) 

\ 

Erases the point at screen co¬ 

ordinates (50? 75). See 

BR. 

PSET PSET (50 t 75) Plots a point at screen coordi¬ 

nates ( 50 t 75 ). See BR. 

PUT PUT #5 > 25 (Files) Transfers a record from 

the random file buffer to rec¬ 

ord 25 over file channel 5. 

PUT (15 >80) ? A (Graphics) Draws the image 

stored in array A, putting the 

upper left-hand corner at 

screen coordinates ( 15 t 8 0 ) 

See BR. 

RANDOMIZE RANDOMIZE Reseeds the random-number 

generator. 

READ READ X» B$ Reads data values from a 

DATA statement and assigns 

them to the variables X and 

B$. 

REM REM LOOP Inserts the explanatory re¬ 

mark LOOP into a program. 

RESTORE RESTORE Moves the data pointer to the 

beginning of the data values 

in the DATA statements. 
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Statements (continued) 

Statement Example Description 

RESUME RESUME 2 00 Continues program perform¬ 

ance at line 200 after an \ 
error recovery. 

RETURN RETURN Stops performing a subrou¬ 

tine and returns to the state¬ 

ment after the G 0 S U B state¬ 

ment that began performing 

the subroutine. 

SCREEN SCREEN 0 Sets text mode. See BR. 

SOUND SOUND 440, 15 Sounds a note with frequency 

440 Hz and duration 15 

clock ticks. See BR. 

STOP STOP Stops performing the pro¬ 

gram. Prints a B r e a K mes¬ 

sage. 

STRIG STRIG ON Sets the buttons of the joy¬ 

sticks so they can be read by 

the computer. 

STRIG(4) OFF Disables interrupts from but¬ 

ton A2 on the joysticks. See 

BR. 

SNAP SWAP X# Y Swaps the values of the varia¬ 

bles X and Y. 

TIME$ = TIME$ = "12:00:00" Sets the clock in the computer 

to twelve noon. 

VI EM VIEW (50 »50)-(100 »100) Defines a viewport on the 

screen with diagonal corners 

equal to the screen coordi¬ 

nates (50 t 5 0 ) and 

( 100 >100). See BR. 

WAIT WAIT 32 * Stops program performance 

until port 32 receives a 1 bit 

in the second bit position. 

WEND WEND Marks the end of a WHILE 

loop in a BASIC program. 

WHILE WHILE N < 3 Opens a WHILE loop and 

performs the body of the loop 

as long as N < 3. 

WIDTH WIDTH 40 Sets the width of the output 

line to 40 characters. 

*W I NDOW WINDOW (-lf-l)-(ltl) Redefines the screen coordi¬ 

nates. The lower left coordi¬ 

nate becomes ( - 1 t - 1 ) . 

The upper right coordinate 

becomes (1 t 1 ). See BR. 

408 



Statements (continued) 

Statement Example Description 

WRITE WRITE At Bt C$ 

WRITE *2 » At Bt C$ 

Writes the values of the varia¬ 

bles A, B, and C$ on the 

screen. Puts commas between 

the values. 

Writes the values of the varia¬ 

bles A, B, and C$ to a se¬ 

quential file using file channel 

2. Puts commas between the 

values. 

Functions 

Function Value In Value Out 

ABS Number Absolute value of the num¬ 

ber. 

ASC String ASCII code (0 to 255) for 

the first character in the 

string. 

ATN Number Arctangent (radians) of the 

number. 

CDBL Number The same number converted 

to double-precision format. 

CHR$ Number (0 to 255) ASCII character equivalent of 

the number. 

CINT Number The same number rounded to 

an integer and converted to 

integer format. 

COS Number (radians) Cosine of the number. 

CSNG Number The same number converted 

to single-precision format. 

CSRLIN None Vertical coordinate of the cur¬ 

sor. 

*CUD String (8 byte) Double-precision number 

equivalent to the number ex¬ 

pressed by the string. 

*CU I String (2 byte) Integer equivalent to the 

number expressed by the 

string. 

*cvs String (4 byte) Single-precision number 

equivalent to the number ex¬ 

pressed by the string. 

*DATE$ None Date expressed in the form 

mm-dd-yyyy. 
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Functions (continued) 

Function Value In Value Out 

EOF Number (file channel) “True" if the end of the file 

has been reached. "False" 
\ 

otherwise. 

ERL None Line number in which the last 

error was detected. 

ERR None Error code for the last error 

detected. 

EXP Number The base of the natural loga¬ 

rithm (e) raised to the same 

number power. 

FIX Number The same number, with all 

digits to the right of the deci¬ 

mal point removed. 

FRE Number (dummy) Number of bytes in memory 

not being used by BASIC. 

H E X $ Number Hexadecimal string that rep¬ 

resents the decimal value of 

the same number. 

INKEY$ None Single-character string. The 

key down on the keyboard 

determines the single charac¬ 

ter. If no key is down, the 

value out is the empty string. 

INP Number (0 to 05535) A byte read from a port with 

the same number. 

INPUTS Number The same number of charac¬ 

ters read from the keyboard. 

INSTR String, string The position of the second 

string in the first string. 

