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Preface

Reading this book and learning about your VIC 20™* computer
will be an interesting, rewarding, and fun experience. We've used
a common sense approach to computers, and have included many
experiments, questions, and problems that you can do on your
own. No computer experience is necessary. You'll start using your
VIC 20 computer right away, exploring the keyboard and display
and then going on to other topics. This book is simple to under-
stand, whether you have a specific use for a computer or you just
want to know more about what a computer can do. To make com-
puters easy to understand, we’ve avoided many of the terms and
words that “computer experts” seem to use to confuse the rest of
us. Where special words seem to fit, we’ll tell you about them.

After reading this book and doing most of the experiments, you
will be able to:

* Use the keyboard and the display.

» Use 20 simple program commands and know what they do.

» Use the special control keys on the keyboard.

« Know what kinds of information the VIC 20 computer can use.

* Know how labels are used to locate information.

» Use the computer to add, subtract, multiply, and divide
values.

» Know how computers make decisions.

« Control the display of information on the TV screen in color
and in “reverse.”

» Know how “loops” are used in programs to control the
computer.

*VIC 20 is a trademark of Commodore Electronics Limited.



* Know how the computer uses words and sentences.

* Use the VIC 20’s digital clock.

* Use the computer to make special sounds.

* Know how large amounts of information are saved in the
computer.

* Know how to test and evaluate programs for your computer.

* Know how to care for and protect your computer.

* Know how to type in and correct programs.

* Know how to add useful remarks and comments to programs.

* Know about some special math operations.

Our purpose is to give you a good understanding of what com-
puters can do, and how they do it, without forcing you to become a
computer expert. Since a computer is told what to do by using
step-by-step instructions, or a program, you will see how a compu-
ter is programmed to do specific things. You will type in the pro-
grams shown in the experiments and you'll get a chance to try a
few short programs of your own. Although you will learn about
computer programs and some of the instructions they use, you
won’t be a programming expert when you finish this book. In fact,
to use most small computers, you don’t have to be a programming
expert.

These days, small computers are easy to use, so you don’t have
to know all the details of exactly what is going on inside the com-
puter box. If you had to be an expert at everything you did, you'd
have to be a pump, water, and soap expert just to use a washing
machine. Most of us just want to know enough to load the clothes,
dump in the soap, and press a button. Computers can be used the
same way; load a program and run it.

You'll work with your VIC 20 computer by using its keyboard
and a TV set. Programs and information will be typed in on the
keys and the computer will display information on the TV screen.
The VIC 20 displays things in different colors, so a color TV set is
recommended, but a black-and-white TV is fine, too. We have used
a standard VIC 20 computer, just as it comes from the box, with-
out add-ons or accessories. This is often called a “5K” VIC 20 com-
puter, and it’s all you'll need to use this book.

If all of a sudden the people around you started using a foreign
language, it would be very hard to understand them. Your com-
puter has the same problem. It wants you to talk to it in a lan-
guage called BASIC, and as you'll see, it is fairly easy to under-
stand. Most people learn a language by using simple words and



sentences; “Open the door,” or “Where is the school?” You'll learn
about the BASIC language the same way; using simple commands
to do simple things.

Besides reading the text and doing the experiments, we want
you to explore the computer on your own, too. There are problems
at the end of most chapters, and if you are interested in program-
ming, or learning more about what the computer can do, you can
try and solve them. Solutions to selected problems are provided in
Appendix D. You won’t bother the computer by pressing the
wrong keys or by programming it incorrectly. You may get some
interesting sounds and displays, and things may not come out the
way you expected, but YOU CAN'T HURT THE COMPUTER
unless you get mad at it and give it a kick.

Here’s a quick overview of what is included in this book. In
Chapter 1 you’ll turn on your computer and learn about the
keyboard and the display. Since these two parts of the computer
let it “communicate” with you, they are very important. You will
see how you can put letters, numbers, and special symbols on the
TV screen, and how the color of the display can be changed.

Once you have used the keyboard and the display, you are ready
to learn what a computer really does. They are simpler than you
think, as yow’ll find out in Chapter 2. You will learn about a couple
of BASIC instructions that you can use to get information into and
out of the computer, and youw'll find out about the two types of
information that the VIC 20 can use

Simple arithmetic is very important to a computer, and Chapter
3 shows you the four basic math operations of addition, subtrac-
tion, multiplication, and division, and how to get the computer to
easily do them. Since everyone makes mistakes, several of the
“correction” keys will be described, too.

Chapter 4 gives you a good understanding of how programs can
control what the computer does. You'll find out how the computer
can make simple decisions, and how decisions tell the computer
what to do next. Although we think of computers as doing very
complicated things, they can only make very simple decisions. You
will also learn more about numbers, how the computer uses them,
and how it can “dream up” a number for you, much like a throw of
dice.

More “computer power” is described in Chapter 5. You'll see how
the computer can be told to do something a specific number of
times. Computers can store large quantities of information, and
you'll find out how to do it in this chapter.



Computers can also work with names, addresses, and other
“words.” Chapter 6 shows you how this type of information can be
put into the computer and used in different ways. The VIC 20 has
its own digital clock, and you will learn how to use it to keep track
of time and to turn on an “alarm.”

Some special math operations, such as logarithms and trig oper-
ations, are described in Chapter 7. We've provided some interest-
ing history, so this isn’t a dull, dry chapter. However, if you aren’t
interested in these operations and don’t have a use for them, you
can skip ahead to Chapter 8 and learn how to control the TV screen
and the information that it displays. Moving the cursor, changing
the color, printing in reverse, and doing other interesting things
with the TV display are all detailed for you.

The VIC 20 can also create interesting sounds that can be used
in many types of programs. You will learn how to control these
sounds in Chapter 9, and many experiments give you a chance to
experiment with the VIC 20’s sound effects.

The first nine chapters give you a detailed introduction to your
VIC 20 computer, how it works, and what you can do with it. Most
of the things you learn about BASIC programs can be used on
other computers, and there are many books that will take you
further into learning BASIC so that you can become a good pro-
grammer, if you want to. The last two chapters in this book discuss
some of the accessories for your VIC 20 and what you can do with
them, and how to take care of your computer, both hardware and
software. o

In Chapter 10, we’ll tell you about the cassette unit, the VIC-
1525 graphic printer, the joystick, and plug-in program and mem-
ory cartridges. In Chapter 11, you will learn how to care for your
computer, from simple inexpensive steps you can take, to how to
get service for the computer should it ever fail to operate cor-
rectly. We will also tell you about computer programs, or
“software,” how to review it, what to look for, what to avoid, and
S0 on.

We want to thank Mr. Rik Andrews of Holdrens, Inc., Roanoke,
Virginia, for loaning us a VIC-1525 printer that was used in pre-
paring Chapter 10. Rik’s help was invaluable. We also want to
thank Mr. Bob Veltri, Blacksburg, Virginia, for working with us
and doing most of the photography work included in this book. We
also appreciate the continued support of our many friends at How-
ard W. Sams & Co., Inc.

Although we have mentioned some specific equipment, hooks,



magazines, and suppliers in this book, these are not necessarily
endorsements of them. Check carefully to be sure that your pur-
chases do what you want them to and that you get your money’s
worth.

If you have any questions or comments about this book, please
write to us directly at:

The Blacksburg Group, Inc.
P.O. Box 242
Blacksburg, VA 24060 USA

JONATHAN A. TiTUS
CHRISTOPHER A. TITUS
DaviD G. LARSEN



This book is dedicated to our families, both near and far.
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1

Getting to Know Your
VIC 20

Before you can get your VIC 20 to do useful and helpful things,
it's important for you to be familiar with the keyboard and the
display. To get started, just sit down in front of your computer and
continue reading. If you don’t have your computer handy, you can
still read through the chapters, using the illustrations as guides.
We hope that you will go back later and do the experiments.

GETTING STARTED

The first thing you need to do is to check the various connections
to the computer, so it will be ready when you turn it on. The basic
computer system is shown in Fig. 1-1. Let’s look at the power
module first. It’s the large, heavy plastic box that has two wires
coming out of it, and it’s shown in Fig. 1-2. One of the wires has a
standard two-prong plug on the end, and it is plugged into a wall
or floor outlet to get power. The other wire is somewhat thinner,
and it is connected to the small, two-prong connector marked 9V
AC, on the right side of the keyboard case. The power connections
are shown in Fig. 1-3.

A cable assembly connects the computer and your television, or
TV, as shown in Fig. 1-4. The VIC 20 works with either a color or
black-and-white TV set, and the connections are the same for both.
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Fig. 1-

The basic VIC 20 computer system—computer, power module, and
TV set.

Fig. 1-2. The VIC 20 power module.
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Fig. 1-4. The cable assembly for connecting the VIC 20 to a TV set.

The computer is connected to the VHF antenna screws on the back
or side of the TV case through the TV/COMPUTER switch box
supplied with the computer. When using the computer, be sure
that this switch is in the COMPUTER position. When you are
finished using the computer, switch it back to the TV position so
that you can use the TV to watch a regular show.

There is a small box in the cable assembly, between the TV and
the computer. This box contains a small switch marked CH3-CH4,
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and it lets you switch the computer display to either channel 3 or
channel 4 on the TV set. You can try either one to see which chan-
nel setting gives the best display.

Now it’s time to turn on the computer. The computer’s ON/OFF
switch is on the right side of the keyboard, next to the power wire,
as seen in Fig. 1-5. Push the switch to the ON position. The red
light marked POWER on top of the keyboard should be lit when
the computer is on. Turn on your TV and set it to channel 3 or 4.
Give the computer a few seconds to get started. If you don’t see
anything on one channel, switch the TV to the other channel. Be
sure the TV/COMPUTER switch is in the COMPUTER position.
In case of difficulty, or for more information about the cables and
connections, refer to the computer guide supplied with your com-
puter.

Fig. 1-5. Location of the ON/OFF power switch.

When the computer is first turned on, yow'll see a large, white
square area with a green border around it that goes to the edge of
the TV screen. On a black-and-white TV, you’ll just see that the
large, central area is lighter than the border. The computer will
display a message at the top of the square area, including the word
READY. You will also see a small, flashing square, or cursor, on
the screen, which is a “place marker,” telling you where the com-
puter is. We’ll just show the cursor as a black square M.

THE KEYBOARD

Now that your computer has been turned on, let’s take a close
look at the keyboard, since it’s the most important and most-used
part of the VIC 20 computer. You may have used some of the keys
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when playing games or when using the computer for other things,
but you may not know exactly what the keys do. Even if you have
used a typewriter or other computer, all of the letters, numbers,
words, and symbols can be confusing.

There are two types of keys on the VIC 20; action keys and
printing keys, as shown in Fig. 1-6. The 50 printing keys are in the
middle of the keyboard, and there are five action keys on the left
and seven action keys on the right of the keyboard. (We will look
at the four tan “f” keys later on in the book.) The printing keys are
used to really “print” something on the TV screen, while the action
keys tell the computer to do something, such as GO TO CAPITAL
LETTERS, LIKE THIS. Of course, the computer won’t print
things on the screen; you need paper and ink to do that. It just
displays them for you on the TV, but “print” is a handy word, so
we'll use it.

PRINTING KEYS

ACTION KEYS ACTION KEYS

Fig. 1-6. The VIC 20 keyboard showing the action and printing keys.

PRINTING KEYS

First, let’s look at the tops of the printing keys in the center of
the keyboard, as shown in Fig. 1-7. We'll look at the special sym-
bols on the front side of these keys later.

If you haven’t used a keyboard like this before, the first thing
you will see is that the letters are not in alphabetic order. You
think of the alphabet as ABCDEFG . . ., but the letters on the
VIC 20 keyboard are scrambled. It may take a while to get used
to, but this type of standard keyboard is used on almost all com-
puters.

The 26 letters, A to Z, are located in the bottom three rows, and
toward the center of the keyboard, as shown in Fig. 1-7. You'll see
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Fig. 1-7. The VIC 20 printing keys.

that the capital, or upper-case letters, are the only ones shown on
these key tops.

The top row of keys is shown in Fig. 1-8, and the keys are in
order, “1” through “9,” with the “0” key just to the right of the “9”
key. The key tops for keys “1” through “9” have other symbols on
them, too. For example, the “4” key also has a dollar sign ($) on it.
We’ll talk more about this shortly.

Besides the letter and number keys, there are other printing
keys, such as those for the asterisk (*), comma (,), semicolon (;),
question mark (?), and period (.). Some of these keys also have two
symbols, one above the other on the key tops.

Fig. 1-8. The 10 number keys.

Experiment No. 1-1. Simple Typing.

Now you will have a chance to use the computer and type some
numbers and letters on the TV screen. If your computer is turned
off, turn it on. Once the computer displays the word READY on
the TV screen, press the “F,” “G,” “H,” and “J” keys one at a
time. They are in the center of the keyboard. Don’t press any of
the “action” keys. What happens as you press the four letter keys?
You should see the letters F, G, H, and J displayed on the screen
just as they are pressed, or “typed,” on the keyboard. Type a few
more letters or some numbers until your typing reaches the right
side of the display.

What happens when the letters and numbers you are typing
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reach the right side of the screen? What happens as you keep typ-
ing them? When your typing reaches the right side of the screen,
and you keep typing, the cursor moves down and starts a new line
at the left side of the screen.

Type more letters and numbers until you are typing on the bot-
tom line of the display. You can use several fingers to quickly do
the typing. What happens when the cursor reaches the bottom
right-hand corner and you type a few more letters? The display
seems to move up, providing “clean” lines for you to use. The com-
puter automatically moves the display up one to four lines. The
cursor moves up, too.

The long bar at the bottom of the keyboard is the “space bar.”
Does it print anything when you press it? It doesn’t print any-
thing, but it leaves a space so that your typing doesn’t LOOK-
LIKETHIS. What happens if you hold the space bar down? The
computer continues to leave spaces and the cursor moves for as
long as you hold the space bar down. Do any of the other “print-
ing” keys work this way? None of the other “printing” keys have
this repeating action.

ACTION KEYS

The action keys cause the computer to do special things, and
some of them change the way in which things are displayed on the
TV screen. You've seen that some of the printing keys have two
symbols on their tops. For example, the “4” key has a dollar sign
($) above the “4” In Experiment 1-1, you found that you could
print the numbers on the TV screen, but you couldn’t print the
symbols. The SHIFT key is the action key that lets you print the
“top” symbol on each of the “printing” keys. There are two SHIFT
keys, both in the bottom row of keys, with one at each end. You
may use either one if a SHIFT action is needed, since they both do
the same thing.

The SHIFT key must be pressed down and held down while the
other key is pressed to get its “top” symbol displayed on the TV
sereen. If you don’t hold the SHIFT key down, the regular, or
“bottom,” symbol will be typed. Since the SHIFT key must be
pressed and held down when it’s used, we'll call this action press-
and hold, or press/hold for short. After a little practice, you will
remember when you need to use the SHIFT key.

Whenever an action key is noted in this book, its legend will be
in upper-case, or capital letters; for example, the SHIFT key. If
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the word “key” is not used, the name of the key will be found in
brackets [SHIFT].

Experiment No. 1-2. The SHIFT Key

The SHIFT key is important, since it lets you “shift” between
the different characters that can be displayed on the TV screen. In
this experiment, you will see how it can be used.

Once your computer has been turned on, press the SHIFT key.
Can you see anything happening on the TV screen? No, the
SHIFT key doesn’t do anything by itself. Press the SHIFT key
and hold it down while you press the 10 number keys, “1” through
“0”. Now release the SHIFT key. You should see the symbols:

1"#$%&'()0

displayed on the TV screen. The zero key is not “changed” by the
SHIFT key, and you'll see that there is no symbol above the “0” on
the key top. You MUST hold down the SHIFT key for as long as
you want to type the shifted or “top” symbols.

Try using the SHIFT key with the two keys to the right of the
“L” key and the three keys to the right of the “M” key, as shown
highlighted in Fig. 1-9. These keys will let you print the special
symbols:

[1<>1?

All of the keys used so far pop right back up after you remove
your finger from them. The SHIFT LOCK key on the left side of
the keyboard (Fig. 1-6) is different. If you press it, it will stay
pressed until you press it again, when it pops back up. Press the
SHIFT LOCK key and it goes down, press it again, and it comes
up. When it is pressed in, the computer acts as though the SHIFT
key is being pressed all the time. Press the SHIFT LOCK key just
to see how it operates. When it is pressed in, type some of the
numbers. Now press the SHIFT LOCK key again so that it
springs up. Type some numbers again. Did you see what hap-
pened?

When the SHIFT LOCK key is pressed in, the “top” symbols on
the printing keys with two symbols are displayed on the TV
screen. When the SHIFT LOCK key is in the “up” position, the
“bottom” symbols on the keys are displayed.

Now let’s look at three other action keys, as highlighted in Fig.
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Fig. 1-9. Some of the special symbol printing keys.

1-10. The first of these is in the upper right-hand corner, and it is
marked:
CLR
HOME

This key is used to do two things; it lets you move the cursor
back to its home base in the upper left-hand corner of the TV dis-
play area, and it lets you clear the display area. The other two
action keys are in the bottom right-hand corner, and they are both

Fig. 1-10. The CLR/HOME and CRSR action keys.
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marked CRSR. You can see in Fig. 1-11 that there are left and
right arrows on one, and up and down arrows on the other. The
two CRSR keys let you control the motion of the cursor. Here are
two experiments that will show you how these three action keys
work.

Fig. 1-11. The two cursor action keys.

Experiment 1-3. Going Home and Clearing Out

This experiment explores the uses of the CLR/HOME key. Be-
fore you get started, check the SHIFT LOCK key to be sure that
it is in the up position. You can press it to check the different
positions. Just leave it up when you’re finished.

If you don’t have many numbers, letters, or symbols on the TV
screen, type several of the printing keys so that some are dis-
played. A few are all you need. Now, press the CLR/HOME key.
What happens to the cursor, and where does it go? The cursor goes
to its home base, which is in the upper left-hand corner of the large
square display area on the TV screen. Is anything erased or
cleared from the TV screen when the cursor goes to its home posi-
tion? No, the unshifted CLR/HOME key just moves the cursor to
its home base.

Letters, numbers, and other things displayed by the computer
on the TV screen are called ckaracters, so instead of saying num-
bers, letters, or symbols, from now on we’ll just say they are
“characters.” Is the cursor now “on top of,” or superimposed on a
character? This will depend on what you have displayed on your
TV screen. If the cursor is “on” a character, you'll see that the
character isn’t erased. Instead, when the cursor is off, the char-
acter is displayed normally. When the cursor is on, the character is
“printed” on the cursor.

Now that you have a few characters on the screen, let’s clear the
TV screen. The CLR/HOME key is used for this, since it has two
operations. The normal operation, HOME, places the cursor in its
home position. The second operation, CLR, clears the sereen. To
clear the TV screen, you must press/hold the SHIFT key and then
press the CLR/HOME key.
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Press the SHIFT key and, while holding it down, press the
CLR/HOME key. Now, let the SHIFT key pop up. What happens
to the characters displayed on the TV screen? Where does the cur-
sor go? The screen is cleared, and the central display area is
“erased” The cursor is moved back to its home position in the
upper left-hand corner of the TV screen. When the CLR operation
is done, the TV screen is cleared and the cursor is moved.

Can you think of another way to clear the screen? If you keep
the space bar pressed down long enough, everything will be
“pushed up” off the screen. This can take up to 40 seconds, and it
leaves the cursor at the bottom of the screen. The use of the
CLR/HOME key is much easier and quicker.

Experiment No. 1-4. Moving the Cursor

Uses the CLR/HOME key to clear the screen. Remember to use
the SHIFT key, too. Press the ASDFGHJKL keys located in the
middle of the keyboard to put these nine characters on the screen.
The keys are all in a row, from left to right on the keyboard.

Now use the CLR/HOME key to put the cursor at its home
base. If you cleared the screen, you pressed the SHIFT key and
the CLR/HOME key. Go back and type the characters again. Use
the CLR/HOME key without pressing [SHIFT] to get the cursor
back to its home base.