INT Number Largest integer equal to or 

less than the same number. 

LEFTS String, number The same number of the left¬ 

most characters in the string. 

LEN String Number of characters in the 

string. 

LOG Number Current position in the file 

with the same channel num¬ 

ber. 

LOF Number Length of the file with the 

same channel number. 

LOG Number (positive) Natural logarithm of the same 

number. 
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Functions (continued) 

Function Value In Value Out 

L POS Number The current position of the 

print head within the printer 

buffer. The number indicates 

which printer is being tested. 

MID* String, number, number The portion of the string be¬ 

ginning at the character posi¬ 

tion equal to the first number 

and with length equal to the 

second number. 

MKD$ Number (double-precision) String representation of the 

number. 

MK I $ Number (integer) String representation of the 

number. 

MXS$ Number (single-precision) String representation of the 

number. 

OCT$ Number Octal string representation of 

the number. 

PEEK Number (0 to 65535) The byte in the memory loca¬ 

tion defined by the number. 

PEN Number (0 to S) Status of the light pen. The 

number selects the type of 

information to be returned. 

See BR. 

'PLAY ( n ) Number (0 to 2) The number of notes left in 

the music background buffer. 

The number selects the voice 

channel. 

'PM A P Number, number Maps the coordinate repre¬ 

sented by the first number 

using a process selected by 

the second number. See BR. 

POINT Number, number The color of the point at the 

screen coordinates defined by 

the numbers. 

POS Number (dummy) Current column position of 

the cursor. 

RIGHT* String, number The same number of charac¬ 

ters taken from the rightmost 

part of the string. 

RND Number A random number between 0 

and 1. The number used in 

the argument affects the re¬ 

turned value. See BR. 
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Functions (continued) 

Function Value In Value Out 

SCREEN Number, number The ASCII code (0 to 255) 

, for the character on the screen 

at the coordinates defined by 

the two numbers. 

SGN Number The sign of the number. 

SIN Number (radians) The sine of the number. 

SPACE$ Number A string consisting of the 

same number of spaces. 

SQR Number (positive) The square root of the num¬ 

ber. 

STICK Number The X or Y coordinate of the 

two joysticks. The number 

selects a coordinate on a joy¬ 

stick. 

STR$ Number A string representation of the 

number. 

STRING$ Number, string A string whose length is equal 

to the number, and whose 

characters are all equal to the 

first character in the string. 

TAN Number (radians) The tangent of the number. 

*T I ME$ None The time in the form 

hh:mm:ss. 

"TIMER None The number of seconds that 

have elapsed since midnight 

or system reset. 

USR Number, number The result of the machine-lan¬ 

guage subroutine identified 

by the first number. The sec¬ 

ond number is the argument 

of the subroutine. 

UAL String Numerical value of the string. 

"UARPTR Variable name Memory address of the varia¬ 

ble. 

*VARPTR$ Variable name Character form of the mem¬ 

ory address of the variable. 
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Reserved Words in IBM PCjr BASIC 

The words in the table below are all the keywords used in PCjr BASIC. 
You may not use any of these words as names of variables or functions. 

ABS DIM IOCTL OPTION SIN 

AND DRAN IOCTL$ OR SOUND 

ASC EDIT KEY OUT SPACES 

ATN ELSE KILL PAINT SPC( 

AUTO END LEFT$ PALETTE SQR 

BEEP ENVIRON LEN PCOPY STEP 

BLOAD E N U IR 0 N $ LET PEEK- STICK 

BSAUE EOF LINE PEN STOP 

CALL EQU LIST PLAY STRS 

CDBL ERASE LLIST PM A P STRIG 

CHAIN ERDEU LOAD POINT STRINGS 

CHDIR E R D E U $ LOC POKE SWAP 

CHRS ERL LOCATE POS SYSTEM 

CINT ERR LOF PRESET TAB ( 

CIRCLE ERROR LOG PRINT TAN 

CLEAR EXP LPOS PRINT# THEN 

CLOSE FIELD- LPRINT PSET TIMES 

CLS FILES LSET PUT TIMER 

COLOR FIX MERGE RANDOMIZE TO 

COM FNxxxxxxxx M I D$ READ TROFF 

COMMON FOR MKDIR REM TRON 

CONT FRE MKDS RENUM USING 

COS GET MK I $ RESET USR 

CSNG GOSUB MKS$ RESTORE UAL 

CSRLIN GOTO MOD RESUME UARPTR 

CUD H E X S MOTOR RETURN UARPTRS 

CUI IF NAME RIGHTS UIEW 

c u s IMP NEN RMDIR WAIT 

DATA I N K E V $ NEXT RND WEND 

DATES INP NOISE RSET WHILE 

DEF INPUT NOT RUN WIDTH 

DEFDBL INPUT# OCTS SAME WINDOW 

DEFINT IN P U T $ OFF SCREEN WRITE 

DEFSNG INSTR ON SGN WRITE# 

DEFSTR INT OPEN SHELL XOR 

DELETE INTERS 
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Index 
Abbreviated branches 308-314 
Abbreviated loop 254 
ABS function 243-244 
Accuracy of arithmetic 224, 229 
(Alt | Ctrl 3 18, 21 
(Alt Ctrl 3 18, 21 
(Alt Ctrl Caps Lock) 24 
(Alt Ctrl Dei) 28 
AND 283, 288 
Arithmetic 

Accuracy 224, 229 
And logic unit (ALU) 188, 194 
In LET statement 180, 191-192 
Operators 180, 187, 194 
Order of 225-227 
Scratchpad 188-192 

Array variable 328-378 
Applications 354-360 
Component 341, 348 
Difference from ordinary variable 340, 347 
Dimension 338, 348 
Name of 340 
Need for 329 
Subscript 341, 342-346, 356 

Arrow, jump 216, 232, 284 
Arrow keys 80, 81, 84, 89, 110-113 
Assignment 169, 175, 177, 191-192, 351 
Awareness topics 

Computer in a calculator 179 
How parts work 50-57 
Input, output, processing 50, 179, 188-193 
Languages 39, 249 
Literacy 13 
Knowledge in computers 1, 58 
Program control 58 
Simulation 290, 301, 367-377 

Background colors 32, 34, 86-87, 273, 430 
Background music mode 115-116 
(B&ckspace) 24 



BASIC 
Cartridge 16-17, 18-21, 38, 115-116 
Cassette 17, 21, 38, 60-66, 115-116, 157 
Commands. See Commands. 
Functions. See Functions. 
Guide 400-412 
Keywords 165-166, 413 
Language 39 
Quick Reference 432 
Statements. See Statements. 

BEEP statement 30, 35 
Binary and decimal numbers 224 
Blank lines 118 
Blocks. See Control blocks. 
Body 

Of loop 216, 232-233 
Of main routine 122, 129 
Of subroutine 110, 130 

Branch block 278-327 
Abbreviations 308-314 
Case block 309-314, 319, 324, 326, 369 
Condition 281-284, 288 
Empty branch 308-309 
Need for 279 
Outline 284-285 
Program examples 293, 298, 304-305, 366 
Real-life examples 286-287 

(Break) function 182, 212, 218 
Bugs 136-147 
Built-in programs 58, 249 

Cable connections 61-62 
(Caps Lock) 18, 21, 23 
Cartridge 

BASIC 17, 21, 38, 115-116 
Files on diskette 70, 73 
Slots 16, 19, 38 

Case block 309-314, 319, 324, 326, 369 
Cassette 

BASIC 17, 21, 38, 115-116, 157 
Cable connections 61-62 
Commands. See Commands. 
Files 64 
Saving and Loading 60-66 

Catenation of strings 187, 194, 220 
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Chalkboard as memory unit 50, 59 
Clicking sound for keys 24 
CLS statement 30, 35 
Coin-toss simulation 363-364, 367-368 
COLOR statement 32, 35, 274-275, 277 
Color tables 430 

Background 34 
Foreground 90, 274 

Comma 
In PRINT statement 179, 187 
In INPUT reply 183 
In INPUT statement 183 

Commands 39, 58 
Cassette 

LOAD 63-64, 66 
SAME 62-63, 66 

Diskette 
FILES 70, 73 
KILL 71, 73 
LOAD 71, 73 
SAME 70, 73 

Other 
CONT 215, 218 
DELETE 159 
FORMAT (DOS) 68-69, 73 
LIST 39, 47, 57, 58, 119-120 
LLIST 293, 324 
NEW 39, 47, 57, 58 
RENUM 43, 44, 47 
RUN 39, 47, 53-56, 58 
SYSTEM 68, 73 
TROFF 138, 147 
TRON 137, 147 

Comparison operators 281-282, 288 
Component of array 341, 348 
Computer literacy 13 
Concatenation 187, 194, 220 
Condition, logical 

Compound 282-284, 288 
Simple comparison 281-282 

Conditional loop. See Loop. 
Constant 162, 164, 167, 350-353 
CONT command 215, 218 



Control blocks 
Branch 284-285, 288 
Case 310 
Conditional loop 232-234, 237 
Empty branch 308 
FOR/NEXT abbreviation 257-262 
Infinite loop 216-217 
Nesting 142-143, 293-295, 304-305 
Subroutine 108, 129 

Control crank 53-54 
Control structures. See Control blocks. 
Control unit 53-54, 59 
Coordinates, graphic 77, 89 
Counting loop 213-214, 254-262, 292, 296-297 
Crank as control unit 53-54, 59 
(Ctrl | Home) function 111, 113 
(Ctrl | End) function 111, 113 
Current line 54 
Cursor 29, 31, 83 
Cursor editing 79-85, 89, 110-111, 117 

Data 167 
Constants 164, 167, 350-353 
Pointer 353 
Types 164-165 
Variables 164, 167, 177 

Debugging 147, 159, 152-156, 291, 317 
Deferred mode. See Program mode. 
[Pep 83, 89 
DELETE command 159 
Dice-roll simulation 376-377 
Dimension of array 338, 348 
Dimensions, graphics 75-77, 90 
Diskette commands. See Commands. 
Diskette drive 15 

Formatting diskettes 68-69 
Inserting diskettes 19 
Starting the computer 18-22, 37 