Now that you have a few characters on the screen, use the space
bar to move the cursor to the letter J in your line on the screen.
What happens as you press the space bar? The cursor can be
moved with the space bar, but it erases characters as it passes
over them. Actually, it doesn’t erase them, it just puts a space in
their place. The computer “sees” spaces as though they are char-
acters, even though it doesn’t print anything on the TV screen.

The two CRSR keys at the bottom right-hand corner of the
keyboard, shown previously in Fig. 1-11, let you move the cursor
without erasing or changing the display. The four arrows, two on
each key, show the directions in which the cursor can be moved;
up, down, right, or left.

Clear the screen with the SHIFT and CLR/HOME keys and use
the two CRSR keys to move the cursor down and to the right so it
is near the center of the TV screen. The arrows on the bottom of
the key tops show the direction the cursor will move. The SHIFT
key must be used to get the cursor to move in the direction shown
on the top of the CRSR key tops.
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This should be fairly easy to do, but you may need to practice
using the CRSR keys. Remember that you can always move the
cursor back to its home position by using the CLR/HOME key. Try
and move the cursor back to the home base by using the SHIFT
and the two CRSR keys. Can you do it? Just take your time and
get used to the operation of the keys. The CRSR keys are repeat-
ing keys, just like the space bar. You ean press them once and
move the cursor one position, or you can hold them down and the
cursor will move for as long as the CRSR key is pressed. Of
course, you’ll need to use the SHIFT key, too, to make the cursor
go up or to the left.

Clear the screen again using [SHIFT] and [CLR/HOME], and
type about 10 or 12 characters on the screen. Can you use the
CRSR keys to put the cursor on top of, or superimposed on, any of
the characters? Try it. When the cursor is “on top of” a character,
the cursor and the character flash, as shown in Fig. 1-12. “On top
of” doesn’t mean that the cursor is above the letter.

The CRSR keys can put the cursor anywhere on the screen,
within the central square area. The cursor does not erase char-
acters when it is moved with the CRSR keys. You'll soon find out
how you can use the CRSR keys to go back and make changes to
the characters and other information shown on the TV screen.

Now that you have had a chance to try the CLR/HOME and the
two CRSR keys, you will be able to use these keys when you need
them, or when you’re asked to clear the screen, send the cursor
home, or move the cursor in an experiment. It will take some
practice to get used to some of the special keys, but this is true for
all of the computer operations. The keyboard has some other fea-
tures, and we will look at these next.

YOUR ERASER

Everyone makes mistakes, so it’s a good idea to have an eraser
handy. The VIC 20 has a special key that can be used to “erase”
mistakes, and this is the INST/DEL key located on the keyboard,
as shown in Fig. 1-13. When this key is pressed, the cursor moves
to the left, erasing characters as it goes. This key can be used
when you are typing and discover a mistake. You can simply “back
up,” erase, and then continue typing.

We do not expect you to be an expert at using the INST/DEL
key after you read this section and do an experiment. We just want
you to know how this key can be used.
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Fig. 1-12. Putting the cursor on a character makes it seem to “flash.”

Fig. 1-13. The INST/DEL key located in the upper right-hand corner of the
keyboard.

Experiment No. 1-5. The INST/DEL Key

In this experiment, you will find out how you can “erase” mis-
takes by using the INST/DEL key. Use the CLR/HOME key to
clear the TV screen. Remember to use the SHIFT key, too, or you
will simply move the cursor to its home position. Once the TV
screen has been cleared, type the following:

THIS IS THE VICH

Leave the cursor so that it is just to the right of the letter C in
VIC.

Let’s assume that you wanted to type THIS IS YOUR VIC 20
instead of THIS IS THE VIC. You can go back and correct the
information typed on the TV screen by using the INST/DEL key.
Press the INST/DEL key once. What happens to the cursor? Is
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anything erased from the TV screen? The cursor moved one space
to the left. Since it was placed just to the right of the C in VIC, the
C was erased, leaving THIS IS THE VIE on the TV screen. Press
the INST/DEL key seven more times. What is left on the TV
screen now? You should see only THIS ISH on the TV screen.
Now type a space and then type YOUR VIC 20. You should now
have this on the TV screen:

THIS IS YOUR VIC 20m

Since the cursor is now to the right of the 0 in VIC 20, press the
INST/DEL key and hold it down, but release it after a few sec-
onds. What happens to the cursor now? The cursor moves to the
left for as long as the INST/DEL key is pressed. It erases char-
acters as it moves. When it reaches the left side of the TV screen,
it will go on to the line above, if there is one, and will continue to
erase whatever is there. When the cursor is moved back to the
upper left-hand corner (home) with the INST/DEL key, it will go
no further.

Clear the screen and move the cursor down four lines. Now type
the following:

ERASE THIS LINER

Now press the INST/DEL key and hold it down. What happens?
The line just typed is erased and the cursor goes from the left side
of the screen to the right side of the screen, but on the line above.
If you keep the INST/DEL key pressed long enough, the cursor
will move right back to its home position.

You can use the INST/DEL key to “erase” information on the
screen whenever you wish. Just remember that it backs up and
“erases” to the left of the cursor. The INST/DEL key also has an
insert (INST) operation that is used to make “openings” in groups
of characters so that other characters can be added with a
minimum of retyping.

You can use the CRSR keys to place the cursor in the middle of a
line of characters, then the INST/DEL key can be used to erase
and open spaces for changes. Here is another experiment that will
show you how the INST and DEL operations can be used together.

Experiment No. 1-6. Deleting and Inserting
What happens when the INST/DEL key is used to erase some-
thing in the middle of a line of characters? How do you insert char-

acters? You'll see how it’s done in this experiment.
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Clear the screen and move the cursor down four lines. Type the
following:

SEE HOW HE JUMPED

Move the cursor so that it is superimposed on the J in JUMPED,
as shown below:

SEE HOW HE [JUMPED

Use the SHIFT key and the left-hand CRSR key to do this.
Once the cursor is on top of the J, press the INST/DEL key once.
What happens to the characters on the TV screen? The space be-
tween HE and JUMPED is erased, so the line now looks like this:

SEE HOW HEJUMPED

Now press the INST/DEL key two more times. What happens
now? Can you describe what the INST/DEL key does when it is
used in the middle of a line of characters? The line is now, SEE
HOW JUMPED, with the cursor still on top of the J in JUMPED.
When the INST/DEL key is pressed, it “erases” a character to its
left. Any character under it, and characters to its right are moved
over to the left to take up the space left by the “erased” character.

Now we want to insert the word THEY, so that the line of char-
acters looks like this:

SEE HOW THEY JUMPED

The insert operation on the INST/DEL key can be used to
“open” spaces in a line of characters so that changes can be made.
How many spaces would be needed in the line SEE HOW
JUMPED to make it SEE HOW THEY JUMPED? You need five
spaces, four for the letters in THEY and one for the space between
THEY and JUMPED. To “open” five spaces, press/hold the
SHIFT key and press the INST/DEL key five times. Don’t hold it
down, since the INST/DEL key is a repeating key, and too many
spaces will be “opened.” What happens to the display on the TV
screen? When the SHIFT key is pressed and held and the INST/
DEL key is pressed, the cursor stays in its place, but it “opens”
spaces to its right. The characters to the right of the cursor are
pushed to the right, one space at a time, “opening” spaces in the
line of characters. Now that there are five spaces, you can simply
type THEY . Remember to press the space bar once for the space
between THEY and JUMPED.

Does the TV screen now display, SEE HOW THEY JUMPED?
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The GRAPHICS key works the same way as the SHIFT key. It
must be pressed and held when you want to display the left-hand
graphic symbol on the front of a key. Again, if your computer is
turned on, press/hold the GRAPHICS key and press the + key
and then the “B” key. You'll see a part of a “flag” and a square full
of “dots” displayed on the TV screen.

Experiment No. 1-7. Drawing Things

Use the CLR/HOME key to clear the screen. Press the SHIFT
key and hold it down. Now, press some of the keys with the
graphic symbols on the front. You should see the shapes, lines, and
other special symbols displayed on the TV screen. The cursor
moves one space to the right, just as it did when you were typing
numbers and letters in some of the earlier experiments. The
CLR/HOME and CRSR keys may be used to clear the screen, put
the cursor at home base, or place the cursor anywhere you want it.

Clear the screen again, press the GRAPHICS key and hold it
down. Now press some of the keys with the graphic symbols on the
front. You should see that you are printing the left-hand figure
shown on the key onto the screen. You can release the GRAPHICS
or the SHIFT key at any time to print the “normal” characters on
the screen.

The lines and shapes can be combined to make interesting
figures and designs. For example, clear the screen and move the
cursor away from the edges of the screen. Press the SHIFT key
and then press the “U” and “I” keys. Let the SHIFT key come up
again, and move the cursor down one space and to the left two
spaces. You'll have to use the SHIFT key with the CRSR keys to
move the cursor where you want it. You can probably do this with-
out any more help. Now, press the SHIFT key and then press the
“J” and “K” keys. What shape did you draw? You should find that
you have drawn a circle on the screen. What happens when you
print a shifted “W” key? A smaller circle appears.

Here is a more complicated figure you can create. Clear the
screen and move the cursor so it’s near the center of the TV
screen. Press/hold the GRAPHICS key and type the letters
“NBB.” Release the GRAPHICS key and move the cursor down
one line and three spaces to the left. Press/hold the GRAPHICS
key and type the letters “NBB” again. Release the GRAPHICS
key and move the cursor down one line and to the left three
spaces. Press the GRAPHICS key and the “N” key. Move the cur-
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sor down one line and to the left one space. Press the GRAPHICS
key and the “N” key. You should have the checkered winner’s flag
in the center of your TV screen.

It won’t take you long to learn how to use the graphic symbols,
since it’s more fun to draw things than it is to simply sit and type
numbers and letters. You can move the cursor anywhere on the
screen that you want to, and you can clear the screen as needed.
Here are a few things to keep in mind as you draw figures and
shapes with the special graphic symbols:

1. You can move the cursor “over” anything on the screen with-
out destroying it. If you want to change something, simply
use the cursor controls to get to the character or symbol and
retype it.

2. When you clear (CLR) the screen, your graphic artwork or
typing will be erased and you won’t be able to get it back.

3. When the cursor reaches the bottom border, you can move it
“down” another line, but this will cause everything on the
screen to move “up” a line. The top line will be pushed up
“off” the TV screen and lost. The display is said to “seroll” up.

4. When using the GRAPHICS key, you'll find that it acts just
like the SHIFT key when you use keys with two symbols on
the top. For example, pressing [GRAPHICS] and the “4” key
will print a dollar sign (§) on the screen.

COLOR FUN

When the computer is turned on, the color of the central area on
the TV screen is white, and the cursor is blue. If you have a color
TV set, you can change the color of the cursor and the characters
that are to be printed. If you have a black-and-white TV set, you
will see the color changes as shades of grey. The color of the cursor
is changed by using the number keys, “1” through “8.” In Fig.
1-17, you can see that these keys have three-letter color names on
the front of them, and these colors are also shown here:

KEY COLOR
“1" BLK Black
“2" WHT  White
“3” RED Red
“4” CYN Cyan
“5” PUR Purple
“6” GRN Green
“7" BLU Blue
“8"” YEL Yellow
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Fig. 1-17. The color codes are on the front of the number keys, 1 through 8.

The control key, marked CTRL, is used to change the cursor’s
color, and it is shown highlighted in Fig. 1-18, right below the “1”
key. If you press and hold the CTRL key and one of the color keys,
the color of the cursor will change to the color noted on the key.
When you release the color key, the cursor will stay the color you
have selected, unless you change it by pressing the CTRL key and
one of the other color keys.

Experiment No. 1-8. The Color Connection

Clear the screen. Press/hold the CTRL key and press the “1”
key to change the cursor to black. Now type the word, BLACK.
You should see BLACK printed in black letters on the screen. Can
you change the color to red? Press/hold the CTRL key and press
the “38” key, the one with the RED notation on it. Type the word,
RED. Change the color to cyan (CYN), which is light blue, and

Fig. 1-18. The CTRL key is at the upper left side of the keyboard under the
“1" key.
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type CYAN. Change the color to purple (PUR) and type PUR-
PLE, change it to green (GRN) and type GREEN. Change the
color to blue (BLU) and type BLUE, and finally change it to yel-
low (YEL) and type YELLOW. Do you have all of the colors
spelled out now?

If some of the colors look a bit odd, or if the shades don’t seem to
be right, you may want to adjust your color TV set, or have some-
one adjust it for you. If you have a black-and-white TV set, you
will see that the cyan, green, and yellow “colors” look light grey. It
is difficult to tell much of a difference between them.

Even when.you have changed the color, you can still use all of
the printing keys, including the special graphic characters. You can
change the color at any time to put green dots, purple triangles,
red squares, and other colorful figures on the TV screen. Many of
these are used in games, educational programs, and other pro-
grams where it is useful to use colors for emphasis or special ef-
fects. When you change from one color to another, the characters
already being displayed on the TV screen are NOT changed.

The computer can also “reverse” its display to highlight words,
numbers, or special symbols. You can turn the “reverse” on and
off, using the reverse on (RVS ON) and reverse off (RVS OFF)
keys, found on keys “9” and “10,” as shown in Fig. 1-19. The re-
verse operation is controlled by the CTRL key, as are the color
keys.

Experiment No. 1-9. Printing in Reverse

Clear the screen and change the color to black. Try to do this
without help, and without going back in this chapter. If you need
help, press/hold [SHIFT] and press [CLR/HOME]. Now, press/
hold [CTRL] and press [BLK] (the “1” key). That should do it.

To reverse the printing, press/hold the CTRL key and then

Fig. 1-19. The “9” and “0” keys also turn the reverse printing on or off.
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press the RVS ON key (the “9” key). Do you see any changes on
the screen? No, nothing has been printed yet. Type the word
TEST. What do you see on the TV screen now? The word TEST is
printed on the screen. The letters are the color of the big square
area on the TV screen (white) and they are printed on the color
you selected (black).

Change the color to yellow (press/hold [CTRL] and press
[YEL]D. The cursor should now be yellow, or light grey on a
black-and-white TV. Type TEST again. What do you see on the
screen? The letters are the same color as the large square area,
but they are printed on a yellow background. You can experiment
with reverse printing for the other colors, too.

To turn the reverse printing off, press/hold [CTRL] and press
[RVS OFF] (the “0” key). Now you will be able to type characters
normally. The areas that were printed in reversed colors stay that
way. They do not change.

When the reverse printing is turned on with the CTRL and “9”
keys, the characters already printed on the TV screen are not
changed. Only the characters typed after the change in the display
format are reversed.

We haven’t talked about the color white (WHT), found on the “2”
key. What do you think would happen if you change to this color?
If you decide to try it, you'll see that the cursor disappears. When
the printing color is changed to white and the background color is
white, you won’t be able to see the characters. White characters on
a white background don’t show up.

If you haven’t already changed to the color white, do it now.
Type some characters and change back to the color blue. Has the
cursor moved from where it was when you changed to white? Yes,
it has, since it still “prints,” even though you can’t see the char-
acters you've typed in. Remember that changing back to blue
doesn’t change those characters already typed to blue. They stay
the way they are, including the white characters you typed in (and
still can’t see).

SECRETS

We didn’t talk about the RETURN, RESTORE, or RUN/STOP
keys in this chapter. They are not secret keys, but they don’t have
much to do with the keyboard or TV display. These are action keys
that control the operation of the computer. We will talk about them
in another chapter.
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QUESTIONS

. How do you set up the computer to use channel 3 on the TV
set for its display?

. What types of keys are there on your VIC 20, and what
kinds of things do they do?

. What does the SHIFT key do?

. What two operations does the CLR/HOME key do?

. Why do you use the CRSR keys?

. Do any of the keys “repeat” their action if they are held
down for a while? Which keys do this?

. What does the INST/DEL key let you do?

. What does the GRAPHICS key look like, and what does it
do?

. How can you change colors on the TV screen?
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10. What color do you get when you press the SHIFT key and
the “6” key?

11. If you type several words and then change the color of the
cursor, is the color of the previously typed words changed,
too?

FOOD FOR THOUGHT

If you look at all the graphic symbols, you'll see that there isn’t a
symbol for a solid block, the size of the cursor. However, you can
display a solid block of color (not the cursor) on the TV screen.
How can this be done?
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2

Using a Small Computer

WHAT CAN YOUR COMPUTER DO?

Now that you're familiar with the keyboard, you're ready to
start using your VIC 20 computer for more than typing and draw-
ing, but what exactly do computers do? If you think about comput-
ers in a very general way, you'll find that they simply process in-
formation. In fact, computers were originally called electronic data
processors. Here are some ways in which computers are used:
traffic-light control, bank accounting, cash register, caleulator,
spacecraft, or satellite control.

Computers have to get the information they’re going to process
and they have to do something with it when they are finished, so
they also transfer information. Computers have two main func-
tions; processing and transferring information.

Let’s look at the satellite computer shown in Fig. 2-1 to see if
computers really work this way. The satellite’s computer gets in-
formation from various sensing devices that tell it where it is, how
fast it’s going, and so on. This information is processed and then
transferred to various devices; to the rocket motors to reposition
the satellite, and to a radio transmitter to send the new position
back to an earth station. The principle is the same; information is
transferred and processed.
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Fig. 2-1. Block diagram of a simple satellite computer system.

It’s a bit awkward to talk about information being transferred to
and from a computer, so the words input and output are commonly
used. For example, information is input to the computer and after
it is processed, it is output to a printer or a TV screen. In almost
all cases, input refers to input to the computer, while output refers
to output from the computer. The devices that put information into
the computer are simply input devices, and the keyboard on your
computer is a good example of one. Devices that receive informa-
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tion from the computer are output devices, and the TV screen is a
good example.

These devices are often put under the heading of input/output
devices and are called I/0 devices for short. Here are examples of
some I/0 devices that can be easily connected to your VIC 20 com-
puter:

I/O DEVICES USE
Game Paddle INPUT
Printer OUTPUT
Game Cartridge INPUT
Disk INPUT and OUTPUT
Cassette INPUT and OUTPUT

The disk and cassette I/O devices can be both input and output
devices, storing information from the computer and later transfer-
ring it back to the computer. The I/O devices are often called pe-
ripherals, and you will see this word used to describe all types of
I/O devices.

Youw’ll need to give the computer only a few simple instructions
to get it to input or output information, and we will describe these
later in this chapter.

SIMPLE PROGRAMS

Now that you have an idea of what your VIC 20 can do, you can
write some simple programs. You have already used the computer
to do some simple keyboard operations, and you may have played
some games or used the computer for something else. It’s really
pretty easy. Here’s a bit of history to ease you into programming
your VIC 20.

Just as we think and communicate using the English language,
the VIC 20 is set up to think and talk in a language called BASIC.
We'll just call it BASIC from now on. BASIC was developed at
Dartmouth College between 1963 and 1964, and its purpose has
been to provide beginners with a simple, easy-to-understand way
to use computers. BASIC is basic, and it gives you an ideal way to
start using your VIC 20 computer.

You can’t destroy your computer by programming it the wrong
way. You may not get the answer you want, or the computer may
tell you that you've done something wrong, but you can’t destroy
it. You're the computer’s master, too. You can always pull the
plug, walk away, and take a break. In fact, it’s a good idea to do
that every once in a while.
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GETTING STARTED

Your computer can be set up to process information for hours at
a time, but if you can’t get information in or out, the processing
doesn’t do you any good. So, your first step in programming is
learning how to get the computer to input information and to out-
put it, too. There are two “words” in BASIC that you can use to
tell the computer that it is to input and output information. They
are INPUT and PRINT. In almost all computer languages, these
are called commands, since you use them to command the com-
puter to do something.

In the VIC 20 computer, you use the INPUT command to get
information from the keyboard. You use the PRINT command to
put information on the TV screen so you can see what the com-
puter has done. These commands are easy to use and you’ll get a
chance to try them very soon.