Diskette files 70-73 
Display modes 31, 35 
Documentation 216 
DOS 19, 21, 68-69 
Drawing boxes 82-84, 90 
Drawing lines 78-80, 90 
Drawing points 75-78, 90 
Duration of musical notes 35, 197 
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E-notation 221-223, 229 
Editing 

Cursor 79-85, 89 

Line-number 40-42, 47 

Screen 110-111, 117 

Empty branch 308-309 

Empty string 169, 177, 220, 244 

(End) function 82, 89 

END statement 121-122, 126, 129-130, 136-138 
(Enter 25, 84 

Error messages 

Device timeout 65 

ERROR B 17, 20 

File not found 72 

Illegal function call 75, 87, 336 
Out of DATA 352-353 

Out of memo ry 145 

Overflow 222 
Redo from start 184 

Return without G 0 S U B 138 

String too long 220-221 
Subscript out of range 335-336 

Syntax error 25, 29, 353 

Type mismatch 165, 353 

Undef i ned line numbe r 142, 210 

[Esc] 23 

Exit condition in loop 232-233, 237, 297 

Exit value of loop variable 258-260, 262 

Expression 187, 194, 248 

File 

Cassette 64 

Diskette 70, 73 

Names 64-65, 70, 73 

FILES command 70, 73 

Flag variable 235 

(Fn) 81, 89 
FOR/NEXT statement 257-262, 292 

Foreground colors 83-87, 90, 273-274, 430 

Foreground music mode 115-116 

FORMAT command (DOS) 68-69, 73 

Formatting diskettes 68-69 

Frequencies, musical 35, 430 



Functions 238-252 
As processes 248-249, 252 
Form of 247-248 
Need for 247 
Numeric 

ABS 243-244 
INI 242, 267, 356 
LEN 240 
END 245-246, 265, 267, 293, 356 
SQR 243 

Parameter (argument) 247 
Result (value) 247 
String 

IN K E Y $ 244-245, 264-265, 270-271, 318 
H I D$ 241, 378 

Type 247 
GOSUB statement 107, 113, 121-123, 128 
GOTO statement 209-211, 213, 216, 218 
Graphics 74-90 

Background colors 32, 34, 86-87, 273, 430 
Color tables 34, 90, 274, 430 
Coordinates 77, 90 
Dimensions 75-77, 90 
Drawing boxes 82-84, 90 
Drawing lines 78-80, 90 
Drawing points 75-78, 90 
Foreground colors 83-87, 90, 273-274, 430 
Mode 31, 35 
Palettes 273-274, 277 
Resolution 31, 77 
Statements. See Statements. 

Guide to BASIC 400-412 

Hands-on method 29 
Hardware 

Arithmetic and logic unit 188, 194 
Control unit 53-54, 59 
Input unit 50, 59, 179 
Main parts 15, 50 
Memory unit 50, 59, 179 
Output unit 50, 59, 179 

'Home) function 111, 113 
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IF statement 232, 237, 281-284, 309, 314 
Immediate mode 52, 59, 75, 224 
Indenting 

Branches 284, 305-306 
Loops 216, 232-233 
Reason for 217, 293-295 
Subroutines 110 
Using screen editing 110 

Information machine 49 
Initialization of loop 297, 301, 365, 369 
IN K E Y $ function 244-245, 264-265, 270-271, 318 
INPUT statement 181-185 
Input 

Process of 190-191 
Slot 50, 190 
Unit 50, 59, 179 

Input, output, processing 50, 179, 188-193 
(hi) 83-84, 89 
Insert mode 83, 89 
I NT function 242, 267, 356 

Jump arrow 216, 232, 284 
Jump target 216 

Keyboard 15, 22-26 
Clicking sound 24 
Wireless 22 

Keys 431 
(Alt | Ctrl ^ 18, 21 

(Alt Ctrl ED 18, 21 

(Alt Ctrl Caps Lock) 24 

(Alt Ctrl Del) 28 

(Backspace! 24 

(Break) function 182, 212, 218 
(Caps Lock) 18, 21, 23 
Editing 

Arrow keys 80, 81, 84, 89, 110-113 
(Ctrl | Home) function 111, 113 
(Ctrl | End) function 111, 113 
fPep 83, 89 
find) function 82, 89 
(Home) function 111, 113 
Qn£) 83-84, 89 

(Enter 25, 84 

(Esc) 23 



Keys (continued) 
(RD 81, 89 

(Pause) function 120, 126, 211, 218 

(Shift t) 23 

Symbol group 22 

Keywords in BASIC 165-166, 413 

KILL command 71, 73 

Languages 39, 249 

Largest number 222, 229 

LEN function 240 

LET statement 163-164, 167, 191-192, 214 

Levels of detail 131-134, 290 

Line number 39 

Line-number editing 40-42, 47 

Line-number range 120 

Line-number tracing 137 

Line pointer 53-54 

Link operator 187, 194, 220 

LIST command 39, 47, 57, 58, 119-120 

L LIS T command 293, 324 

LOAD command 63-64, 66, 71, 73 

Logical 

Arithmetic 193 

Conditions 281-284, 288 

Operators (AND and OR) 282-283, 288 

Longest string 221 

Loop, infinite 216-217 

Loop, conditional 205-252 

Abbreviated form 254 

Body 216, 232-233 

Exit condition 232-233, 237, 297 

FOR/NEXT abbreviation 257-262 

Need for 207, 234 

Outline 232-233, 254-255 

Program examples 239, 297, 318, 323, 326, 359 

Real-life examples 234 

Machine language 249 

Main routine 122, 129, 150 

Maximum number 222, 229 

Maximum string length 221 
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Memory 
Chalkboard 50 
Line pointer 53-54 
Programs in 52-56 
Unit 50, 59, 179 
Variables in 171-175 

MID$ function 241, 378 
Mode 

Background and foreground music 115-116 
Graphics 31-32, 35 
Immediate 52, 59, 75, 224 
Insert 83, 89 
Program 52, 59, 78 
Text 31-32, 35 

Music 
Buffer 115 
Frequencies 35, 430 
Notation 98-99 
Rest note 45, 125 
SOUND 30, 35, 45-46 
PLAY sublanguage 91-101 

Names 
Array 340 
Cartridge files 70, 73 
Cassette files 64-65 
Variables 

Errors 164-165 
Need for 161 

Nested 
Branches 293-295, 304-305 
Subroutines 142-143 

NEN command 39, 47, 57, 58 
Notation (music) 98-99 
Numbers 

Accuracy 224, 229 
Arithmetic operators 180, 187, 194, 225-227 
Binary and decimal 224 
Comparison operators 281, 288 
Constants 162, 167 
E-notation 221-223, 229 
Functions 240-244, 245-246 
Largest 222, 229 
Random 246, 251 
Smallest 223, 229 
Variables 162, 164, 167 



ON statement 313, 314 
Operators 

Comparison 281-282, 288 
Logical 282-283, 288 
Numeric 180, 187, 194 
String 187, 194, 20 

OR 282-283, 288 
Order of arithmetic 225-227 
Outline 

Abbreviated loop 254 
Branch block 284-285 
Conditional loop 232-233, 254-255 
Counting loop 255 
Empty branch 308 
Infinite loop 216 
Main routine 129 
Program 129 
Subroutine 130 

Output 
Text screen 31 
Display modes 31, 35 
Graphics screen 

Colors 32, 34, 35, 273-274 
Size of 75-77, 90 

Scroll 50 
Unit 50, 59, 179 

Output, input, processing 50, 179, 188-193 

Palettes, graphics 273-274, 277 
Parameter (argument) of function 247 
Parameter to control subroutine 198 
Parentheses in expressions 226-227, 248 
[Pause) function 120, 126, 211, 218 
Picture of a computer 

Arithmetic and logic scratchpad 188-193, 346 
Control crank 53-54 
Input slot 50, 190 
LET 171-175, 191-192 
Line pointer 53-54 

Memory chalkboard 50, 171-175, 342-346 
Output scroll 50 
Reason for using 51-57, 170 
RUN program 53-56, 58 
Variables 171-175 

Planning. See Top-down design. 
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PLAY statement 92-101 
PRESET statement 78, 90 
Print column 179, 187, 194 
PRINT statement 33-34, 35 

With commas and semicolons 179-180, 187, 319 
With TAB 378 
With variables 162-164, 171-175, 180, 214 

Print zone 179, 187, 194 
Processing, input, output 50, 179, 188-193, 248-249, 252 
Program 37 

Editing 40-42, 79-85, 89, 110-111 
Lines 39 
Mode 52, 59, 78 
Outline 129 
Refinement 155-157, 199, 200, 202, 268-275, 295-300, 363-367 
Restarting 152 
Stopping 152 
Top-down design 105, 131-134, 148-159, 235-236, 264-268, 290, 

303, 316, 322, 355 
Program listings 

COINS 363-364, 367-368 
DAZZLER 275 
DICE 371-372, 376-377 
MIX AND MATCH 358-359 
PIANO 324-325 
SERIES 299 
SKETCH 326 
SONG 155-156 
DOWELS 321 
WORDS 307 

Programming projects 
Arithmetic loops 228 
Arrays 354-360, 361, 371-377 
Averaging loop 235-237 
Branch blocks 290-293, 295-299, 303-307 
Case blocks 311-312, 319, 324, 326, 369 
Color on text screen 134 
Conditional loops 235-237, 297, 318, 323 
Counting loops 292 
FOR/NEXT loops 292 
Graphics 88, 325-327 
Nested blocks 293-295, 303-307 
PLAY statement 100 
SOUND and COLOR 46, 124-125, 264-275 
Subroutines 124-125, 205 
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Programming projects (continued) 

Top-down design 134, 148-157, 158, 205, 235-236, 264-275, 290, 
303, 316, 322, 355 

Variables, operators, and input 185, 205 
Variables to control subroutines 197-205 

PSET statement 75-77, 90, 266, 327 

Quick Reference 432 

Random numbers 246, 251 
RANDOMIZE statement 300, 301, 358 
Range of numbers and strings 220-223 
READ/DATA statement 350-353, 356, 361, 370 
Relational operators. See Comparison operators. 