You will write simple BASIC programs using individually num-
bered instructions, or steps, for the computer. This lets you and
the computer keep track of where you are and where you are go-
ing. In BASIC programs, each operation or command is put in a
separate “sentence” or line. The lines are numbered in sequence
with line numbers, much like the numbered steps in instructions
for assembling a bicycle.

Here is a simple BASIC program that will give you an idea of
what’s ahead:

10 INPUT ALPHA
20 PRINT ALPHA

In this simple program, line numbers 10 and 20 are used to guide
the computer through the program, one line at a time. Lines 11
through 19 aren’t “missing,” they just haven’t been used in this
program. The computer simply goes from one line number to the
next highest one, so after finishing the command at line 10, it goes
to the command at line 20. Most people who write computer pro-
grams in the BASIC language use line numbers that are multiples
of 10, starting with 10; 10, 20, 30, and so on. You don’t have to
number your lines this way, but most programmers do. The follow-
ing program will do the same thing as the preceding one:

12 INPUT ALPHA
130 PRINT ALPHA

What does this simple program do? Here’s a general description:
The first thing it does is to command the computer to get a value
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from the keyboard INPUT ALPHA). We have told the computer
that we want this number to be called ALPHA, so we can easily
identify it later on in the program. Once the value has been typed
in and labeled ALPHA, the computer prints it on the TV screen.

Experiment No. 2-1. A Simple Input/Output Program

In this experiment, youw’ll learn how to use the keyboard to put a
short program into the computer. This is called entering a pro-
gram.

Turn on your computer. If it is on, turn it off, wait a few sec-
onds, and turn it back on. This will give you a fresh start, clearing
the computer and the screen.

Type in the following program, one character at a time. Use the
RETURN key on the right side of the keyboard to tell the com-
puter when you have finished typing or entering each line. We'll
show the RETURN key in brackets, [RETURN], so youll know
when to press it. Don’t worry if you make a mistake. We’ll show
you how to correct it in a minute.

10 INPUT ALPHA [RETURN]
20 PRINT ALPHA [RETURN]

The RETURN key tells the computer that you have finished an
operation. You'll find that using the RETURN key becomes second
nature, but we’ll tell you when to press it in the first few experi-
ments to get you started. Remember, you don’t type the word
“RETURN,” you just press the RETURN key.

Now you will check to be sure that your program has been
entered into the computer correctly. You can ask the computer to
“list” your program on the TV screen so that you can review it and
check for any errors. This is called listing your program.

To list a BASIC computer program on the TV screen, simply
type the word LIST and press [RETURN]. Go ahead and type
LIST [RETURN]. What happens on the TV screen? You should
now see your program displayed on the TV screen. This type of
display is called a “listing.” Check the listing displayed on the TV
screen with the previous program to see if you have entered the
program correctly. If you have made mistakes while typing or
entering the program, don’t worry, they are easy to correct.

If you slipped and used an incorrect line number, when you list
your program it might look like this:

10 INPUT ALPHA
29 PRINT ALPHA

45



You can remove line 29 from your program by typing just the
line number followed by [RETURNJ; that is, 29 [RETURN]. You
can also retype any line that is incorrect. You don’t have to erase it
first. Just start with the same line number, retype the information
and press the RETURN key. The computer automatically replaces
the old line in your program with the new one.

Now, retype any incorrect lines and erase any incorrect line
numbers. You can retype incorrect lines as many times as needed
until you get them right. You can also list your program as many
times as you want to check it. Before going on, be sure your pro-
gram looks like this:

10 INPUT ALPHA
20 PRINT ALPHA

Change line 10 by typing this into the computer:
10 INPUT ALFA [RETURN]

Type LIST [RETURN] and see what has happened to your pro-
gram. You should see the following listing on the TV screen:

10 INPUT ALFA
20 PRINT ALPHA

Could you get line 10 back to: 10 INPUT ALPHA? It’s not
difficult to do, simply retype the correct line and press [RE-
TURN]. Let’s put another line in the program and change line 10
at the same time. Type in the following:

10 INPUT ALPHA [RETURN]
36 INPUT COUNT [RETURN]

Now list the program by typing LIST [RETURN]. The program
listing should look just like this:

10 INPUT ALPHA
20 PRINT ALPHA
36 INPUT COUNT

When lines are entered from the keyboard, they can be entered
in any order. The computer automatically sorts them out and will
print them in the correct order when you list the program. Just
remember to use the RETURN key when you finish typing each
line.

Do you remember how to get rid of the command at line 36? You
can simply type 36 [RETURN]. Do this, and then list the program
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on the TV screen by typing LIST [RETURN]. You should see only
lines 10 and 20 in the listing:

10 INPUT ALPHA
20 PRINT ALPHA

In this first programming experiment, you have already learned
quite a bit. You have:

» Entered a simple computer program.

» Used several different line numbers.

+ Corrected errors in line numbers.

» Added and deleted lines.

+ Learned how to list a program on the TV screen to see that it
is correct.

Leave your computer on if you're going to go ahead to the next
section. Otherwise, you can turn it off. Remember that you will
not “hurt” or “destroy” the computer by typing in incorrect lines or
commands. The computer may not understand what you're asking
it to do, and it will let you know quickly. You can’t hurt it through
errors in your programs, either.

Experiment No. 2-2. Running Your Program

Now you will learn how to tell the computer to run or “do” a
simple two-line program, and you will learn how the RUN com-
mand is entered from the keyboard.

So far, you've simply entered a program and checked it to be
sure it was entered correctly. If the following program is not in
your computer, enter it now:

10 INPUT ALPHA
20 PRINT ALPHA

When typing in a program, remember to press the RETURN
key after typing each line:

10 INPUT ALPHA [RETURN]
20 PRINT ALPHA [RETURN]

How do you get the computer to run the program? What do you
think will happen when the program is run? You start a BASIC
program by typing RUN [RETURN]. You would type the three
letters R, U, and N, and press the RETURN key. Don’t get con-
fused by the RUN/STOP key on the left side of the keyboard. This
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key has a special use, but it doesn’t start programs. DON'T USE
IT!

When a program is started with a RUN command, the computer
goes to the lowest line number and starts to do the things that you
have told it to, one line at a time. In this case, the computer goes
to line 10 and starts an INPUT operation. You'll probably re-
member that an INPUT command asks you to enter information
from the keyboard.

Before you run your program, clear the screen. Do you re-
member how to do this? (Press/hold [SHIFT] and press [CLR/
HOME].) Type RUN [RETURN]. What happens on the screen?
Your screen should look like this:

RUN
(L

The question mark and flashing cursor show that the computer is
waiting for you to enter information from the keyboard. In this
case, the computer is waiting for you to type in a number, or
value. To enter a value, you simply type in the numbers you want
to enter and then press the RETURN key, for example, 1239
[RETURN].

Type in the three-digit number, 345. Does anything happen?
You must press the RETURN key to tell the computer that you've
finished entering information. Once you have entered your number
and pressed the RETURN key, your screen should look like this:

RUN
? 345
345

READY.
]

The computer has input the value with the INPUT ALPHA
command, and it has printed it with the PRINT ALPHA com-
mand. The label ALPHA was used to identify the value for the
computer. The value we chose for this experiment was 345. Any
numeric value (within the computer’s range) could have been
entered with similar results. There is nothing special about the
choice of 345.

Run the program again by typing RUN [RETURN]. Now enter
a number of your choice between zero and a million. Don’t forget to
press [RETURN] to tell the computer that you have finished typ-
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ing your value. Did the computer display the value properly? It
should have.

When the READY message and the flashing cursor are dis-
played, this tells you that the computer is READY for you to tell it
what to do. You could tell it to run a program again, print a listing
of a program, or accept some lines typed in for a new program.

Do you think the computer “used up” your program? You can
ask the computer to list your program to see if it’s still there. Go
ahead and type: LIST [RETURN]. Is the program still in the
computer? It should be.

Experiment No. 2-3. Bad Data

Now you will program the computer to input a value labeled
ALPHA. When the computer “asks” for the value, you will see
what happens if you try and trick it by entering something else.

If the following program is not in your computer, enter it from
the keyboard:

10 INPUT ALPHA
20 PRINT ALPHA

If you are unsure of how to do this, go back and do Experiment
No. 2-1, then do this experiment.

Clear your screen and run the program. (Hint: Simply press/hold
[SHIFT] and press [CLR/HOME]. Now type in: RUN [RE-
TURN].) Let’s try and fool the computer. Since the computer ex-
pects you to type in a value; that is, several numbers, what do you
think will happen if you type in letters instead?

When you have started the program and the question mark can
be found on the TV screen near the flashing cursor, type in the
characters, WAS, and press the RETURN key. What shows up on
the TV screen after you press the RETURN key? The computer
prints:

RUN

? WAS

?REDO FROM START
?n

This message tells you that your letters, “WAS,” were “thrown
out” by the computer, because it expected you to type in a value,
instead. It knows that “WAS” isn’t a value, so it gives you another
chance to input a number.
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Now type in 5.8.9. [RETURN]. What is displayed on the TV
sereen? The information you typed in, 5.8.9., isn’t a value, so an-
other REDO message appears and the computer gives you another
chance to enter a value.

Type in $456 [RETURN] and see what happens. The REDO
message appears again. Is this what you expected? Maybe you
thought the computer would accept $456 as a value. Is $456 a
number? It looks like four hundred and fifty six dollars to you and
me, but the computer throws it out. Why? The dollar sign is a
short-hand notation that is used by people in place of the word
“dollars.” The computer doesn’t know that a dollar sign represents
money. In fact, it doesn’t “know” that a $ is a dollar sign. To the
computer, it’s just another non-numeric character.

So far, the computer works only with values, so you can’t type in
15 POUNDS, 34 OUNCES, or 1250 SWISS FRANCS. It will only
work with 15, 34, 1250, or some other value. Remember the com-
puter wants you to enter values with only the digits 0 through 9.
You can also use one decimal point and either a plus (+) or minus
(—) sign, but that’s all. Here are some examples:

0.00987 —987.084 +345 42 —0.081

Notice that no %, #, $ or other special symbols are used with
these values. If they are, the computer will not accept your infor-
mation. The plus sign in front of 345 is not really needed, since
+345 and 345 are the same. As far as the computer is concerned,
the following are not values:

#7 $47.98 15%

LABELS, LABELS, EVERYWHERE

Although you may not have realized it, the computer used a
“label” to identify the values you typed in in the experiments you
just did. Labels are very important, since they let the computer
keep track of its information.

Can you imagine walking into a drug store that didn’t have
labels on any of the bottles or packages? How would you find the
aspirin? It sure would be confusing. What about having a checking
account with a bank that didn’t use names or account numbers:

“I’d like to cash a check, please.”
“Which account is yours, madam?”
“Well, I have $458.98 in it.”
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“Yes, madam but we have 15 accounts with $458.98 in each one.
Which one is yours?”

It’s pretty hard to imagine life without “labels” or names for
things so we can identify them. Computers have the same problem;
we need to label or identify information for them, so they know
what to do with it and how to process it.

Here’s a problem for you. You sold 14 cartons of eggs and there
are 12 eggs per carton, how many eggs were sold? Everything in
this problem has a “name”; cartons, eggs-per-carton, and eggs.
You can set up the problem as shown in Fig. 2-2. When you’re
finished solving the problem, the answer is given the label, EGGS.
In fact, this same type of “problem solving” can be used in a com-
puter program. The only difference is that most computers use an
asterisk, *, in place of the usual multiplication sign, x. Here is the
calculation part of the program.

EGGS PER CARTON = 12
CARTONS =14
EGGS = EGGS PER CARTON * CARTONS

In this problem, we first assigned the value of 12 to the label,
EGGS PER CARTON, and we assigned the value 14 to the label,
CARTONS. Of course, the word CARTONS isn’t equal to 14, that
doesn’t make any sense. At the end of the problem, we’ve given
the total number of eggs (168) the label, EGGS. Now, you could
tell the computer to print the number of eggs you sold. It’s not
difficult at all.

Fig. 2-2. Using labels to identify information.
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What do you think the computer would do if you forgot to give a
value to the label, CARTONS? The computer would look at the
label, CARTONS, and find that there was no value attached to it.
Without a value for CARTONS it would tell you that it couldn’t
figure out the number of EGGS. You couldn’t figure it out either.
The computer wouldn’t say, “HOW MANY CARTONS,
DUMMY?”, but it might say “ERROR . . .”. So, you can see how
important labels are.

VIC 20 LABELS

In the VIC 20 computer, labels can have up to 255 characters,
but the first character must be one of the letters of the alphabet, A
through Z. The characters that follow the first letter can be num-
bers or letters, and you can use spaces as in EGGS PER CARTON
to make labels readable. It’s not too easy to read EGGSPERCAR-
TON. Which of the following labels could be used in your VIC 20
computer?

DAYS EGG ROLLS MARKER
MOTHS ACCOUNT NUMBER DATE OF TEST
30TH TA ACT3

Except for 30TH and TA the other labels are fine. These two
don’t follow the rule of using a letter to start a label.

It’s more meaningful to use the label, EGG ROLLS, for the
number of egg rolls sold than to use the totally unrelated label,
MCW. Someone looking through a program is going to wonder
what MCW stands for. There’s not much question about the label,
EGG ROLLS. Meaningful labels serve a purpose, allowing you to
clearly identify things.

However, the VIC 20 computer uses or “sees” only the first two
characters in a label. This means that in the preceding list, while
you see ACCOUNT NUMBER and ACT3, the VIC 20 sees the
two-character label, AC, for both. The same is true for the labels,
EGGS and EGGS PER CARTON. Avoid choosing labels with the
same first two letters, or the VIC 20 will think they are the same
thing! This just happens to be the way the VIC 20 operates.
Larger computers use many more characters in their labels, sim-
plifying things a lot. Well, you can’t have everything in a small
computer.

Since the VIC 20 uses only the first two characters, how
would you get around this in the egg-counting problem we dis-
cussed before? Try the following:
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CARTONS = 14
AMT PER CARTON = 12
EGGS = AMT PER CARTON * CARTONS

Now there is no conflict between the first two letters in any of
the labels. The computer sees:

EG as the label for EGGS
AM as the label for AMT PER CARTON
CA as the label for CARTONS

This seems to be fine, and it brings us to two programming
rules:

Rule 1: Make your labels meaningful.

Use meaningful labels for things. If you use labels such as YT
for eggs, QW for eggs per carton, and P for cartons, your calcula-
tion will look like this:

YT=QW*P
With these labels, it’s not easy to see what you’re doing.

Rule 2: Avoid using the numbers 0 and 1, or the letters O or I,
in labels.

The numbers 0 and 1 are easily confused with the letters O and
I, and if you look at a label quickly, it’s easy to be confused. For
example, VO; is it vee-oh or vee-zero? It may be difficult to tell.

Experiment No. 2-4. Short labels

This experiment will show you that the computer really uses
only the first two characters in the label to identify information.

In the following program, the label BETA is used to identify a
value, but the VIC 20 will use only the first two letters, BE, to
identify information. Let’s try and confirm this.

Type the following program into your computer. Don’t forget to
use the RETURN key at the end of each line:

10 INPUT BETA
20 PRINT BETA

List the program on the TV screen to check that it has been
typed in correctly. Run the program and test it by entering 234 or
any other three-digit number. You should see the 234 or your
three-digit number printed on the screen, followed by the READY
message.
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If an error message, or something else unexpected is displayed
on the TV screen, check your program again. You can list a pro-
gram on the TV screen at almost any time, but you can't list it
when the computer is waiting for you to input information. That is,
when the flashing cursor is “waiting” after a question mark on the
TV screen.

Once the two-line program has been run and tested successfully,
change line 20 to:

20 PRINT BE

Remember, you just type in the new line 20, as shown, and
press the RETURN key. The new line is substituted for the “old”
line 20 in the program. List your program, and it should look like
this:

10 INPUT BETA
20 PRINT BE

Run this program and type in a value. Does the computer oper-
ate the same way it did when the PRINT BETA command was
used at line 20? It should, since the VIC 20 computer uses only the
first two letters of a label to identify the information. This means
that you shouldn’t try and use the labels BETA and BE for differ-
ent pieces of information in a program, since the computer will
think they are the same. Be careful!

THE COMPUTER INFORMATION DIET

Your VIC 20 computer can process or “work on” two general
types of information. The first type of information is simply a
value, and you have already seen that the computer can input and
print a value. Later you will see how the VIC 20 can add, subtract,
multiply, divide, and use the values in other ways. The VIC 20 can
work with some very large and small numbers, probably larger
and smaller than you can imagine right now.

Suppose that you want the VIC 20 to keep a list of names and
phone numbers. How does the computer work with a name such as
Stew Watson? It’s pretty obvious that a name such as this can’t
have a value, so this brings us to the second type of information
that the computer can process; groups of characters, just like the
ones in this sentence. You’ll remember that we talked about char-
acters in Chapter 1, and you learned that characters are simply
symbols such as A through Z.

The computer “sees” Stew Watson’s name as a group of char-
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acters; S, T, and so on. Once the computer has groups of char-
acters, it can see if two names match, it can put characters to-
gether to form sentences, and it can search a mailing list for all
your friends in Washington, D.C. There are lots of useful things
you can do with groups of characters, and computers use them
every day. Since groups of characters is a bit of a mouthful, the
word string is used to identify these groups.

The following list contains both “values” and “strings.” Try and
figure out which group each belongs in. You can circle your an-
swers or use a sheet of paper.

Smith String or value
12.87 String or value
Green paint String or value
23 String or value
Main Street String or value
24060 String or value

Smith, Green paint, and Main Street are all strings. It’s not easy
to tell if 12.87, 23, and 24060 are values or strings. The 24060 looks
like a ZIP or mail code. Maybe it’s not really twenty four thousand
and sixty, but two-four-oh-six-oh. Since the computer lets you put
labels on things, it’s really not that difficult to tell the strings and
values apart.

TYPES OF INFORMATION AND LABELS

Labels are used to identify information, and they are also used
to tell the computer what type of information is going to be pro-
cessed. If you want to give labels to values, just use letters and
numbers in the label. The first character in a label must be a letter,
A through Z. For example:

BALANCE = 234.76
TEST NUMBER = 70
M32 = 34689

MILLI = 0.001

Just remember that the longer labels are for your convenience;
the VIC 20 sees them as the first two characters:

BA = 234.76
TE =70

M3 = 34689
Ml = 0.001
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When the computer is going to process strings of characters,
labels are also used, but you put a dollar sign ($) at the end; for
example, TEST$. The dollar sign is a signal to the computer that
the label is assigned to a string, and not to a value. Here are a few
examples:

NAME$ = “BOB EBBS”
DATE$ = “SEPTEMBER 17, 1948”
TEST$ = “TESTING, 1, 2, 3.”

The VIC 20 sees the string labels as the first two characters and
the dollar sign:

NA$ = “BOB EBBS”
DA$ = “SEPTEMBER 17, 1948”
TE$ = “TESTING 1, 2, 3.”

In a previous example, the value 70 was assigned to the label,
TEST NUMBER. Would this confiict with the use of the label,
TESTS$, for a string?

TEST NUMBER = 70
TEST$ = “TESTING 1, 2, 3.”

No, there is no conflict, since these are two different types of
information, and the computer sees the label, TE, identifying a
value and a different label, TE$, identifying the string.

TE =170
TE$ = “TESTING 1, 2, 3.”

. Note that string labels always end with a dollar sign. This in-
formation tells the computer that your string is simply a collection
of characters and not a value, even though numbers may be used
quite properly in a string of characters, as shown.

(NOTE: The closing quote mark at the end of a string is not
required, but we think it makes good sense to use it. The closing
quote mark clearly shows where the string ends. We will use both
quotes throughout this book.)

Here are some examples of labels and the information assigned
to them. Can you tell which ones are in the proper form, and which
ones are not?