REM statement 108-109, 113, 232-233 
Remarks 108-109, 113, 122-123, 216, 232-233 
RENUM command 43, 44, 47 
Reserved words 165-166, 413 
Resolution, graphics 31, 77 
Rest note (music) 45, 125 
Result (value) of function 247, 250 
RETURN statement 107, 113, 130, 139-141 
RND function 245-246, 265, 267, 293, 356 
Routines 

Main 122, 129-130, 150 
Subroutine 107, 130, 151 

Rules 
Calculating FOR/NEXT range 260-261 
Finding data in arrays 345 
Order of arithmetic 226 
Performing branch block 285 
Performing INPUT 190 
Performing LET 172 
Performing loop block 233 
Spaces in BASIC 70 
Top-down design 132 
Using expressions 187 
Using variables 188 
Writing main routine 129-130 
Writing subroutines 130 

RUN command 39, 47, 53-56, 58 

SAME command 62-63, 66, 70, 73 
Scratchpad as arithmetic and logic unit 188-193 
Screen. See Output. 
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Screen editing 110-111, 117 
SCREEN statement 31, 35, 71 
Scroll as output unit 50, 59 
Semicolon in PRINT 179-180, 319 
(Shift t) 23 
Simulation by computer 290, 301, 367-377 
Skeleton subroutine 152, 265, 291, 303, 317, 322, 355 
Smallest number 223, 229 
Software tools 102-103 
SOUND statement 30-31, 35, 44-45 
Spaces in BASIC 70 
Spaghetti programming 105 
Sound output 30-31, 35 
SQR function 243 
Starting the computer 15, 37 

Warm start 28, 38 
With a diskette drive 18-22, 37 
Without a diskette drive 16-18, 37 

Statements 39 
Control 

END 121-122, 126, 129-130, 136-138 
FOR/NEXT 257-262, 292 
GOSUB 107, 113, 121-123, 128 
GOTO 209-211, 213, 216, 218 
IF 232, 237, 281-284, 309, 314 
ON 313, 314 
RETURN 107, 113, 130, 139-141 
STOP 152 

Graphics and sound actions 
BEEP 30, 35 
CLS 30, 35 
COLOR 32, 35, 274-275, 277 
LINE 78-87, 90, 268-269, 272-274 
PLAY 92-101 
PRESET 78, 90 
PSET 75-77, 90, 266, 327 
SCREEN 31, 35, 71 
SOUND 30-31, 35, 44-45 

Other actions 
INPUT 181-185 
LET 163-164, 167, 191-192, 214 
PRINT 33-34, 35 

With commas and semicolons 179-180, 187, 319 
With TAB 378 
With variables 162-164, 171-175, 180, 214 



Other actions (continued) 

RANDOMIZE 300, 301, 358 
READ/DATA 350-353, 356, 361, 370 
REM 108-109, 113, 232-233 
WIDTH 32, 35 

STEP phrase in FOR 258-260 
STOP statement 152 
String 

Comparison operators 282, 288 
Concatenation 187, 194, 220 
Constants 164 
Empty 169, 177, 220, 244 
Function 241, 244-245 
Link operator 187, 194, 220 
Maximum length 221 
Variables 164 

Structure of program. See Outline. 

Structured programming 105, 129, 279 
Subroutine 

Body 110, 130 
Bugs 136-147 
Control by variables 197-205 
Examples 108, 151 
How it works 136 
Levels of detail 131-134, 150-156, 290 
Nested 142-143 
Outline 130 
Purpose 103-106 
Skeleton 152, 265, 291, 303, 317, 322, 355 

Subscript of array 341, 342-346, 356 
Subscripted variable. See Array. 

Symbol group of keys 22 
SYSTEM command 68, 73 

Tables 
Background colors 34, 430 
Foreground colors 90, 275, 430 
Keys 431 
Music notes 46, 124, 430 
PLAY symbols 101 

Target of jump 216 
Testing. See Debugging. 

Text mode 31-32, 35 
Tools, software 102-103 
TOOLKIT subroutines 125, 150, 157, 196, 204, 209, 276, 322 
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Top-down design 105, 131-134, 148-159, 235-236, 264-268, 290, 303, 
316, 322, 355 

TROFF command 138, 147 
TRON command 137, 147 
Type of data 163-165, 247 
Typing errors 24 

Value-in, value-out table 250 
Value of 

Expression 187, 194, 248 
Function 247 
Variable 169, 177 

Variable 160-205 
Array 331, 338 
As a place in memory 171-175, 189-192 
Assignment 169, 175, 177, 191-192, 351 
Definition 175, 177 
Flag 235 
FOR/NEXT loop 257-262 
How they work 171-175, 189-192 
Input 181-185, 190-191 
Name 163, 165-166 
Need for 161, 181 
Properties 169, 177 
Real-life examples 169 
Type 169, 177 
Using to control subroutines 197-205 
Value 169, 177 

MID T H statement 32, 35 
Wireless keyboard 22 
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MUSIC PITCHES AND DURATIONS 
The numbers in the table below give the frequencies of the 12 notes in 
each of the seven octaves of the piano keyboard. These are the numbers 
to use as the first item in the SOUND statement. The second item in the 
SOUND statement is the duration. A duration of 18.2 is 1 second. The 
smallest allowed duration is .2. 