(a) SAMPLE = 34.8972
(b)) GUN = “M-16 RIFLE _
(c) NUMBER OF NAMES = 45
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(d) CITY$ = “HAMILTON”

() LENGTH = 12

(® TIME$ = ONE O’CLOCK

() DOLLARS = ONE

(h) DIRECTION = “ONE WAY”

Here are the answers:

(a) Correct.

(b) Incorrect. The label, GUN, needs to be GUN$, and we rec-
ommend a quote mark at the end of the string: GUN§$ =
“M-16 RIFLE”

(c) Correct.

(d) Correct.

(e) Correct.

(f) Incorrect. The ONE O’CLOCK must be put in quotes to be a
string: TIME$ = “ONE O’CLOCK”

(g) Incorrect. It’s hard to tell if it’s supposed to be DOLLARS =
1 or DOLLARS$ = “ONE”

(h) Incorrect. The DIRECTION label needs a dollar sign at the
end: DIRECTIONS$ = “ONE WAY”

Experiment No. 2-5. Inputting Strings

If the VIC 20 computer is to work with strings, there must be
some way to input them. In this experiment, you'll see how labels
for strings can be used in INPUT commands.

You can use the computer to input strings of characters in place
of values. All you have to do is use a label for a string in the
INPUT command in place of a label for a value. This tells the com-
puter what type of information is to be typed in from the
keyboard. Enter the following program into your computer:

10 INPUT TY$
20 PRINT TY$

You now have the label TY$ set up to identify the string that is
to be input by the INPUT TY$ command at line 10. The PRINT
command at line 20 uses this label to locate the string to be printed
on the TV screen. The dollar sign at the end clearly identifies the
string type of label.

Clear the screen and run the program. When the question mark
and flashing cursor appear, type in:

VIC FUN
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Did you forget to press the RETURN key after typing VIC
FUN? If so, press it now. What does the computer print on the TV
screen? You should see this on your screen:

RUN
? VIC FUN
VIC FUN

READY.
]

Run the program again and type in another short string of your
own. Is it displayed on the TV screen? It should be.

Run the program again and type in the numbers 12345. What is
displayed on the TV screen? Did you expect an error message or a
REDO message because you entered a number? The computer
simply displays 12345. There is no error message, nor a REDO
message, because the computer simply treats 12345 as a string of
five characters, which just happen to be digits. We used the string
“September 17, 1948” in one of our examples earlier in this chap-
ter. The date has no “value,” it’s just a string of characters to the
computer. This means that you must distinguish between strings
and values when you use labels in your programs.

Experiment No. 2-6. Mixed Labels

The VIC 20 computer can input and use strings and values in the
same program. The proper labels are all that are needed. Load the
following program into your computer:

10 INPUT XP
20 INPUT TR$
30 PRINT TR$
40 PRINT XP

Run the program. When the first question mark appears, type in
a value. When the second question mark appears, type in your last
name. What happens when you press the RETURN key after typ-
ing in your name? The computer prints your name and then it
prints the value you typed. The computer was able to label each
piece of information so it could use it later. The type of label used
lets the computer tell whether it is to work with a value or a
string. Change lines 20 and 30 to:
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20 INPUT XP$
30 PRINT XP$

The complete program should now look like this:

10 INPUT XP
20 [INPUT XP$
30 PRINT XP$
40 PRINT XP

Run the program and again enter a value after the first question
mark, and then a string of five or six letters after the second ques-
tion mark. Are the string and the value displayed as you expected?
They should be. To the VIC 20, XP and XP$ are two different
labels, one for a string (XP$), and the other for a value (XP).

If you were trying to use the computer, it would be very difficult
to know when to type in a value and when to type in a string in
response to the question mark and flashing cursor. Now you’ll
learn how to make your programs easier to use.

INTELLIGENT QUESTIONS AND ANSWERS

In the previous program examples and experiments, you used
simple programs that input information from the keyboard and
then displayed it on the TV screen. When the computer was wait-
ing for you to input information, it displayed a question mark and
the flashing cursor:

?7m

When you see this on the TV screen, there’s no way of knowing
what the computer is waiting for. Maybe it needs your name (a
string), or perhaps it’s waiting for your bank account total (a
value); who knows? Imagine that a friend has sent you a check-
account program to run on your VIC 20. Your friend promises that
the program will quickly and painlessly balance your checkbook.
This sounds great. You type in the long program and run it. The
computer responds with the ? B display. What’s next, the number
of checks, the starting balance, or something else? You would need
a complete instruction book just to run the checkbook program.

To help you use the computer, you can put special messages in
the INPUT and PRINT commands, along with the usual labels for
values and strings. These messages will be displayed on the TV
screen when the computer is doing INPUT and PRINT commands
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so that you’ll know what you are to type in, and what is being
“printed” on the TV screen.

‘When messages are used, you can get this type of display on the
TV screen:

POUNDS OF CLAMS CAUGHT TODAY? 480
COST PER POUND IN DOLLARS ? 3.40
GROSS INCOME = $ 1632

YOUR WEEKLY CATCH = 1257 POUNDS

This display is much more meaningful than seeing the following
on the TV screen:

? 480
? 3.40
1632
1257

It is much easier to see what is happening in the first example.
Someone has caught 480 pounds of clams and sold them for $3.40
per pound. The gross income was $1632. The computer program is
also keeping track of the weekly total catch. In the second exam-
ple, the same information is typed in, processed, and displayed,
but without the messages the user doesn’t know what the com-
puter is requesting or displaying.

It is easy to “build in” messages in INPUT and PRINT com-
mands, so that “questions” are asked, or “answers” are printed.
Here are some examples of how the computer can be programmed
to provide this extra information:

INPUT “ENTER STRING”; TY$

PRINT “EGGS SOLD = " EGGS
INPUT “NUMBER OF STUDENTS”; NS
PRINT “NAME FOUND IS * NAME$

In each of these examples, a message has been put into the
command. These messages are enclosed in quotes, and they have
absolutely no effect on the INPUT or PRINT operations. The
computer simply puts the information between the quote marks on
the TV screen as an aid. You can put almost anything you want in
these messages to make the computer easier to use.

There are just a few things to remember when these types of
messages are to be used. First, the message must be placed beween
quote marks. Second, for INPUT commands, there must be a
semicolon (;) between the message and the label. A semicolon is
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not used for the PRINT commands. The INPUT and PRINT
commands shown above with messages in them follow these rules.

Let’s look at an example. If the following INPUT command is
used in a program:

INPUT “TYPE YOUR NAME”; NAME$

the computer will print, TYPE YOUR NAME, on the TV screen
as part of the keyboard input process. Now, you know what you
are supposed to type in when you see the flashing cursor on the
screen. In fact, it will look like this:

TYPE YOUR NAME? B

The question mark is placed right after NAME, and the cursor
shows you that the computer is ready to accept information from
the keyboard. Using the messages in INPUT commands certainly
makes the computer easier to use. The same thing can be said for
the PRINT commands, since messages are used to tell you what is
being displayed on the screen.

You can also put messages in PRINT commands by themselves.
They are used simply to print information on the TV screen. No
labels are used with these PRINT commands, since they don’t
print anything but the “message.” Here is an example:

100 PRINT “CHECK ACCOUNT PROGRAM”
120 PRINT “COPYRIGHT 1983”
140 PRINT “ELIZABETH SCOTT”

If these lines are used in a program, they will print the informa-
tion between the quotes on the TV screen to identify the program
and its author. In the TYPE YOUR NAME example shown previ-
ously, you might want to remind the user to press the RETURN
key when entering information. You could put a message in several
PRINT commands to print this reminder on the screen at the start
of the program:

10 PRINT “WHEN ENTERING YOUR"”
20 PRINT “INFORMATION TO THE”
30 PRINT “COMPUTER, DON'T”

40 PRINT “FORGET TO PRESS THE”
50 PRINT “ RETURN ”

60 PRINT “KEY WHEN YOU ARE”

70 PRINT “FINISHED.”
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In the fifth command, some spaces have been used so that the
word RETURN will be printed toward the center of the screen to
emphasize it. You can also print other things, such as:

100 PRINT ‘“r*srssssrsssssransn
120 PRINT ‘* TEST PROGRAM*”
140 PRINT ‘*#srsssssrssnssnnsn

In later chapters, we will tell you about some of the other inter-
esting things that you can do with the PRINT commands.

Experiment No. 2-7. Printing Messages

Since messages are helpful to computer users, they are impor-
tant parts of almost every computer program. Now you will see
how they can be used in a practical program.

Type in the following program and use the LIST command to
check it:

10 PRINT “STRING INPUT TEST”
20 INPUT “TYPE YOUR NAME”; NAME$
30 PRINT “SO YOU'RE "’ NAME$

Now run the program. Don’t forget to press the RETURN key
after typing your name. What is displayed on the TV screen? You
should see something like this:

STRING INPUT TEST
TYPE YOUR NAME? JIMMY
SO YOU'RE JIMMY

READY.

|

Change line 30 to:

30 PRINT “SO YOU’'RE” NAME$

Be sure that the closing quote mark comes right after the E in
YOU’RE. Run the program and type in a name. What does the
display look like? It should look something like this:

SO YOU'REJIMMY

The extra space at the end of YOU’RE in the message is used to
space the message and the string. You can use extra spaces to
center and align information in the messages on the TV screen.
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The use of messages in PRINT and INPUT commands makes
programs meaningful and easy to use. Without using messages, it
is almost impossible to know what you are supposed to do with a
program, or how to use it. In the programs that will be discussed
and developed in the following chapters, youw'll see that messages
are used extensively.

CONCLUSION

You have seen quite a bit of new information about computers in
this chapter, particularly if this is your first time using a small
computer. You have seen that computers can process information
and transfer it in and out. The VIC 20 computer can process both
values and strings, and in this chapter you saw how labels can be
used to identify information that the computer is to use. Labels
were used to distinguish between actual values to be processed and
strings of characters.

Although no information was “processed” in any of the experi-
ments, you learned how INPUT and PRINT commands can be
used to tell the computer to get information from the keyboard and
to display, or print, it on the TV screen. You also found that the
VIC 20 uses only the first two letters in a label, and that it can be
confused by labels such as BEACH and BEETS, since the first two
letters are the same. In the last section, you found that the
INPUT and PRINT commands can be expanded to include mes-
sages that can be printed on the TV screen so that the input and
output processes give the user guides as to what is happening.

In the next chapter, we will introduce you to the actual process-
ing of information within the computer, and we will also tell you
how you can control the operation of the computer. Some new
keyboard operations will be introduced, too.

QUESTIONS

Here are some questions that you can answer to check your un-
derstanding of the ideas presented in this chapter. The answers
are provided in the back of the book.

1. What types of information can be used with the VIC 20?
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2. What are the two general types of operations that all com-
puters perform?

3. Which of the following would be considered valid labels for
information in the VIC 20 computer?

LABEL $LABEL DO NUTS SPAGHETTI
TYPES$ 31ST STREET AITESTS EGGS$
VIC$ SPEND$ 3STATE$ SPELLER

4. If the valid labels in the above list were all used in one com-
puter program, would there be any conflicts? If there are
conflicts, what are they?

5. Find the errors in the following labels or information. What
are they?

(a) TEST = $56

(b) TIME = “TEN OF FIVE"$

(¢ TM = 56.89

(d) LINK$ = NUMBER OF TESTS
(e) SEEDS = T8

(f) LINES = “10 LINES PER INCH

6. The following PRINT and INPUT commands have messages
in them. Which ones are incorrect? What is wrong with
them?

(a) INPUT “YOUR NAME, PLEASE”, NAME$
(b) PRINT “TEST RESULTS

(¢) PRINT “BALANCE IN ACCT ="; BAL

(d INPUT “ TODAY’S SPECIAL ”

(e) INPUT “ENTER THE YEAR”; YR$

(f PRINT “THIS IS A VIC 20”



7. If you enter a program line with the wrong line number,

how do you “erase” it from your program?

8. If you make a typing error in entering a line in your pro-

gram, how can you correct it?

9. Describe how you start a program once it has been typed
into the computer.

10. Describe how to list a program that is already in your com-

puter.

FOOD FOR THOUGHT

The following are provided as things to think about. You may
not know the answers, but you can try and think out a logical an-
swer for each. You can also try and run programs on the computer
to see what happens.

1. If you run the following programs, what will happen?

(a 10
20

(b) 10
20

() 10
20

INPUT NAME$
PRINT NA

PRINT NA
INPUT NA

PRINT NA
INPUT NAMES$
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(d) 10 INPUT “TEST VALUE”; VLU
20 PRINT VLU
30 PRINT VLU
40 PRINT “ ” VLU

2. If the labels TEAM SPORTS, TEAMS, and TEETHS$ are all
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Number Crunching

In the previous chapter you learned how the computer keeps
track of information by assigning labels to it. You also learned that
the VIC 20 computer can operate on numbers, or values, as well as
work with strings of characters. In this chapter, we will concen-
trate on how the computer uses values, and you’ll see how to make
the computer do simple arithmetic operations such as addition and
subtraction. You will also find out how the computer can do several
things at once, and how programs can be made more efficient.

SIMPLE ARITHMETIC

The VIC 20 can do many interesting things with numbers, but in
this chapter, we'll concentrate on the simplest arithmetic or math
operations; addition, subtraction, multiplication, and division. Your
VIC 20 can do many other complicated things with numbers and
values, but we'll leave these for later. The four simple operations
are a good place to start.

The four basic math operations are very common and we use
them frequently without even thinking about them. You can
quickly add a few prices to see if you have enough money, and you
can multiply the kids at a birthday party by the cookies each will
eat to see if you have enough. Even though you don’t think about
it, you're doing simple, and even complicated math in your head.
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Unfortunately, a computer can’t just run off a simple calculation
without first having been “told” exactly what to do. This is called
“programming” the computer, since you set up a step-by-step pro-
gram of things for the computer to do. Computers don’t know any-
thing about the cost of groceries or how many cookies kids eat at
parties, so every piece of needed information must be put into the
computer right at the start.

SETTING UP THE PROBLEM

Here are a few examples that show how simple math problems
can be set up. You can probably think of many others:

235 290 30 4782
+68 —79 x9 71

In these problems, the two values are put one over the other,
but you could just as easily have written them on a line like this:

235 +68=17290-T79 =7 30x9=7 4782 /171 =?

It may not be easy for you to solve the second set of problems in
your head, or on paper, since the columns of digits aren’t lined up.

In the VIC 20, math problems are set up in almost the same
way. There are two slight differences; (1) a label is used to identify
the “answer,” and (2) the problems are “reversed,” with the label
for the answer on the left side. Here’s an example:

SUM = 43 + 3421

When the computer finishes this addition problem, it gives the
label “SUM” to the answer, which is 3464. Remember that the
word used as the label, SUM, is not equal to 3464. The computer
simply needs a label so it can identify the anwer if you want to use
it sometime later. There is nothing special about the label, SUM.
You can choose almost any label you like; ANSWER, RESULT,
Q9, or something else. Remember, the VIC 20 uses only the first
two letters, or letter and number, in a label.

Now that you have a way of identifying the answer from the
simple addition problem, what can you do with it? Why not use the
computer to display the answer on the TV screen? A PRINT com-
mand can be used to do this, and you probably remember from
Chapter 2 that it would look something like this:

PRINT SUM
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By using both a math and a PRINT operation, you can put to-
gether a simple program for the VIC 20. Here it is:

50 SUM = 43 + 3421
60 PRINT SUM

Remember that line numbers are always used in BASIC pro-
grams for the VIC 20.

A NEW OPERATION

Before you do the first experiment in this chapter, we want you
to know about a nmew command that will save you time when you
want to clear the computer and get it ready for a new experiment
or program. In a few of the experiments, you were told to turn
your computer off and to turn it back on again. This “wiped out,”
or erased, old programs, clearing out the computer so a new pro-
gram could be used. Whenever the computer’s power is turned off,
your BASIC-language programs are lost. Although this is a way of
clearing the computer for new programs, it isn’t really practical.

You can clear the computer for a new program by typing the
word NEW and pressing the return key, [RETURN]. The NEW
command completely clears the computer, so once you have used
it, you cannot get back programs that have been erased. You'll
have to retype your program if you accidentally use the NEW
command.

Experiment No. 3-1. A Simple Math Program

This experiment will show you how a simple math problem can
be set up and programmed into your VIC 20 computer. You'll also
run the program to see what it does. This experiment will help
break down some of the mystery of how computers are pro-
grammed.

With the computer turned on, type NEW [RETURN]. What
happens? The computer just responds with the READY message
to let you know that it is ready for your next command, or for a
new program.

Type in the following short program. The plus sign is in the
upper row of keys, near the right side of the keyboard.

50 SUM = 1590 + 398
60 PRINT SUM



List the program on the TV screen to be sure that you have
entered it correctly. Just type the word LIST and press the RE-
TURN key. If there are any errors in your program, retype the
corrected lines. Don’t forget to press the RETURN key at the end
of each line.

Now run the program. (Remember, you just type the word
RUN and press the RETURN key.) What is displayed on your TV
screen? If you listed the program to check it, and then ran it, you
will probably see something like this:

LIST
50 SUM = 1590 + 398
60 PRINT SUM
READY.
RUN

1988

The result of the addition should be displayed on the TV screen
(1988). Is this what you found? If your program is working proper-
ly, the result should be displayed. List your program again to be
sure it’s still in the computer. Now, type NEW [RETURN]. What
is displayed when you list the program again? The program is no
longer in the computer, since the NEW command told the VIC 20
to “erase” it and get ready for a mew program. You can use the
NEW command to completely “erase” old programs.

Experiment No. 3-2. More Math Fun

The program in this experiment will show you how the other
three math operations can be used to do a subtraction, a multipli-
cation, and a division problem.

Type NEW [RETURN] to clear the computer for this experi-
ment. Load the following program into your computer. It is the
same type of program you used in the previous experiment.

50 QX = 1590 + 398
60 PRINT QX

Use the LIST operation to list the program on the TV screen so
you can check it to be sure it is correct. How would you substitute
this subtraction problem for the addition problem used in the pro-
gram?

371 — 83 =7
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The following program line could be used:

50 QX =371 - 83

The same label, QX, is used, even though a subtraction is being
done. This means that the label can be almost anything you choose.
You could choose another label, for example, CT:

50 CT = 371 — 83

but you would have to change the PRINT part of the program so
that it uses the same label, too. Just use QX as your label, since it
saves time.

Put the following program line in your program. Just type it in.
It will replace the “old” line 50 in the program:

50 QX =371 — 83

Run the program. Is the correct answer displayed? What is it?
The correct answer, 288, should be displayed on the TV screen.
Now put the following program line in your program:

50 ZIP = 371 — 83

What do you think will happen if you run the program now? Go
ahead and run the program and see what is displayed on the
screen. Is this what you expected? The answer displayed is zero.
Is that the result of 371 — 83? Something must be wrong. List
your program and check it. It should look like this:

50 ZIP = 371 — 83
60 PRINT QX

In this program, the result of the subtraction is labeled ZIP,
while the PRINT command prints the value that has been ]abeled
QX. Two different labels are used, one for the subtraction and one
for the PRINT command. When you tell the VIC 20 to RUN a
program, it first clears all the labels to zero. Since QX hasn’t had a
new value assigned to it, the PRINT QX command at line 60 just
prints the zero on the TV screen. To correct the program, simply
type in:

60 PRINT ZIP

Now run the program. Is the answer from the subtraction dis-
played correctly? It should be. Now change program line 60 back
to:
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60 PRINT QX

and continue with the experiment.

Let’s try multiplication and division. The computer uses a slash
mark (/) for division and an asterisk (*) for multiplication. Use a
two-line program to solve each of the following problems, one at a
time. Use the label QX for the answer to each problem.

360/ 15 (Answer: 24)

34 * 56 (Answer: 1904)

The following programs can be used, one at a time. For the di-
vision problem, you would use:

50 QX = 360/ 15
60 PRINT QX

And for the multiplication problem, you would use:

50 QX =34 * 56
60 PRINT QX

Suppose that you wanted the computer to solve a different mul-
tiplication problem. How would you get the new numbers into the
program so that the computer could use them? Right now, the only
way would be to put new instructions at line 50 in the program.
For example, if you wanted to multiply 58 by 1295, you would have
to change line 50 to:

50 QX = 58 * 1295

and you would have to run the program again to get the answer
displayed on the TV screen.