Note Oct. 0 Oct. 1 Oct. 2 Oct. 3 Oct. 4 Oct. 5 Oct. 6 

C 65 131 262 523 1047 2093 4186 
C tt 69 139 277 554 1109 2217 4435 
D 73 147 294 587 1175 2349 4699 
Eb 78 156 311 622 1245 2489 4987 
E 82 165 330 659 1319 2637 5274 
F 87 175 349 698 1397 2794 5588 
Fti 92 185 370 740 1480 2960 5920 
G 98 196 392 784 1586 3136 6274 
Ab 104 208 415 831 1661 3322 6645 
A 110 220 440 880 1760 3520 7040 
B b 117 233 466 932 1865 3729 7459 
B 123 247 494 988 1976 3951 7902 

MEDIUM-RESOLUTION COLORS 
SCREEN 1 

Background 
Foreground 

Palette 0 Palette 1 

0 Black 8 Dark Gray 0 Background 0 Background 
1 Blue 9 Light Blue 1 Green 1 Cyan 
2 Green 10 Light Green 2 Red 2 Magenta 
3 Cyan 11 Light Cyan 3 Brown 3 White 
4 Red 12 Light Red 
5 Magenta 13 Light Magenta 
6 Brown 14 Yellow 
7 Gray 15 White 

NOTE: On the text screen with color enabled (SGREEN 0 * 1), you 
may use the COLOR statement to select the color of the letters 
printed. The first number in the COLOR statement selects 1 of the 16 
colors shown at the left above. By adding a second number to the 
COLOR statement, you may also select a background color from the 
first 8 colors in the table above. 



(-") (^-) fTl CD Moves the cursor. 

SPECIAL KEYS 
(Alt Ctrl Caps Lock) Turns on or off a 

clicking sound whenever you type a key 
on the keyboard. 

(Alt Ctrl Del) Restarts the computer when 
power is on. 

(Alt j Ctrl [•—^) Moves TV picture to right. 

(Alt Ctrl ^—) Moves TV picture to left. 

(Backspace) Moves cursor left one space 
and erases what is there. 

(Caps Lock) Makes letter keys type capital 
letters. Same key resets letter keys to 
lowercase. 

(Del) Deletes the character at the current 
cursor position. Moves the rest of the 
line to the left, filling the gap. 

(Break) function Stops a running pro¬ 
gram and returns the cursor. Press the 
[Fn) key followed by the (~B~] key. 

(End) function Moves the cursor to the 
end of the line. 

(Ctrl | End) function Erases characters 
from the cursor position to the end of 
the line. While holding down the (Ctrl) 
key, press the (Fn) key followed by the 
CD key. 

(Home) function Moves the cursor to the 
upper left-hand corner of the screen. 
Press the (Fn) key followed by the ( t ) 
key. 

Enter Accepts as input whatever line (Ctril Horne l function Clears the screen 
'v * n t 17/-»»-> 4-Kin I / rvv t i n ^ * ■ S the cursor is on when this key is 

pressed. 

'Esc) Erases all characters from the line 
containing the cursor. 

and moves the cursor to the upper left- 
hand corner of the screen. While holding 
down the (Ctrl) key, press the (Fn) key 
followed by the (Tj key. 

(Ins) Sets insert mode. Symbols typed in 
this mode are inserted into the line at 
the cursor position. (Enter ^-l) or one of 
the arrow keys will end this mode. 

Pause) function Temporarily stops a 
running program. Press the (Fn) key 
followed by the fO~) key. Restart by 
pressing any symbol key. 

How to Use the Quick Reference 

The Quick Reference that follows is intended to refresh your memory about 
the features of BASIC on the PCjr. Wherever possible, specific examples of com¬ 
mands and statements are shown. This will help you remember how to define 
parameters for each command or statement. 

You will be using different parameters in the programs you write. If you need 
more help, use the index to locate a fuller explanation of a given item. 



COMMANDS 
CONT Continue performing program in 

at the point it stopped after 
or error. 

memory 
(Break j < 

DELETE 150 -J70 Delete from 

memory all program lines with line num¬ 
bers 150 through 370. 

EDIT 520 Display program line 5 2 0 
on the screen for editing. 

FILES Display on the screen the names 
of all files on a diskette. 

KILL "QLDPROG* BAS" Erase 
BASIC file OLD PROG from diskette. 

LIST Display on the screen all lines of 
the program in memory. 

LIST 350-5G5 Display program 
lines with line numbers 350 through 
5S5. 

LLIST Works like LIST, except that 
output goes to the printer. 

LOAD "TOOLKIT" Move a copy of 
the file T00LK IT from diskette or cas¬ 
sette to memory. 

RENUM 100 Make the first program 
line number equal to 100. Renumber all 
lines after that so each line number is 
1 0 greater than the previous line num¬ 

ber. 

RENUM 1000 t 100 * 5 Re¬ 
number program lines, beginning at old 

line number 100. Change old line 100 
to new line 1000. Renumber all lines 
after that so each line number is 5 
greater than the previous line number. 