As you saw in these experiments, getting the computer to do
simple math problems isn’t difficult, and the computer can do them
quickly. However, it is going to be difficult to use the computer if
you have to change the program whenever you want to do a math
operation with new values. Can you think of a way to get around
this?

USING LABELS IN MATH PROBLEMS

You may not remember it, but two values were multiplied in one
of the examples in Chapter 2. Here is how the multiplication
looked:
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EGGS = AMOUNT PER CARTON * CARTONS

In this example, labels have been used instead of the actual
values. The computer is being told to get the value labeled
AMOUNT PER CARTON and multiply it by the value labeled
CARTONS. When the values have been multiplied, the computer
labels the answer EGGS.

No matter what, the number of eggs will always be found by
multiplying the number in each carton by the number of cartons.
Even though the numbers may change from day to day, the prob-
lem is always solved the same way. All of the math operations can
use labels the same way. In the following examples, the problems
are always solved the same way, but different values can be used:

MONEY = SAVINGS + CHECKING
PAY = WAGE — TAXES

DAYS = HOURS / HRS PER DAY
COST = CAKES * PRICE PER CAKE

In each of these examples, the labels were chosen with care so
that there would not be conflicts between the first two letters in
each label. Remember that the VIC 20 only “sees” or uses the first
two letters in a label. So, the preceding examples are actually
“seen” by the computer as:

MO = SA + CH
PA = WA - TA
DA = HO/ HR
CO=CA*PR

When you use labels in a problem, you face another job. How do
you get your values into the computer so the problem can be
solved? The INPUT command is used in the program to “ask” for
these values, so they can be typed in from the keyboard.

GETTING YOUR VALUES—THE INPUT COMMAND

It is easy to use the INPUT command to “ask” for values from
the keyboard. Now a simple multiplication program can be set up,
and it looks like this:

30 INPUT A

40 INPUT B

50 ANS=A*B
60 PRINT ANS
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The two numbers are input at lines 30 and 40. One is labeled A
and the other is labeled B. These values are multiplied at line 50,
and the answer, ANS, is printed on the TV screen by the PRINT
command at line 60. Here’s what it looks like when it is run:

RUN
? 34
?12
408

READY.
n

This program isn’t particularly useful, unless you just want to sit
and fool with the computer. Here is a useful program that uses a
multiplication operation:

30 INPUT HOURS

40 INPUT WAGE

50 PAY = HOURS * WAGE
60 PRINT PAY

When you run this program and type in two values, it looks like
this on the TV screen:

RUN
?34
?12

408

READY.
n

You can probably see that the two sample programs do exactly
the same thing; input two numbers, multiply them, and display the
answer. The only difference is that in the second example, mean-
ingful labels have been used so you can see what is being calcu-
lated. However, the computer programmer is the only one who
sees these labels; the computer user doesn’t. It would be much
more meangingful to use “messages” in the INPUT and PRINT
commands so that the information to be input and displayed is
meaningful to the operator. Here is a better program:

30 INPUT “HOURS WORKED”; HOURS
40 INPUT “HOURLY WAGE"; WAGE
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50 PAY = HOURS * WAGE
60 PRINT “WEEKLY PAY IS $’ PAY

If you run this program, here’s what is displayed on the TV
screen:

RUN

HOURS WORKED? 40
HOURLY WAGE? 5.50
WEEKLY PAY IS $ 220

READY.
|

Experiment No. 3-3. Your Calculator

Although you won’t be writing long programs in this book, you
will see how to write a simple one in this experiment. It is a math
program that will add, subtract, multiply, and divide two numbers,
all at the same time. At least it will seem to be happening at the
same time. Type NEW and [RETURN] to clear the computer for
this experiment.

Two numbers are to be input to the computer. The first number
entered will be labeled A and the second number entered will be
labeled B. Use INPUT commands and “messages” to get the user
to enter the two values from the keyboard. Write your program
lines below, starting with line 10:

10
20

What do your program lines look like? They should look some-
thing like this, but the message you put between the quote marks
may be different:

10 INPUT “FIRST NUMBER”; A
20 INPUT “SECOND NUMBER”; B

Now write four program lines to calculate the following: S = A
+B, T=A-B,Q=A*B,and R=A/B.

30
40
50
60
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Your program lines should look like this, although they may be
in a different sequence:

30 S=A+8B
40 T=A-B
50 Q=A*B
60 R=A/B

Now, write four more program lines to print the results. Use
“messages” so that the user will know which operation was per-
formed:

70
80
90
100

Your complete program should now look like this:

10 INPUT “FIRST NUMBER”’; A
20 INPUT “SECOND NUMBER”; B

30 S=A+8B
40 T=A-B
50 Q=A*B
60 R=A/B

70 PRINT “A+B =" S
80 PRINT “A-B ="T
90 PRINT “A*B =" Q
100 PRINT “A/B =" R

Check the program lines you wrote in the spaces provided and
make any corrections needed. Now enter your program, list it, and
correct any errors. You may use any meaningful messages you like
between the quotes.

Run your program and check to see if it operates as you would
expect. You may want to use a calculator to check the results
quickly.

In this experiment, you wrote a simple program to do math with
two numbers. Although the program wasn’t too complicated, it did
show you several things:

1. The computer can do math operations quickly.
2. You can enter numbers from the keyboard using an INPUT
command and a label.
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3. Problems can be set up using labels.

4. Messages are useful in telling the user what is to be entered
or what has been displayed.

5. Programs can be easy to write.

ONE LINE FOR MANY

In the math experiments and examples, a program line was used
for each operation. Sometimes it is easier to write all of these op-
erations on a single program line with a single line number. This
can simplify a program and, in some cases, make it more efficient.
You can put several operations on a single line, separating them
with a colon (:). The VIC 20 “sees” the colon as separating each of
the operations, so it does each one in turn, from left to right. You
will probably see programs that use this technique. Here are some
examples:

100 RATE = MILES/HRS : PRINT RATE

75 S=TR+QW : INPUT “VALUE”;VA : QX = VA + S

In the first example, two operations, a division and a print, were
put in a single line. In the second example, three operations were
put in a line. Extra spaces have been used in these examples so
you ecan clearly see the positions of the colons. Some programmers
try and squash everything into as little space as possible, writing a
program line like this:

75S=TR+QW:INPUT"“VALUE"”;VA:QW=VA+S

Not very easy to read, is it? The use of colons sometimes makes
programming a bit easier, but it may be difficult to make simple
changes in long program lines. There are some special keyboard
operations that you can use to change program lines, and you’ll
read about them shortly.

Experiment No. 3-4. More On a Line

This experiment will show you how colons are used in program
lines. You will be able to put several operations on a single pro-
gram line.

Type in NEW [RETURN] to clear out any remaining programs
or program lines. You can use the LIST operation to be sure that
the computer has been “cleaned-out” for your new program. Type
in the following program:
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10 INPUT AZ
20 DX = AZ * 80
30 PRINT DX

To keep the program simple, no messages are used in the
INPUT or PRINT commands. List the program and check it to be
sure that it has been correctly entered. When you are sure it has
been typed in correctly, run the program. What does it do? Does it
operate properly? The program multiplies the value you type in by
80 and displays the result. Can you suggest how the complete pro-
gram could be put on a single line? Use the space provided:

10

The following program line will work properly:
10 INPUT AZ : DX = AZ*80 : PRINT DX

Type NEW [RETURN] to clear the computer for this one-line
program, and then type in this program line. Since the complete
program line cannot fit on one line on the TV screen display, it
“wraps around,” looking like this on the TV screen:

10 INPUT AZ : DX = AZ
* 80 : PRINT DX

The VIC 20 just continues the program line on the next line.
The second line is not another program line, it’s just a continuation
of program line 10.

Run the new program. Does it give the same results as the
three-line program you used earlier in the experiment? It should,
since the same things are being done.

As you read this book, you will find some programs in which
several operations are combined on a single line, using colons to
separate each one. When program lines are described, remember
that the program lines may have more characters than can fit on a
single “line” on the TV screen. These lines will simply end at the
right side of the screen and start up again at the left side of the
following line.

DOING MORE THAN ONE THING AT A TIME

In many programs, the computer does only one math operation
per line. There are times when it is useful to combine operations so
that several are done at the same time. This means that several
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operations can be “bundled” into one. When the computer is doing
many things, this type of “bundling” saves computer time. Here is
an example:

In the egg problem described before, the number of eggs sold
was simply the number of cartons sold times the number of eggs in
each carton. That’s pretty simple, but let’s assume that some eggs
are also sold from a basket where customers can help themselves.
Now we have to figure out the number of eggs sold in cartons and
then add in the loose eggs sold from the basket. It can be done like
this:

EC = EGGS PER CARTON * CARTONS SOLD

EL = LOOSE EGGS SOLD

TOTAL = EC + EL

In this example, EC labels the eggs sold in cartons and EL
labels the loose eggs sold. The total number sold is just EC plus
EL. The multiplication and addition operations could be put on a
single program line and separated by a colon, but nothing much is
gained. It would be better if the operations could be combined.
Let’s try using some numbers in this problem so we can see what
is happening. Here’s the problem:

TOTAL = EGGSPER * CARTONS SOLD+ LOOSE EGGS
CARTON SOLD
TOTAL = 12 * 3 + 4

When the math operations are shown this way, it’s a bit confus-
ing, since we don’t know which operation should be done first.
Does the computer first multiply 12 and 3 and then add 4, or does
it add 3 and 4 and then multiply the sum by 127 Which is it?

TOTAL =12*7 = 84
or
TOTAL = 36 + 4 = 40

As you can see, the answers are different, depending on whether
the addition or the multiplication is done first. Actually, this
doesn’t confuse the computer, since it follows two rules when doing
math. here they are:

1. Multiplications and divisions are done first.
2. Subtractions and additions are done next.

This problem ean be solved just as it is written, since the EGGS
PER CARTON will be multiplied by the CARTONS SOLD and
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then the LOOSE EGGS SOLD will be added in. Different math
operations can be separated by using parentheses, and they can
help you see what is happening in a complicated math problem.
That’s the next subject.

USING PARENTHESES IN MATH PROBLEMS

In complex math operations, you can use sets of parentheses to
“contain” individual math operations. The egg example can be
written as:

TOTAL = EG * CA + EL
or as:
TOTAL = (EG * CA) + EL

In this problem, the computer first does the math operation
enclosed in the parentheses, then it does the other operation.
When parentheses are used, there is no doubt about which opera-
tion is done first.

You will see parentheses used frequently in BASIC computer
programs. Just remember that the “problem” in the inner set of
parentheses is solved first. After that has been solved, the
computer moves outward, solving the “problem” placed between
the next set of parentheses, and so on. Here’s an example of how
parentheses are used:

?2=(3+((9*4)/12)

Go to the inside set of parentheses and multiply 9 and 4, which is
36. Remove the parentheses surrounding this part of the problem
and you have:

?2=(3+ (36 /12))

Now go to the inside set of parentheses and divide 36 by 12,
which is 3. Remove the parentheses surrounding this part of the
problem and you have:

?7=(3+3)

Just add 3 and 3, and you've solved the problem.

If you look at a problem that uses parentheses, how can you tell
which set is the inner set? Let’s look at the problem that we just
went through:

?2=0B8+(9*4)/12)



Use your finger or a pencil as a marker and move it from left to
right across the problem line. Look at the parentheses as they pass
your pointer. We've left out the math operations, but you’ll first
pass three parentheses that look like this: (. When you reach one
that curves in the opposite direction: (((9 * 4), you've reached the
right side of the inner set. Solve the 9 * 4 problem between this set
of parentheses. You can now “erase” or mark-off this inner set of
parentheses and start over again looking for another “inner” set of
parentheses. Just continue to do this until all the parentheses have
been removed. Then, the problem has been solved.

This may sound complicated, but you can see in the example in
Fig. 3-1 that it’s not difficult to “break down” the parentheses so
that the problem can be solved. In this example, only five steps
were needed to get the answer.

Use paper and pencil to figure out the answers to each of the
sample problems shown below:

A=(9+(5*3)
B=(6/2*12)
C=(4*5+4)/3
D=((5*8)4) +10)* 5

Here are the answers: A = 24, B = 36, C = 8, D = 100. How did
you do? You can check your answers on the VIC 20 by simply
typing in:

PRINT (9 + (5 * 3)) [RETURN]
and so on for the other problems. This is using the VIC 20 as a
caleulator and it lets you do simple math problems quickly. You
DO NOT use a line number, so the problem is not saved in the

computer for later use. It is solved immediately for you. Use the
VIC 20 as a calculator and check your answers to the preceding

?

((8 +(((8+6)+ 12)/5))+6)
e —

((8 + (( 48 +12)15))+6) ?
B S

((8 + ( 60 15))+-6) =7
($8+ 12 J.s)z?
s 20 .L)_—_?

120 =?

Fig. 3-1. Breaking down parentheses in a math problem.
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problems. You should get A = 24, B = 36, C = 8, and D = 100. Of
course, the VIC 20 won’t print the “A =" part of the answer, it
just displays the value of the answer.

WHAT’S GOING ON HERE?

Although there are more interesting things to learn about in this
chapter, we want to tell you about a few things that will make your
programming or computer-using experiences better. If you write
computer programs, you need to keep track of what you do. We
recommend that you buy and use a spiral-bound notebook in which
you can write all of your programs, what goes wrong, what works,
and so on. Make the notebook readable so you can go back and see
what you’ve done and where you are, when you’re working on a
program. Even when you are using programs prepared by others,
take notes about problems, times when the program wouldn’t run,
interesting results, and so on. Notes are important, and keeping
them in one place will be helpful.

Good programmers also put helpful notes and comments right in
their programs. The computer ignores these remarks and doesn’t
even “know” they are there. When you run a program that con-
tains this information, it is not printed on the TV screen, and can
only be read when listing a program on the TV or printer. If you
decide to go back and work on a program sometime later, remarks
can be useful in telling you what you’ve done. It is often difficult
enough to remember why you did something in a program, but
without the frequent use of remarks, it’s almost impossible to re-
construct your “trail.”

To put remarks in your programs, you simply type in a line
number where you want the remark to be put, then type in REM,
for remark, followed by a line of remarks or comments. You can
use as many REM statements in a program as you like. Here are
some examples from different programs:

290 REM FEBRUARY 1983 VERSION
20 REM TAX CALCULATION PROGRAM
450 REM THIS SETS UP SPECIAL VALUES

You can also put remarks in program lines, along with other
operations. Just remember to separate the operations with a colon:

1090 TX=RT*GS: REM TAX = RATE * GROSS SALES
Good programmers make frequent use of REM lines in a pro-
gram so that other programmers looking at the program listing
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will have a pretty good idea of what is going on. Some of the pro-
gram examples in this book will use REM commands to tell you
what’s going on, if it’s not explained in the text. We recommend
that you use REM comment or remark lines in BASIC-language
programs you write.

YOUR EFFICIENT SECRETARY

In past experiments, you were told to make corrections in pro-
gram lines by simply retyping the entire line. When complex pro-
gram lines are used, there is a good chance that you will make
even more mistakes when trying to correctly retype a line. To help
you correct errors or make changes in programs, a special key is
included on the keyboard. This is the INST/DEL key that is lo-
cated in the upper right-hand corner. The INST stands for insert
and the DEL stands for delete. You can use this key along with
the SHIFT key to make program changes, even in complex pro-
gram lines.

Rather than tell you how to use the key, we will show you how
to use it in the next experiment.

Experiment No. 3-5. The INST/DEL Key

The purpose of this experiment is to have you investigate the
use of the INST/DEL key and see how it can be used to make
changes in programs. ’

Turn your computer on. Type in NEW [RETURN] to clear out
any old programs and then type in the following program line:

10 PRINT “ YOU PEST ”

You should be able to list your programs without help. If your
program is incorrect, retype the line and check it again. Run the
program and be sure that YOU PEST is displayed on the TV
screen.

We now want to change the program so that YOUR TEST is
displayed when the program is run. To make the changes, first list
the program on the TV screen. Then, use the cursor control keys
at the bottom right-hand corner of the keyboard to position the
cursor so it is right on top of the E in PEST. This means that the
cursor will surround and flash the E character on the TV screen.
Remember to use the SHIFT key with the CRSR keys to move
the cursor in the directions shown on the top of the two cursor
keys. If you have difficulty, simply clear the screen and type in
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LIST again, to get a new listing. You can clear the screen by
press/hold the SHIFT key and pressing the CLR/HOME key.

When the cursor is at the E, press the DEL key once. What
happens? Press the DEL key again. What happens now? When the
cursor is positioned at the E and the DEL key is pressed once, the
P in PEST is removed and the letters EST move one space to the
left. When the DEL key is pressed again, the space between YOU
and EST is removed, leaving:

10 PRINT ** YOUEST ”

Two characters were removed from the line. Remember that the
computer “sees” the space as a character, too. The cursor is still at
the E.

Press the RETURN key. Now, clear the screen and list your
program again. It should look like this:

10 PRINT * YOUEST ~

Run the program. What is displayed on the TV screen? You
should see YOUEST displayed.

Can you generally describe what the DEL key does? When the
DEL key is pressed, the character just to its left is “erased,” and
the character under the cursor and those to its right move one
space to the left, taking up the space of the “erased” character.
The DEL key can be used to erase characters from anywhere in a
program line.

When you ran the program, YOUEST was displayed on the TV
sereen. Since you want to display YOUR TEST, you need to insert
three characters in the message part of the print command; R,
space, and T.

List your program again and use the cursor keys to position the
cursor at the E in YOUEST. The cursor will flash the E on the
screen when it is in position. You can use the INST key and the
SHIFT key to “open” three spaces in YOUEST for the needed
characters. With the cursor positioned at the E, press and hold the
SHIFT key and then press the INST/DEL key three times. What
happens? When the SHIFT key is pressed and held, spaces are
inserted in YOUEST each time the INST/DEL key is pressed.
Now YOUEST has become YOU EST. The cursor remains in
place, “pushing” the characters under it to the right. Remember, a
space is a character, too. The program now looks like this:

10 PRINT “ YOUm EST”
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Since the cursor is next to the U in YOU EST, type in an R,
a space, and a T. Now press [RETURN]. What does the program
look like? It should look like this:

10 PRINT ““ YOUR TEST ”

Clear the screen and list the program to be sure the changes
have been made. Then, run it to be sure it prints YOUR TEST as
you would like it to.

The insert/delete key (INST/DEL) is very useful in helping you
make changes in programs. To make changes, simply list the pro-
gram and position the cursor where it is needed. To delete char-
acters, simply press the DEL key and the cursor will “erase” char-
acters to its left. The changes made with the INST/DEL key only
go into effect when you press the RETURN key.

To make additions, again place the cursor where it’s needed and
press the INST key as many times as there are characters to be
inserted. Remember that the cursor moves the character under it
to the right, “opening” spaces for new characters. Remember, too,
that spaces are characters.

When changes have been made, remember to press the RE-
TURN key to tell the computer that you have completed the
changes. It is a good idea to list the changed program again to
check and be sure the changes are as they should be.

You can also use the DEL key as an “eraser” to “back up” the
cursor and make changes in a program line as you are typing it.
This is useful if you catch a mistake before pressing [RETURN] at
the end of a command or program line. Once you press the RE-
TURN key, you’ll have to use the cursor and INST/DEL keys to
make the correction, or retype the complete line.

For example, you want to list a program and you type LISR
instead of LIST. If you catch the error before pressing the RE-
TURN key, you can use the INST/DEL key to back up and
“erase” the R in LISR. You can then type in the T at the end, so
LIST is spelled correctly. Press the RETURN key and the pro-
gram will be listed for you.

It takes a while to get used to the operation of the insert and
delete keys. We suggest that you go through this experiment at
least one more time so you become familiar with the operation of
this useful key. As with the cursor keys, you must use the SHIFT
key to cause the INST operation to take place.
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QUESTIONS

. What basic math operations ecan the VIC 20 do?

. What math operations does the VIC 20 do first, and which

does it do second?

. How many program steps can you put in a single program

line?

. How are individual program steps separated when they are

used in a single program line?

. What are parentheses used for in math program steps?

. What is the answer to each of the following math operations:

@?=5*12 +4
b)?=3*4+12/5*8

L @©?7=(((4*6)/3) +18 -7

. What does REM stand for and how is it used in a BASIC

program?

. What operation lets you put values into the computer from

the keyboard?



9. How does the computer identify information?

10. What does the INST/DEL key do?

PROBLEMS

. Write a program that lets you enter three numbers. The first
‘two numbers are added together and the result is multiplied
by the third number. The result is then displayed.

. Using the formula C=5/o*(F—32), write a program that lets
you enter a temperature in degrees Fahrenheit (F) and dis-
plays the equivalent temperature in degrees Celsius (C). If you
enter 63 (F), a 20 (C) should be displayed.

. Write a program that lets you convert dollars into Swiss
francs. Assume that there are 2.5 Swiss francs to the dollar
(each franc is worth $0.40 or 40 cents). You should be able to
enter any amount in dollars (such as 5.00) and the equivalent
number of Swiss francs (12.5) should be displayed.

. If the speed of light is 186,000 miles per second, how many
seconds are required for light to travel 1 mile? How many sec-
onds are required for light to travel 1 foot (assume that there
are 5280 feet in a mile)?

. If a 3-pound sack of apples costs $1.29, and a 5-pound bag of
apples costs $2.20, which costs less per pound, the sack or the
bag of apples?

. Write a general-purpose program that lets you enter two
prices and two weights for something that you want to pur-
chase, and have the computer determine the cost per unit of
measure, so that you can determine the less expensive item.
For example, if a 24-ounce box of detergent costs $2.29 and a
52-ounce box costs $4.89, which is the better buy?

If a car travels for 2 hours and 20 minutes, and goes 120 miles,
what is the average speed of the car in miles/hour? If 3.8 gal-
lons of gasoline were used by the car, how many miles/gallon is
the car getting?
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10.

11.

12.

13.

14.

15.

. If 14 aluminum drink cans weigh one pound, and you can sell

them at the rate of 5 pounds for $1.28, how many cans do you
need to earn $10.00?

Write a program that lets you enter the number of drink cans
that you have, and calculates the amount of money that you
will receive, based on the rate of 14 cans/pound, and $1.28/5
pounds.

If a recipe calls for 2 eggs, one cup of milk, and 1% cups of
flour, how much of each ingredient will be required if you have
5 eggs, and you want to use all of them in the recipe?

If an acre of land is a square, 208.71 feet on each side, how
many square feet are there in an acre? How many acres are
there in fields that are 425 feet x 1023 feet, 500 feet x 712
feet, and 3028 feet x 1120 feet?

If a farmer has a field in the shape of a circle, and the diameter
of the field is 345 feet, how many acres of land are in the field?
To calculate the area of a circle, use the formula 0.7854*D*D,
where D is the diameter of the circle. There are 43,560 square
feet per acre.

If the shortest day of the year has 7 hours and 20 minutes of
sunlight, and the longest day has 14 hours and 52 minutes of
sunlight, on the average, how many additional minutes of sun-
light do we get each day, as we go from the shortest day (De-
cember 21 in the northern hemisphere) to the longest day
(June 21 in the northern hemisphere)? Assume that there are
182 days between the shortest and the longest days.

A bank pays you 8.5% interest per year on your savings ac-
count. Thus, if you had $100.00 at the beginning of the year,
you would have $108.50 at the end of the year. If you have
$524.30, how much will you have at the end of the year (as-
sume that no money is withdrawn from the account)?

The bank mentioned in Problem 14 has changed its policy so
that instead of paying you 8.5% interest each year, it will pay
you 8.5/12% interest each month.Assuming that your $524.30
is in the bank for a year, how much money will you have in
your account after a year? If you had your choice of having
your interest “compounded” monthly or yearly, which would
you prefer?



4

Making Decisions

A computer cannot make up its “mind” about anything; it must
be programmed by someone to make specific decisions. A computer
can, however, make these programmed decisions quickly and
choose among many alternatives. When spacecraft landed on Mars,
on-board computers made almost instantaneous decisions about
firing the rocket engines, where to land, how fast to land, and so
on (Fig. 4-1). Of course, the computer didn’t just decide to go to
Mars one day; people built the lander and programmed the com-
puter to do just what it did.

Your VIC 20 can be told to do many things, but these must be
preset in programs that are no more than lists of instructions. So
far, all of the example and experimental programs have been sim-
ple. The computer has done some math and it has input and output
information, but the programs have not altered the path that the
computer took through the program. The computer went from one
program line number to the next higher line number, one at a
time. This is called a straight-line program, as opposed to a branch
program, both of which are shown in Fig. 4-2.

THE GOTO COMMAND

An easy thing for you to do is to tell the computer to go back and
do a task again and again. In a previous chapter, you saw a pro-



DO | HAVE ENOUGH FUEL LEFT? I
4

Fig. 4-1. Mars lander makes decisions quickly as it lands.

gram in which two values were multiplied to calculate a person’s
wage:

30 INPUT “HOURS WORKED’; HOURS

40 INPUT “HOURLY WAGE’’; WAGE

50 PAY = HOURS * WAGE

60 PRINT “YOUR PAY THIS WEEK IS " PAY

The program is started by typing RUN. (We'll assume you re-
member to press the RETURN key, so we won’t show it.) When
the computer completes the calculation, it displays READY on the
TV screen. To get it to run the same program again, for another
employee, you would have to type RUN. This can be a bother,
particularly if you have people waiting in line to get paid. It would
be nice to simply tell the computer, “When you're finished, go back
and do it again.”

The GOTO command is used to tell the computer to go to a
specific place in a program. The example in Fig. 4-3 shows how the
GOTO command can be used to direct the computer to a specific
line in a program. There are other program lines between the
GOTO command at line 350 and the PRINT command at line 1200,
but to make the example clearer, they have been left out.

When the computer reaches line 350 and reads the GOTO 1200
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TASK 1 l
A
TASK 1
TASK 2
I DECISION
\
TASK 2 TASK 5
TASK 3
1 ‘ {—'—'
: TASK 9
1 DECISION
Y ‘
l I DECISION
(A) Straight-line program. (B) Branching program.

Fig. 4-2. Comparison of straight-line and branching programs.

|
| PROGRAM FLOW
|

350 |GO TO 1200 =

360 .. |
370 ... I
380 | PROGRAM IMMEDIATELY
. | GOES TO LINE 1200
I
. [}
ETC. I

jmm————m————
Le1200 PRINT "RESULT IS" ANSW

| PROGRAM CONTINES...

Y

Fig. 4-3. Using the GOTO command to get to a specific line in a program.
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command, it immediately goes to program line 1200 and starts
work there, skipping over the program lines in between. In this
example, the computer “jumps” from line 350 to line 1200 where it
prints the message, RESULT IS, followed by the value labeled
ANSW. The VIC 20 computer doesn’t care what is done at line
1200, the GOTO command just tells it where to go. After complet-
ing the PRINT operation, the computer goes on to the next line
that follows 1200.

Of course, if a GOTO 456 command is used in a program, the
computer program must contain line 456, if the computer is to
operate properly. For example, if you have only the following
three-line program in the computer, what do you think the
computer will do when it reaches the GOTO command at line 30?

10 INPUT V
20 PRINT V
30 GOTO 100

Since the program tells the computer to go to line 100, it will try
to find line 100 in the program. Since there isn’t a line numbered
100 in the program, an error message will be displayed on the TV
screen:

RUN
?45
45

?UNDEF’'D STATEMENT
ERROR IN 30
READY.

The undefined statement error message tells you that something
was undefined in line 30. In this case, the computer couldn’t find
line 100 in the program. There are other conditions that can cause
errors, and the error messages for the VIC 20 computer are listed
for you in Appendix A. Errors don’t harm the computer, but they
must be corrected if a program is to run properly.

By using the GOTO command and a line number, you can force
the computer to go to any place in a program where there is a line
number. This is a powerful addition to your list of BASIC instruc-
tions, since you can now cause the computer to do things again and
again.

Here is a simple program that uses a GOTO command so you can
see how it is used. Can you figure out what the computer will do?
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10 INPUT “VALUE 1”; V1
20 INPUT “VALUE 2”; V2
30 SUM = V1 + V2

40 PRINT SUM

50 GOTO 10

Once the computer has printed the sum of the two values, V1
and V2, the GOTO command at line 50 points it back to line 10, and
it continues working there. The computer does not “know” that it
has been pointed back to the start of the program. It simply goes
to the line number used in the GOTO command.

Here is what the TV screen would look like if this program were
run:

VALUE 1? 5

VALUE 2? 6
"

VALUE 17 234

VALUE 2? 521
755

and so on.
Here is an interesting variation on the VALUE program just
shown. Can you see what is different?

10 INPUT “VALUE 17; V1
20 INPUT “VALUE 2”; V2
30 PRINT V1 + V2

40 GOTO 10

The intermediate step of labeling the sum of V1 and V2 has been
removed. In this program, the computer is told to print the result
of V1 + V2 without labeling and saving the result. This type of
operation can be used to speed up a program if a result is not going
to be used somewhere else in the program. Since you only want to
see the result, why have the computer take the time to label it and
set it aside?

Here is another interesting program for you to think about:

100 Z2=0
110 PRINT Z
120 Z=Z + 1

130 GOTO 110

If you run it, this program will display numbers on the TV
screen, starting with 0 and increasing by one; 0, 1, 2, 8, and so on.
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It does it quickly, too. In this program, the GOTO command points
the computer to program line 110 rather than to the start of the
program.

Look at program line 120. This shows you another interesting
way in which labels are used. The program line Z = Z + 1 simply
says to get the value labeled with Z, add one to it, and then label
the result Z. The program line Z = Z + 1 is NOT saying that Z
equals Z plus 1. The label has been used to identify the starting
value and it is then switched over to identify the result. The over-
all effect is to simply add one to the value labeled Z. This is done
frequently in computer programs.

These computer programs are called loops, since the computer is
forced to loop back and go through some of the same program
steps again and again. Loops are important in computer programs,
since they give you more control over what the computer is doing.

BREAKING OUT

Are there any problems with these “loop” programs? The big
problem is that once the looping program is started, there is no
way to get the computer out of it. The computer will complete its
operations, go back and do them again, complete its operations, go
back . . ., on and on and on. Is there a way to get the computer out
of the loop? Actually, there are several ways, but only one is use-
ful. Of course, you can always pull the plug, but that doesn’t count.

The VIC 20 has a RUN/STOP key on the left side of the
keyboard, shown in Fig. 4-4. When the computer is running a pro-
gram, you can use this key to stop it. When the key is pressed, it
will tell you where the computer was operating in the program by
displaying a message such as:

BREAK IN 450
READY.

This tells you that you have caused the computer to break out of
a program, and it gives you the line number where the computer
was working. In this case, the computer was doing something at
line 450 in the program when the RUN/STOP key was pressed.

Now that the computer has been stopped, the program can be
listed, changed, corrected, and so on. You can also tell the comput-
er to continue its operation by typing CONT [RETURN]. This
tells the computer to continue on, even though you stopped it tem-
porarily.
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Fig. 4-4. Location of the RUN/STOP key on the left side of the keyboard.

You cannot use the RUN/STOP key to stop the computer if it is
waiting for information from the keyboard; that is, if it is working
on an INPUT command. Since the computer is waiting for infor-
mation to be typed in, you must “reset” it. You can do this by
pressing and holding the RUN/STOP key and then pressing the
RESTORE key located on the right side of the keyboard, as shown
in Fig. 4-5. When this is done, the READY message is displayed
on the TV screen. If you stop a program by using the RUN/STOP
and RESTORE keys together, you must type RUN to start it
again.

When the RUN/STOP and RESTORE keys are pressed this
way, the computer is reset, just as if you were restarting the pro-
gram. Of course, the program is still in the computer ready to be
used again. Remember that the RUN/STOP key must be pressed
and held while the RESTORE key is pressed.

Experiment No. 4-1. Loops and Breaks

In this experiment you will see how you can use the RUN/STOP
and RESTORE keys to break out of loops in computer programs.

Type NEW to clear out any programs in the computer. Type the
following program into the computer and list it to be sure it is
correct. Make any changes needed and then run it.
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Fig. 4-5. Location of the RESTORE key on the right side of the keyboard.

100 X =0
110 PRINT X
120 X=X + 1
130 GOTO 110

What is displayed on the TV screen? A column of numbers is
displayed on the left side of the TV screen. The numbers seem to
move up the side quickly, with new numbers being displayed in the
bottom left corner of the display area.

While the program is running, press the RUN/STOP key. What
happens? What is displayed on the screen? The numbers stop in-
creasing and a message is displayed on the TV screen. The mes-
sage should look like one of these:

BREAK IN 110
READY.

or

BREAK IN 120
READY.

or

BREAK IN 130
READY.

Why could three different messages be displayed? When you
press the RUN/STOP key, it’s impossible to know where the com-
puter is in this program; it could be at line 110, 120, or 130. Run



the program again and stop it again. Just press the RUN/STOP
key to stop it. Now what line number is shown in the BREAK
message? Is it the same one?

Restart the program by typing RUN. Press the RUN/STOP
key. Did the computer stop at the same line number? You can try
this several times to see if you can stop the computer at different
places in the program. It took us seven tries before we got the
computer to stop at least once at each program line; 110, 120, and
130.

Can you stop the computer at line 100? Probably not, since this
program step is done only once, right at the start of the program.
It isn’t included in the loop, so you’d have to be pretty fast in going
from RUN to pressing the RUN/STOP key to catch it doing this at
the start of the program.

Run the program again and wait until the numbers being dis-
played are into the hundreds. Press the RUN/STOP key. The
number display will stop. Now, type CONT. What happens? The
display continues. It does not start over again from zero. Press the
RUN/STOP key again to stop the program. Now type X=10000
[RETURN]. Type CONT. What is displayed now? The display
continues, but the numbers are in the ten thousands. When you
used the RUN/STOP key to stop the program, you were able to
change the value given the label X. You then restarted the pro-
gram and the count continued, starting with the new value.

If your program is running, stop it. Just press the RUN/STOP
key. Now, press/hold the RUN/STOP key and press the RE-
STORE key. What happens? The TV screen is cleared and the
READY message appears in the upper left-hand corner.

Type NEW to clear out the program and enter the following
program:

50 INPUT X
60 PRINT X
70 GOTO 50

Check it and make any corrections that are needed. Run the
program and type a value when the computer displays the question
mark on the screen. Is the value “printed” on the TV screen prop-
erly? Is the computer waiting for another value? The number
should be displayed and another question mark should appear
below it.

When the question mark appears again, press the RUN/STOP
key. Does it have any effect on the program or the display? No,
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there is no effect. The RUN/STOP key cannot be used to break the
computer out of an INPUT command, where it is waiting for in-
formation from the keyboard.

Press/hold the RUN/STOP key and press the RESTORE key.
What happens now? The screen is cleared and the READY mes-
sage appears. When the RUN/STOP key seems to have no effect
on the program, you can use the RUN/STOP and the RESTORE
keys together to reset the computer.

REAL DECISIONS

Although the GOTO command can be used to force the computer
to go to a specific program line, no decision is made. So, how can
computers make complex decisions in medicine, finance, and sci-
ence? Most complex “questions” can be broken down into smaller
ones that are easier to understand and answer. Your doctor
doesn’t take one look at you and decide that you have an ear infec-
tion. He asks questions such as:

“What hurts?”

“Do you have a fever?”

“Are you taking any medicine?”
“Have you had any trouble hearing?”

and so on.

Computers make decisions in the same way, and it’s the comput-
er programmer who breaks down the complex questions into sim-
pler, smaller ones that are easier to answer. Computers really use
statements, instead of questions, and they evaluate the statements,
telling whether they are true or false. Here are a few examples of
statements that can be evaluated by a computer such as your VIC
20:

5 is greater than 78. (True or False)
INCOME is less than EXPENSES. (True or False)
WEIGHT is equal to 1000. (True or False)

These statements are either true or false, and we’ll assume we
know the values for INCOME, EXPENSES, and WEIGHT. The
computer can test similar statements and then use the true-or-false
answer to make decisions. The computer can’t give you a true-or-
false answer for questions such as, “Margaret is prettier than
Joan,” or “Fred is nicer than Sam.”

Here’s an example of a statement that is either true or false, and
two “actions” that are based on the answer:



It is raining today. (True or False)
If the answer is TRUE, take your umbrella.
If the answer is FALSE, don’t take your umbrella.

You can see how the statement is evaluated and the proper ac-
tion taken by looking at the flowchart in Fig. 4-6. Once the state-
ment has been evaluated, the “program” branches in either of two
directions, based on the answer.

You can simplify this type of operation by putting the statement
and the “true” answer in a slightly different form: IF “It’s raining”
is true, THEN take your umbrella.

The “false” answer isn’t included here, since if it isn’t raining,
you usually don’t think about an umbrella at all. You can “test” the
statement, “It’s raining,” by looking out the window or opening the
door. If the statement is true, THEN you do something special. If
the statement is false, no special action is needed. This type of
operation is shown in Fig. 4-7.

Computers using BASIC-language programs can evaluate
statements in a similar way to see whether they are true or false.
Of course, your VIC 20 computer can’t look out a window and tell
you that it’s raining, so what can it do to make decisions? Since
you've used four simple math operations, you'll now see how the
computer can compare values to see whether they are equal or
unequal. Youw'll also see how the computer can test two values to
see if one is greater-than or less-than the other. These operations
give the computer a great deal of decision-making power.

"ITIS
RAINING
TODAY"

Y }

TAKE YOUR UMBRELLA DON'T TAKE YOUR UMBRELLA

T

CONTINUE...

TRUE FALSE

Fig. 4-6. The “umbrella” flowchart with true and false actions.



"ITIS
RAINING
TODAY”

FALSE

TAKE YOUR UMBRELLA

CONTINUE...

Fig. 4-7. The “umbrella” flowchart with only the true action.

THE IF-THEN OPERATION

Just as we used simple if-then sentences in the previous exam-
ples, the computer can use IF-THEN operations in programs. As
part of an IF-THEN operation, the computer is given a “state-
ment” to evaluate and a “command” to do if the statement is true.
Here’s the general form for the IF-THEN operation used with
your VIC 20:

IF (this statement is true) THEN (do this command)
and it can be condensed as:
IF (statement) THEN (command)

Let’s look at the types of statements that can be evaluated as
either true or false by the VIC 20:

SCORE = 100 (Is “SCORE equal to 100” True or False?)

SCORE < 75 (Is “SCORE less than 75” True or False?)
SCORE > (Is “SCORE greater than AVERAGE”
AVERAGE True or False?)

The symbol < is used for “less-than” and the symbol > is used
for “greater-than.” You’ll see these symbols used often in comput-
er programs.

Here’s how one of these statements might be used in a BASIC-
language program for your VIC 20:

100



140 IF SCORE = 100 THEN PRINT “PERFECT”

In this example, the computer evaluates the statement,
“SCORE = 100 to see if it is true or false. If it is false, the
computer goes on to the next program line. If it is true, the com-
mand following THEN is done and PERFECT is “printed.” After
PERFECT is displayed on the TV screen, the computer goes on to
the next program line. This can be shown with the help of the
flowchart in Fig. 4-8.

All types of commands can be used in IF-THEN operations. For
example, if you want the computer to go to line 1575 when SCORE
is greater than AVERAGE, the IF-THEN operation would look
like this:

IF SCORE > AVERAGE THEN GOTO 1575

A flowchart for this is shown in Fig. 4-9. Keep in mind that the
computer only goes to line 1575 if the statement, “SCORE > AV-
ERAGE,” is true. Labels have been used in this statement to keep
it general. Perhaps test scores have been typed in from the
keyboard and the computer has figured out the average before it
gets to this part of the program.