RUN Perform program in memory. 

SAME "SONG" Move a copy of the 
program in memory to the diskette or 
cassette file named SONG. 

SYSTEM 
DOS or 

Leave BASIC and go to the 
system” level. 

TRON Turn line-number tracing on. When 
the computer performs each line of a 
program, it prints the line number on 
the screen. 

TROFF Turn line-number tracing off. 

PROGRAM CONTROL 
STATEMENTS 
END Stop performing program statements. 

FOR J = 1 TO N STEP 2 
Start a counting loop. Set 3 equal to 1. 
Set the exit condition so the loop will 
stop if J is greater than N. 2 is the 
amount to add to J each time around 
the loop. If STEP is omitted, a step size 
of 1 is used. 

FOR C = 10 TO 5 STEP -1 
Start a counting loop. Set C equal to 
1 0. Set the exit condition so the loop 
will stop if C is less than 5. 1 is the 
amount to subtract from C each time 
around the loop. 

GOSUB 1200 Perform the subroutine 
beginning at line 1200. 

GOTO 1050 Move the program line 
pointer to line 1050. 

IF N > 10 THEN 320 Move the 
program line pointer to line 320 if the 
condition is true. Otherwise, move the 
line pointer to the next line after I F 
statement. Used to exit from a loop 
block. 

IF X \ 0 THEN Perform the state¬ 
ment after THEN if the condition is 

true. Otherwise, skip the statement. 

IF P = 0 THEN 20 ELSE 40 
Move the program line pointer to line 
20 if the condition is true. Otherwise, 
move the program line pointer to line 
40. Used to make a branch block. 

ON P GOSUB 100 * 110# 120 
If P is 1, perform the subroutine begin¬ 
ning at line 100. If P is 2, perform the 
subroutine beginning at line 110. And 

so on. 

ON P GOTO 500 # S50* 735 
Works like ON/GO SUB, except that the 
program line pointer is moved to a line 
number in the list. 

RETURN Stop performing a subroutine 
and return to the line after the GOSUB 
statement that began performing the 
subroutine. 

STOP Stop performing statements. Print 

Break message on screen. 

NEXT J Mark the end of a counting 

loop. See FOR. 



GRAPHICS 
AND SOUND 
STATEMENTS 

BEEP Sound a quarter-second tone at 800 
Hz. 

CLS Clear the screen to the current back¬ 
ground color. 

COLOR BKG> PAL In medium-reso¬ 

lution graphics mode, set the back¬ 
ground color to BKG, one of 16 colors, 
and select palette PAL for foreground 
colors. 

LINE (0*0) - (319 >199) > C 
Draw a line from point ( 0 t 0 ) to 

point (319 >199) using foreground 
color C. 

m 

LINE (0 >0)-(80 >80) > C > B 
Draw a rectangle with diagonal corners 
at ( 0 > 0 ) and ( 8 0 > 8 0 ) in fore¬ 
ground color C. If B is replaced by BF, 
the rectangle is filled. 

PLAY " C8 D8 F4" Use the note 
values in the string to play music. 

PRESET ( 1 80 > 50) Erase the dot 
located at coordinates ( 1 8 0 > 50). 

PSET (160 > 50) Draw a dot lo¬ 
cated at coordinates ( 1 8 0 > 50). 

SCREEN MODE > COLSTATE Set 
screen mode to MODE (text or graphics) 
and color state to COLSTATE (enabled 
or disabled). 

SOUND FREQ > DUR Sound a musi¬ 
cal note with frequency FREQ Hz and 
duration DUR clock ticks. 

WIDTH 40 or 80 Set screen width to 
40 or 80 characters. 

OTHER STATEMENTS 
DATA 23 , "PC”. -4 > , 10 

Store the string and numeric constants to 
be assigned to variables by the READ 
statement. 

INPUT A$> B Print a question mark 
and wait for the user to enter data. As¬ 

sign each constant entered to a variable 
in the list. 

LET B = A + G Compute the value 
on the right. Assign it to the variable on 
the left. 

PRINT X ? TAB ( 5 ) 5 A 5 B > Y 
Print numbers and characters on the 
screen. A comma in the list starts output 
in the next print zone. Semicolons cause 
the next output to begin immediately 
after the last output. The TAB feature 
allows selection of the column to begin 

output. 

READ P > D$ > Q > E$ > R 
Assign constants in DATA statements to 

variables in the list. 

mm a 

FUNCTIONS 
ABS ( X ) Returns X if X is positive or 

zero. Returns - X if X is negative. 

I NT ( X ) Returns X if X is an integer. 
Otherwise, returns next smaller integer. 

RND Returns a random number between 0 

and .9999999. 

SQR (X ) Returns the square root of X. 

LEN(A$) Returns the number of 
characters in A$. 

M I D$ ( A$ > ST > LN) Returns a 

part of A$. The part starts at character 
ST and has length LN. 

INKEY$ Returns an empty string if no 
key has been pressed. Otherwise, re¬ 
turns a string containing the character 
belonging to the key; then clears that 
character from the keyboard buffer in 
memory. 
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