The command that follows the THEN is just like a separate pro-
gram line in a BASIC program, and several commands can be used
together as long as they are separated by colons. In this example,
a PRINT and a GOTO command are used after the THEN:

FALSE
SCORE =100

PRINT
"PERFECT"

|
CONTINUE...

Fig. 4-8. A typical IF-THEN flowchart.
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SCORE >
AVERAGE

GOTO 1575

—

CONTINUE...

Fig. 4-9. An IF-THEN flowchart with a GOTO command.

IF SCORE < 75 THEN PRINT “NOT TOO GOOD” : GOTO 450
A flowchart for this is shown in Fig. 4-10.

Experiment No. 4-2. The IF-THEN Operation

This experiment will show you how an IF-THEN operation can
be used in a BASIC-language program to make a decision. You will
be able to type in numbers between 0 and 100 and the computer
will tell you whether they are greater-than or less-than 50.

Clear out any old programs that are in your VIC 20 and load the
following program. Watch those line numbers!

20 INPUT “NUMBER ”; N

60 IF N > 50 THEN PRINT “GREATER THAN 50"
70 IF N < 50 THEN PRINT “LESS THAN 50"

90 GOTO 20

List your program to be sure that it has been entered correctly.
Make any changes that are needed. Remember that “long” pro-
gram lines will “wrap around” on the screen to the line below.

Run the program. Type in several values between 0 and 100,
some greater-than and some less-than 50. Does the computer give
you the right response for each? Is the computer really “smart”?
The computer should give you the right answers as it determines
whether the value is greater-than or less-than 50. If the program
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FALSE

TRUE
PRINT
"NOT TOO GOOD"
TO e m
450 - GOTO 450
CONTINUE...

Fig. 4-10. An IF-THEN flowchart with muitiple commands.

does not work correctly, stop the computer, list the program, and
check it again. The computer isn’t really very smart, since your
program tells it exactly what to do. A computer just follows directions.

Your computer will continue to wait for numbers to “test.” What
happens when you type the number 507 Is anything printed? Is
this what you expected? The computer program checks for values
greater-than or less-than 50, but it does not check for the value 50,
itself. Can you suggest a way to have the computer check the value
entered to see if it is 50? Line 80 has not been used, so you can try
and put in a program line of your own, if you wish to.

80

You can check for the condition, N = 50, and the following pro-
gram line can be used:

80 IF N = 50 THEN PRINT “EQUAL TO 50"

Put this program line in your program and run it. When the
computer “asks” for a value, type in 50 from the keyboard. Does
the computer program display the correct message? If line 80 has
been typed in correctly, the computer should print the message,
EQUAL TO 50, when you type in the value, 50.
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At the start of this experiment, it was noted that values be-
tween 0 and 100 could be entered. When the program is running,
type in 567. What happens? This value is accepted, and the
“GREATER THAN 50” message is displayed. We would like to
limit the numbers that can be input to between 0 and 100. Can the
computer be used to detect numbers greater than 100? What about
numbers less than 0?7 Yes, an IF-THEN operation can be used to
check the keyboard entries and to reject any that are outside of the
0 to 100 range. You won’t have to write these program steps, but
think about what you'd like the computer to do. Here are several
additional lines (marked with an asterisk (*)) that will solve the
problem:

* 10 PRINT “NUMBERS BETWEEN 0 AND 100 ONLY”
20 INPUT “NUMBER '; N

* 30 IF N> 100 THEN GOTO 10

* 40 IF N <0 THEN GOTO 10
60 IF N > 50 THEN PRINT “GREATER THAN 50"
70 IF N < 50 THEN PRINT “LESS THAN 50"
80 IF N = 50 THEN PRINT “EQUAL TO 50"
90 GOTO 20

What effect do these program lines have? Line 10 just prints a
message on the screen that tells the user what range of numbers is
allowed. Once the value has been input by the computer at line 20,
it is checked to be sure that it is in the range of 0 to 100. How is
this done? At line 30, the computer tests the value to see if it is
greater than 100. If it is, the computer goes back to line 10 and
then asks for another value. At line 40, the computer tests the
value to see if it is less than zero. If it is, the computer goes back
to line 10 and then asks for another value. Only if the value is
between 0 and 100 does the computer go on to line 60, where the
value is tested to see if it is greater-than, less-than, or equal-to 50.

If you would like to, you can enter the new lines marked with an
asterisk (don’t enter the asterisks!), and see how the program
works. Use a sheet of paper and try to sketch the flowchart for the
complete program.

In Experiment 4-2, you saw how the IF-THEN operation can be
used to make decisions. Although these decisions weren’t critical,
this type of decision-making is what makes computers so powerful.
It can make these types of decisions quickly, without coffee
breaks, and it will not make mistakes. Yes, mistakes are made, but
because a program doesn’t work properly or a circuit doesn’t work
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the way it should. Computers have survived millions of miles of
space travel and have worked perfectly in the far reaches of our
solar system. They are making true-false decisions all the time.

You have seen how a GOTO command can be used to force the
computer to go to a specific line in a program. When used in a loop
such as:

10 PRINT “TEST”
20 GOTO 10

there is no easy way to get out of the loop. If you wanted to go
through the loop only 10 times, there is no way to tell the com-
puter to stop after “printing” TEST on the TV screen 10 times.
Although it is not often used this way, the IF-THEN operation can
be used to count loops. (You'll see a better way to control loops in
another chapter.)

Let’s take a further look at how IF-THEN operations can be
used to count loops and to provide a way out. Earlier in this chap-
ter, a program was used to show how the GOTO instruction could
be used:

10 X=0

20 PRINT X
30 X=X+ 1
40 GOTO 20

Remember that the X = X + 1 operation simply increased the
value labeled X by one. If you run this program you’ll see a column
of numbers on the left side of the TV screen. The numbers are
“pushed up” as new ones are “printed” at the bottom of the TV
sereen. The value of X is increased by one each time the computer
goes through the loop. An IF-THEN statement could be used to
break out of the loop after the computer goes through it a set
number of times. Here is an example of that type of program:

10 X=0

20 PRINT X

30 X=X+ 1

40 IF X = 10 THEN END
50 GOTO 20

The IF-THEN operation tests the statement, X = 10, to see if it
is true. If it is true, the command following THEN is done. The
END command may be a new one to you, but it is easy to figure
out what it does. It simply stops the computer. What happens if X
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is not equal to 10? Well, the statement, X = 10, is then false, and
the computer goes on to program line 50. It does not execute the
END command unless the condition in the IF statement is true.

Can you figure out what numbers will be printed on the TV
screen when this program is run?

Experiment No. 4-3. Counting Loops

This experiment will show you how to use an IF-THEN com-
mand to get the computer to “break out” of a loop after doing it a
number of times. You will not have to put together any program
lines of your own.

Clear the computer for a new program. Load the following pro-
gram and check it. Correct any errors.

10 X=0

20 PRINT X
30 X=X+1
40 GOTO 20

Run the program. What do you see on the TV screen? Is this
what you expected? You should see a column of numbers on the
left side of the screen. The numbers seem to “move up” as new
ones are displayed at the bottom of the column. Can you stop the
computer? Yes, press the RUN/STOP key. Now, change program
line 40 and add program line 50, as shown below:

40 IF X = 10 THEN END
50 GOTO 20

Check your program to be sure these lines have been entered
correctly. Before you run the program, try and figure out what
numbers will be displayed on the TV screen. Run the program and
see if you are right. You should see the numbers 0 through 9 dis-
played in a column on the left side of the TV secreen. Is this what
you expected? Maybe you thought you’d see 0 through 10.

Remember that after the one is added to the value labeled X
(line 30), it is tested by the IF-THEN operation (line 40). If X is
not equal to 10, the computer goes on to line 50 where it is pointed
back to line 20. If X is equal to 10, “X = 10” is true and the
computer is stopped by the END command. The value 10 is never
printed. However, the computer did go through the loop 10 times,
printing 10 values on the TV screen. A flowchart for this program
is shown in Fig. 4-11.
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> PRINT X

X=X+1

FALSE

TRUE

‘- —— GOTO 20

Fig. 4-11. A flowchart for the loop-counting program.

In the IF-THEN commands, GOTO commands are often used to
point the computer to a line in the program:

IF XF = FR + FQ THEN GOTO 1265

However, you may find IF-THEN commands in which the word
GOTO has been left out. The following program line has the same
effect as the preceding one. The computer “knows” that you want
it to go to line 1265 if XF is equal to (FR + FQ):

IF XF = (FR + FQ) THEN 1265
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TO BE AND/OR NOT TO BE

Sometimes it is helpful to make several true or false decisions at
the same time. These statements can be combined in one IF-
THEN operation. Look at the following:

IF we are out of eggs AND IF you want eggs for breakfast,
THEN buy some on the way home.

IF it is raining OR IF rain is forecast, THEN take your um-
brella.

These can be simplified so they are easier to understand:

IF (we are out of eggs) AND (you want eggs for breakfast),
THEN . ..

IF (it is raining) OR (rain is forecast), THEN . . .

By using AND and OR operations, the computer can test several
different statements at the same time. This saves “computer
time,” and by combining statements this way, programs may be
simplified, too. It is easy to put statements together in IF-THEN
operations as long as you know the rules for using the AND and
OR operations. Here they are:

1.

In

When an AND is used, both of the statements must be true
for the THEN command to be done. If either of the state-
ments is false, the THEN command is not done. This is
shown in Table 4-1. The results of testing or evaluating each
stateme:\tbare shown in parentheses.

When an OR is used, either or both of the statements must be
true for the THEN command to be done. If both of the
statement%‘ are false, the THEN command is not done. This is
shown in Table 4-2.

a previous experiment, two IF-THEN operations were used

to test a number to see if it was between 0 and 100. If it was below
0 OR above 100, it was rejected. Here is how the operations were

used:

10
20
30
40

PRINT “NUMBERS BETWEEN 0 AND 100 ONLY"”
INPUT “NUMBER ’; N

IF N > 100 THEN GOTO 10

IF N < 0 THEN GOTO 10

and so on.
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Table 4-1. Table of Results for an AND Operation

Statement Statement THEN Command Done?
(False) (False) No
(False) (True) No
(True) (Faise) No
(True) (True) Yes

Table 4-2. Table of Results for an OR Operation

Statement Statement THEN Command Done?
(False) (False) No
(False) (True) Yes
(True) (False) Yes
(True) (True) Yes

If the number typed in is greater than 100, the IF statement at
line 30 detects this and the computer is forced to line 10. If the
number is less than 100, the computer goes on to see if the number
is less than 0. If it is, the GOTO operation at line 40 forces the
computer to line 10. Only when the number is between 0 and 100
will the computer go on to the program line following line 40.

The two IF statements can be combined into one by using an OR
operation, and parentheses have been used to separate the state-
ments:

10 PRINT “NUMBERS BETWEEN 0 AND 100 ONLY”
20 INPUT “NUMBER"; N
30 IF (N > 100) OR (N < 0) THEN GOTO 10

In this example, the IF-THEN operation checks two statements
to see if the number is greater than 100 OR less than 0. It is pos-
sible to have the computer check and see if the number is within
the range, instead. This uses an AND operation, and it is more
complicated than the OR operation.

MIXED OPERATIONS

There are times when you will want to check the same two
values for two different conditions. For example, it might be useful
to check today’s RAINFALL to see if it is greater-than or equal-to
the RECORD rainfall that is on file in the computer. You could use
the OR operation to do this:

IF (RAINFALL > RECORD) OR (RAINFALL = RECORD) THEN ...
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By looking at Table 4-2, you can see that the THEN command
would be done if either of the statements is true. Since the same
values, RAINFALL and RECORD, are being compared in each
operation, you can have the computer do the greater-than and
equal-to operations at the same time. Other combinations of
greater-than, less-than, and equal-to operations can be used, too,
as shown here:

GRADE <= SCORE(GRADE less-than or equal-to SCORE)
RAINFALL >= RECORD(RAINFALL greater-than

or equal-to RECORD)
TRY <> TARGET (TRY less-than or greater-than TARGET)

This combination of operations is only useful when the same two
values are being compared in different ways. In the TRY <>
TARGET example, the computer is really checking for the not-
equal condition; that is, TRY is not equal to TARGET.

These conditions can be checked by using simple IF-THEN op-
erations, and several examples are shown here. Different types of
commands are shown following “THEN” so you can see examples
of how they are used.

IF RAINFALL >= RECORD THEN PRINT “NEW RECORD IS ”
RAINFALL

In this example, if the RAINFALL is greater-than or equal-to
the RECORD, the computer prints the message, “NEW RECORD
IS,” followed by the value assigned the label RAINFALL.

IF TRY <> TARGET THEN PRINT “YOU MISSED, TRY
AGAIN":GOTO 595

In this example, the program tests to see if the values labeled
TRY and TARGET are not equal. If they are not equal, the com-
puter prints the message “YOU MISSED, TRY AGAIN,” and it
goes to program line 595.

IF GRADE <= SCORE THEN GOTO 250

Here, the computer checks the value labeled GRADE to see if it
is less-than or equal-to the value labeled SCORE. If this is true,
the computer goes to program line 250.
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THE NOT OPERATION

You have seen how the AND and OR operations can be used in
IF-THEN operations so that several different statements can be
tested at the same time. There is one other operation that isnt
used very often, so we’ve left it for last. This is the NOT opera-
tion, and it allows you to reverse the meaning of a statement. For
example, “You say white, I say black. You say black, I say white,”
or “If it’s true, make it false. If it’s false, make it true.”

Here are two examples in which the NOT operation has been
used to “reverse” the meaning of each statement:

NOT (COST = VALUE)  (COST is not equal to VALUE)
NOT (COST < VALUE)  (COST is not less-than VALUE)

It takes a bit of programming experience and trial and error to
get used to the NOT operation. It isn’t used very often, but we
just wanted to show you that it is part of programming in BASIC.

A LITTLE HISTORY

The AND, OR, and NOT operations are called logical opera-
tions, and although you may find it difficult to believe, these oper-
ations have been in use for over 100 years. In the nineteenth cen-
tury, the English mathematician, George Boole, devised a way of
solving logic problems with a special form of mathematics. This
type of math is now known as Boolean algebra, but it was rela-
tively unused until scientists and engineers applied it to solving
problems with the first electronic computers in the 1940s.

These three logical operations are the foundation of all desk-top
computers, just like the one you are using. These logical operations
are done by tiny electronic circuits, of which there are thousands
and thousands in your computer. These circuits make hundreds of
thousands of decisions each second, and it is this high-speed deci-
sion making that makes small computers so powerful and useful.
Even the biggest computers used by banks, universities, and re-
search centers use electronic circuits that do AND, OR, and NOT
operations. In the same way that all math operations depend on
addition and subtraction, all modern computer operations depend
on AND, OR, and NOT operations. Even small pocket calculators
and digital clocks depend on these simple operations.
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PICK A NUMBER, ANY NUMBER

In many games, you don’t know how many spaces you'll move
until you spin the spinner or toss the dice. Since computers are
used in many games, they need some way to “spin a spinner,” too.
We don’t know of any computers that have spinners or dice in
them, but most computers do have a way of “picking a number,” or
coming up with a random value. This means you can get the com-
puter to “pick a number” for you. Of course, you won’t know ahead
of time what number the computer will come up with.

The VIC 20 can “pick” a random number, or value between 0
and 1, by using the RND(1) operation which is part of its BASIC
language. This means that the computer can come up with values
between 0 and 1, such as 0.345, 0.914, and 0.310. The RND(1) op-
eration NEVER gives you the value 0 and 1—that’s just the way
it works. You can use a BASIC operation like this in a program to
get a random value:

SAMPLE = RND(1)
The computer labels the random number “SAMPLE.”

Experiment No. 4-4. Random Value Program 1

You will enter and run a program that will print random values
on the TV screen. The purpose of this experiment is to show you
that the random number operation really works.

Use the NEW command to clear out the computer for a new
program. Enter the following program and check it:

10 SAMPLE = RND(1)
20 PRINT SAMPLE
30 GOTO 10

Run the progam. You will see values displayed on the TV
screen, but they will move up the screen too quickly to be read.
Press the RUN/STOP key to stop the program, and you should see
19 or so random values displayed on the TV screen. The chances
are very good that no two values will be the same. You may see a
value such as 8.93456278E—03. Although it looks odd, it’s just the
computer’s way of displaying a very small value and you don’t need
to know what it means right now.

Did you see the value 0 or 1 displayed? The display may have
moved too quickly for you to see all the values clearly, so you
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might have missed the value 0 or 1 if either were displayed. Can
you think of a way to check for the values 0 or 1? An IF-THEN
operation can compare the value labeled SAMPLE with the values
1 and 0. Here’s how it could be done:

30 IF (SAMPLE = 1) OR (SAMPLE = 0) THEN END
40 GOTO 10

The program would now be:

10 SAMPLE = RND(1)

20 PRINT SAMPLE

30 IF (SAMPLE = 1) OR (SAMPLE = 0) THEN END
40 GOTO 10

The IF-THEN operation at line 30 tests for either the SAMPLE
= 1 or the SAMPLE = 0 condition. If either of these conditions is
true, the THEN command is done. In this case, the END com-
mand has been used. You saw the END command earlier, and its
meaning is obvious; it just stops the computer.

Put the new line 30 in your program and add line 40 to complete
the new program. Run your program. Does the computer stop?
No, the computer continues to display random values on the TV
screen. You can let it run all night if you want to, but it will con-
tinue to display new values without stopping. What is your con-
clusion? The RND(1) operation generates random values between 0
and 1, but it does not generate the value 0 or 1.

Since it’s difficult to move your game marker by 0.984812986
spaces, the random values picked so far don’t seem to be particu-
larly useful. However, by simply multiplying the random values by
another value, you can have the computer pick more useful num-
bers. For example, if you want to have the computer pick a ran-
dom number between 0 and 10, you can do this by multiplying the
value found in the RND(1) operation by 10. Here is what that part
of the program would look like:

SAMPLE = RND(1) * 10

Now the results will be between 0 and 10 instead of between 0
and 1. If you want a random value between 0 and 50, you can get
the computer to pick one in this range by using the following pro-
gram line:

SAMPLE = RND(1) * 50
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In both cases, the RND(1) operation “picks” a random value be-
tween 0 and 1, but the multiplication operation spreads the num-
bers over a larger range. In almost every case, the value used in
the multiplication is a whole number, or integer.

Experiment No. 4-5. Random Value Program 2

In this experiment, you will find out how the computer can be
made to “Pick a number between 0 and 10.” Clear your computer
and load and check the following program:

10 SAMPLE = RND(1) * 10
20 PRINT SAMPLE
30 GOTO 10

Run the program. You will see the random values “move up” the
screen as new values are displayed on the bottom row on the TV
screen. After the program has run for a few seconds, press the
RUN/STOP key to stop the program. Are the values displayed
between 0 and 10?7 Are any values displayed more than once? The
values are between 0 and 10, and we didn’t find any values that
were equal when we ran the program. Although the chances are
small, you may find two equal values displayed on your TV screen.
The values 0 and 10 aren’t found.

Change program line 10 in your program to the following:

10 SAMPLE = RND(1) * 90

Now run the new program. After a few seconds, stop the pro-
gram and look at the values displayed on the TV screen. Are they
between the values 0 and 90? The values should be between 0 and
90.

In this experiment, you saw that you could change the “range”
of random values that the computer can “pick” for you.

Although the range of the random values can be changed, it is
still difficult to move a game marker by 8.73481053 spaces. So,
what can be done to have the computer pick values such as 9, 4,
and 6, instead of 9.45271052, 4.8562321, and 6.46241739. The in-
teger operation, INT, is used to remove or “strip-off’ any decimal
fractions; digits to the right of the decimal point. In this way, it
“changes” a number that has a decimal fraction into an integer or
whole number. Here is how it is used:

PRINT INT(9.45271052)
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When this is done by the computer, only the 9 is displayed on
the TV screen. The INT and RND operations can be used together
to make the computer “pick” random whole numbers.

Once a random value between 0 and 1 has been “chosen” by the
RND operation, a multiplication operation increases its “range.”
The INT operation is used last to “strip-off” the decimal fraction
and “change” the value into an integer. This may seem a bit confus-
ing, so look at the following example. This program line causes the
computer to “pick” a number between, and including, 0 and 9:

SAMPLE = INT(RND(1) * 10)

The largest random values will always be one less than the value
used in the multiplication. Here are some sample program lines
that you can use in your programs. The label, X, has been used as
the label for the value:

(a) Coin Flip: 1 = heads, 0 = tails

10 X = INT(RND(1) * 2)

(b) Dice Toss: Values 1 through 6

10 X = INT(RND(1) * 6) + 1

We’re not trying to make you an expert programmer, but here
are some general-purpose random-value program lines in which
you can substitute your own ranges for games, teaching programs,

magic tricks, puzzles, and other programs where a random integer
is needed.

(a) To pick a number between 0 and T:

10 X = INT(RND(1) * (T + 1))

(b) To pick a number between 1 and T:

10 X = INT(RND(1) * T) + 1

(¢) To pick a number between Q and R, where R > Q:
10 X = INTRND(1) * (R — Q + 1)) + Q

A WORD OF CAUTION

Although you’re not going to be a programmer, we want you to
know that you cannot use “reversed words” as labels in your com-
puter programs. It is unlikely that you will run into any problems
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with prepackaged computer programs or cartridges that have been
developed by a commercial group or competent programmer.
However, if you decide to try your hand at even simple programs,
you may run into problems without realizing it.

Reserved words are nothing more than the words in the BASIC
language that represent operations. For example, IF, THEN,
AND, and RND are all reserved words. So, what’s the big deal?
Well, if you're writing programs, be sure to check your labels so
that you don’t use any of the reserved words in them. There is a
complete list of the reserved words in Appendix B, so these words
can be found in one place.

Suppose that you wrote a short program to count something
you've decided to call “Information Files.” As a label, you've de-
cided to use IF. Well, the computer “sees” the IF you’ve used as a
label in one of your calculations:

145 IF = A5 + (TQ / 17)

The computer thinks that it is “looking at” the start of an IF-
THEN operation. That really confuses the computer and it will
give you an error message:

?SYNTAX
ERROR IN 145
READY.

If you see this type of error message when you try to run a
program, check to be sure that a reserved word hasn’t been used.

QUESTIONS

1. What does a GOTO command do in a BASIC-language pro-
gram?

2. What information must you provide in a GOTO command?
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10.

11.

. Can a GOTO command cause a computer error? If so, what

kind of an error?

. Does a GOTO command have to point the computer to the

start of a program, or can it point it somewhere else?

How can you get out of an “endless” loop?

How can you stop the computer when it’s waiting for you to
type in information for an INPUT command?

. What kinds of “statements” can the VIC 20 test, or evalu-

ate?

How are statements used so the VIC 20 can make decisions?

What conditions can be checked in IF-THEN commands?

What kinds of commands can be used after the THEN in an
IF-THEN command?

What do the AND, OR, and NOT operations do?
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12. What operation gets a random number from the computer?

13. How can you get the integer 15 from the value 15.962?

1.

118

FOOD FOR THOUGHT

In one of the experiments in this chapter, the following pro-
gram was used to show you how an IF-THEN command could
be used to get the computer out of a loop:

10 X=0

20 PRINT X

30 X=X+ 1

40 IF X = 10 THEN END
50 GOTO 20

Rewrite the program so that it does the same thing, but use
some other condition in an IF-THEN command. There’s al-
ways more than one way to solve a problem.

. In an example of the logic OR operation, an IF-THEN com-

mand was used to check a number to see if it was greater-than
100 OR less-than 0. Suggest a way in which the AND opera-
tion could be used instead. The operation must still check to be
sure that values are between 0 and 100. Remember, the values
0 and 100 are allowed, too.

PROBLEMS

Write a program where three numbers are entered from the
keyboard into the computer. The two largest numbers are
multiplied, and the result is then divided by the smallest
number. The division result is then displayed. Assume that the
numbers can be entered in any order. Thus, if your program is
properly written, the same result will be produced regardless
of the sequence in which the numbers are entered. Assume
that none of the numbers are the same.



. Write a program that asks you if the washing machine is run-
ning. You answer with either a 1 for yes or a 0 for no. The
computer then asks you if the water drain is plugged up, and
again you answer with a 1 for yes or a 0 for no. If the washing
machine is running and the water drain is plugged, the com-
puter should display the words “STOP THE WASHING
MACHINE.”

. Write a program that lets you enter an amount of money, such
as 2.43, which represents $2.43. The computer then tells you
how many quarters, dimes, nickels, and pennies would be re-
quired for this amount of money. You want to use as few coins
as possible, so calculate how many quarters are required first,
followed by dimes, nickels, and pennies.

. Write a program where the computer generates an integer
random number between 0 and 100. The number is then dis-
played on the TV screen.

. Write a program that generates a random number between
35.46 and 48.7. The program should generate random numbers
continuously and display them on the TV screen.

. Have the computer generate two random numbers between 0
and 50. These numbers should be displayed on a single line,
separated by a plus (+) sign. You then have to enter the sum
of these two numbers. If you enter an incorrect sum, the com-
puter displays the same “problem” again. If you enter the cor-
rect answer, the computer generates a new problem for you.

. Modify the program from Problem 6 so that the computer asks
you 10 problems and gives you a grade between 0 and 100 after
all 10 problems have been answered. If an incorrect answer is
entered, 10 points should be subtracted from the grade and the
computer should generate a new problem. Any “missed” prob-
lems should not be repeated.

. Write a program where the computer generates a random
number between 0 and 100, and you have to guess the number
by entering guesses on the keyboard. After you enter each
guess, the computer should tell you if your guess is too high,
too low, or correct. If your guess is too high or too low, you
continue to enter guesses until the correct number is entered
on the keyboard.

119



10.

11.

12.

13.
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Write a program that converts degrees Celsius to degrees
Fahrenheit. The equation for this is F=1.8*C+32, where C is
the temperature in degrees Celsius and F is the resulting tem-
perature in degrees Fahrenheit. When this program is run-
ning, enter the value 21. The computer should display the re-
sult (F) of 69.8.

Modify the program in Problem 9 so that the temperatures
displayed (F) are rounded up or down. Thus, if a temperature
of 21 is entered, the temperature displayed should be 70 rather
than 69.8. Likewise, if the calculated temperature is 34.4, 34
should be displayed. If the fractional part of the temperature is
.5 or greater, round up.

Write a program that lets you enter a day between 1 and 365.
The computer then displays the month and the day of the
month. For example, if you enter a 1 the computer displays
January 1. If you enter a 45 the computer displays February
14. (NOTE: This is a long and tedious program to write.)

Write a program that generates a multiplication table for all
possible combinations of numbers between 1 and 3. Thus, you
should see:

1*1=1
1*2=2
1*3=3
2*1=2
2*2=4
2*3=6
3*1=3
3*2=6
3*3=9

on the TV screen.

Write a “checkbook” program. In this program, you should
first enter the number of checks written the previous month,
followed by the amount of each check. The computer should
then display the total amount of money spent. You should next
be able to enter the number of deposits that you made, fol-
lowed by the amount of each deposit. You now enter the bal-
ance of your checkbook from last month, the amount of depos-
its are added to this, the amount of all checks is subtracted
from the result, and this new balance is displayed on the TV
screen.



14. One problem with the solution for Problem 13 is that you have
to know the number of checks and deposits. If you write a lot
of checks, or have a number of deposits, this can take time.
Modify the solution to Problem 13 so that when an amount of 0
for a check or deposit is entered, the computer assumes that
you have finished entering either check or deposit amounts.
For instance, you might see the following:

CHECK AMOUNT ? 34.56
CHECK AMOUNT ? 89.50
CHECK AMOUNT ? 3.75
CHECK AMOUNT ? 0

TOTAL CHECKS: 127.81

DEPOSIT ? 100.37
DEPOSIT ? 0

PREVIOUS BALANCE ? 389.37
CURRENT BALANCE: 361.93

The CURRENT BALANCE was determined by adding
100.37 to 389.37, and then subtracting 127.81 from the result of
489.74.
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More Power to You

Your VIC 20 gives you a lot of computer power in a small pack-
age. If you want to use this power, there are new things to learn
about. For example, there are new ways that the computer can
make decisions, ways of making programs simpler, new ways to
store information, and so on. We’ll talk about these things in this
chapter. We'll start by showing you a few “tricks” that can be used
to print information on the TV screen.

SPECIALTY PRINTING

So far, you have been able to display numbers and letters on the
TV screen by using a PRINT command. The PRINT command
prints messages that are enclosed in quotation marks along with
any values that have been labeled. Here is an example:

10 PRINT “THIS IS A MESSAGE”

When the computer finds this PRINT command in a program, it
prints THIS IS A MESSAGE on the TV screen. It looks just the
same as if you had typed it on the keyboard. Since you can put
letters and numbers in a “message,” to have them printed on the
TV screen, you can put other types of keyboard operations in mes-
sages, too.
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In one of the first experiments you did, you used the CLR/
HOME key to move the cursor to its home position in the upper
left-hand corner of the screen. You also found that if you pressed
the SHIFT key and then pressed the CLR/HOME key, the screen
was completely cleared and the cursor moved to its home position.
Remember, though, that this only clears the TV screen. Programs
aren’t cleared out of the computer.

It is often useful to start off with a clear or “clean” TV screen.
Some programs clear the TV screen to erase an old game display,
or to show a new problem to be solved. Well, the computer can’t
reach out and press the SHIFT and CLR/HOME keys, so there
must be some other way to clear the TV screen.

The SHIFT and CLR/HOME key actions can be put in the mes-
sage part of a PRINT command. So, when the computer reaches a
PRINT command in the program where the SHIFT and CLR/
HOME keys have been pressed as part of the message, it clears
the TV screen automatically. Here’s an experiment that shows you
how this is done.

Experiment No. 5-1. Clearing the Screen

In this experiment, you will see how action keys can be used in
the message part of a PRINT command to clear the TV display.

Clear the computer for a new program, and use the CLR/HOME
key to clear the TV screen. Now type the following into the com-
puter and leave the cursor as shown:

10 PRINT “®

You now have part of a PRINT command typed into the
computer. Press the SHIFT key and then press the CLR/HOME
key as if you were clearing the TV screen. What happens on the
TV screen? Did you expect the computer to clear the screen? The
computer displays a “reversed heart” symbol, x4 , right after
the quote mark. Maybe you thought that the screen would be
cleared instead. Your VIC 20 computer is pretty smart. It can tell
that you're typing the SHIFT and CLR/HOME keys as part of a
PRINT command’s message; that is, between the quote marks.
The computer “knows” that you don’t want it to take any action
right away.

Since the CLR/HOME key is an action key, it won’t normally
print anything on the screen when you press it. It clears the
screen, instead. The “reversed heart” symbol is just the com-
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puter’s way of telling you that it knows that this clear-the-screen
operation is to be done later, when the program is actually run. As
youw'll see later in this book, there are other special symbols that
stand for other special operations.

Type the final quote mark and press the RETURN key, so the
line looks like this:

10 PRINT “ w4 "

When the computer reaches this line in a program, it will recog-
nize the special symbol and will know that it is supposed to clear
the screen. Add the following line to your program:

20 PRINT “CLEAR TEST”

List the program and check it to be sure it is correct. Re-
member, you can simply retype a line if you’ve made an error. List
the program three more times to put characters on the screen.
Now run the program. What happens? The screen is cleared and
the CLEAR TEST message appears at the top of the screen. Re-
member, the program simply cleared the screen and printed this
message. (The usual READY message appears, too.) When this
short program is finished, the computer is ready to do something
else.

The clear-the-screen operation is quite useful to programmers.
It is often used to clear the screen at the start of a program, or to
clear it when a program has been run. It is used whenever a clear
screen is needed.

TYPING SPECIAL SYMBOLS

When computer programs are provided as part of an experiment
or problem, it would be confusing to see a special symbol, such as a
“reversed heart,” in the program listing. These special symbols are
not found on the keyboard, so you might get confused trying to
print them on the TV screen. So, when we provide computer pro-
grams for you to enter, you'll see the keys that you are to press
instead of the special symbols:

10 PRINT “[SHIFT] [CLR/HOME]”
However, if you list this, you’ll see:

10 PRINT “ 4

If a program is complex, we'll show you a program listing, too,
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S0 you can compare your program with the one provided in the
experiment. Just remember that you’ll have to press and hold the
SHIFT or CTRL key when either is shown.

PLAYING FOR POSITION

In several of the experiments you did in previous chapters, you
found that it was fairly easy to display numbers in a column on the
left side of the TV screen. The VIC 20 can also display numbers
across the screen, in a row.

When the VIC 20 finishes a PRINT command it always places
the cursor at the left side of the line below it. This automatically
gives the computer a “clean” line on the TV screen for the next
PRINT command. This is called a “line feed,” and it is an auto-
matic part of the PRINT command.

However, you can tell the computer that you don’t want a
“clean” line, so that printing will continue on the same line, instead.
In order to keep the computer printing on the same line, you must
put a semicolon at the end of the PRINT command. Here’s an
example:

670 PRINT “ONE LINE";
680 PRINT *“ OF PRINT”

After the computer prints ONE LINE on the TV screen, instead
of moving the cursor to the left side of the line below, it leaves the
cursor right after the E in LINE. When it reaches the following
PRINT command, it continues printing OF PRINT right after
ONE LINE. The result is ONE LINE OF PRINT, printed on a
single line on the TV screen. The semicolon at the end of line 670
“told” the computer to leave the cursor where it was and not to go
to a clean line.

Here’s another example that shows how semicolons may be used
to keep the computer printing on one line:

240 RZ = 2500

250 PRINT “SCORE =";
260 PRINT RZ;

270 PRINT ** POINTS”

This causes the computer to print this as a single line on the TV
screen:

SCORE = 2500 POINTS
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Experiment No. 5-2. Printing in Columns and Rows

In this experiment, you’ll see how a semicolon can be used with a
PRINT command to tell the computer to print in rows instead of
columns. Clear your computer for a new program and enter the
following program:

10 PRINT X
20 X=X+ 1
30 GOTO 10

Run the program. What do you see on the TV screen? Increas-
ing numbers are displayed on the left side of the TV screen.
Change line 10 in the program by typing in the following. Re-
member the semicolon at the end of the PRINT command:

10 PRINT X;
Your complete program should now look like this:

10 PRINT X;
20 X=X+ 1
30 GOTO 10

Run the program. What do you see on the TV screen? The num-
bers are displayed across the screen, line after line. Stop the com-
puter when the numbers reach 400 or more. Are any of the num-
bers at the right “edge” of the TV screen “broken,” or are only
complete numbers displayed?

Many of the numbers are broken at the right edge of the TV
display, and several lines look like this:

387 388 389 390 39
1 392 393 394 395
396 397 398 399 4
00 401 402 403 404

The numbers are not lined up in columns, and a whole screen of
numbers looks very confusing. However, we accomplished our goal
of printing numbers across the screen rather than up and down one
side.

THE TAB COMMAND

If you were running a program to help you balance a checkbook
or put grocery prices on the TV screen, the “jumbled” display
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shown in the previous section would be very difficult to read and
understand. Help is on the way. The TAB command can be used to
line up columns of numbers on the TV screen, and TAB is just
short for “table.” A printed “table” puts information in up-and-
down columns that are easy to read, and the TAB command lets
the computer display information in this easy-to-read form.

The TAB command uses a number that tells the cursor how far
to move from the left side of the TV screen. For example, a TAB(9)
command tells the cursor to move over nine spaces from the left
side of the TV screen, while a TAB(15) command tells the cursor to
move over 15 spaces from the left side of the TV screen. The TAB
command is used only as part of a PRINT command. For exam-
ple:

10 PRINT TAB(5) COST;

In this example, the computer moves the cursor over five spaces
to the right and prints the value that has been labeled COST.
Since a semicolon has been put at the end of the command, the
cursor won’t go on to a clean line below. Perhaps something else is
going to be printed on the same line.

When using the TAB command, don’t use any extra spaces be-
tween the word TAB and the parentheses, or the computer will
not know what you mean. For example, this TAB command is in-
correct:

TAB (9)
Experiment No. 5-3. Using the TAB Command

The purpose of this experiment is to show you how the TAB
command can be used to control the display of information in neat
columns that are easy to read.

Clear your computer for a new program and carefully enter the
following program:

10 PRINT X;

20 X=X+ 1

30 PRINT TAB(5) X;
40 X=X+1

50 PRINT TAB(10) X
60 X=X+ 1

70 GOTO 10
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Be sure you have typed in the semicolons at the end of lines 10
and 30. Run the program. What do you find displayed on the TV
screen? Three columns of numbers are displayed on the TV screen,
and the numbers should be easy to read in this form. Change line
50 in the program to the following:

50 PRINT TAB(15) X

What do you think will happen when you run the program? Run
it and see. The right-hand column has been moved farther to the
right. You can use a TAB command with a PRINT command to
print things on the TV secreen in a neat form.

The TAB command is used when you want to have numbers,
words, or other information displayed in neat columns that you can
read without straining your eyes. If you decide to try the TAB
command in a program, just remember that you can only use it
with a PRINT command. Remember, too, that the display on the
VIC 20 has room for only 22 characters in a row across the screen.

MORE DECISIONS

In the previous chapter, you saw how the computer made deci-
sions by using the IF-THEN command. This is a useful command,
since it lets the computer test a statement to see if it is true or
false. If the condition is true, the command following the THEN is
done. Here’s an example:

50 IF ALFA = 100 THEN PRINT “LIMIT REACHED”: END

In this example, if the statement, ALFA = 100, is true, the
computer prints LIMIT REACHED and the program ends. If
ALFA = 100 is found to be false (this means that ALFA is not
equal to 100), then the computer continues to the next program
line. Remember that ALFA is just a label that identifies a value
saved in the VIC 20 computer.

The VIC 20 has another type of decision-making instruction.
While it’s not as flexible as the IF-THEN command, it can be used
in some cases to save computing time and programming time. This
new command is the ON command, and it can only be used to test a
value to see if it is equal to 1, 2, 3, 4 . . . and so on up to a
maximum value of 255. What does the ON command do once it has
done the test? Look at this example:

100 ON ALFA GOTO 155, 300, 950
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ALFA is first tested to see if it is equal to 1. If it is, the comput-
er goes to line 155 in the program. If ALFA is not equal to 1, the
computer tests to see if it is equal to 2. If it is, the computer goes
to line 300 in the program. If the value isn’t 2, the computer tests
to see if it is equal to 8. If it is, the computer goes to line 950. If
the value is not 1, 2, or 3, the computer just keeps going in the
program. A flowchart for this ON command is shown in Fig. 5-1.

In this example, the ON command only tested the three values,
1, 2, and 3, since there were only three line numbers after the
GOTO part of the command. The ON command always starts test-
ing with a value of 1, and it runs as many tests are there are line
numbers in the ON command.

How could the ON command be used in a program? Many pro-
grams ask you to type in a number; to answer a multiple-choice
problem, to move a player in a game, or to select a special action
from a list. In the followng example, the computer user has been
asked to type in a number to tell the computer which one of several
programs to run. The choices are:

TO LINE 155

TO LINE 300

TO LINE 950

CONTINUE...

Fig. 5-1. Flowchart for an ON command.
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ROAD-RACE GAME
MATH PROBLEMS
BUSINESS PROBLEMS
PHONE NUMBER FILE

N~

Here are several program lines that could be used to “select” the
program to be run. To make this simple, the program steps for
each of the choices haven’t been shown:

200 PRINT “TYPE YOUR CHOICE”

220 INPUT CHOICE

240 ON CHOICE GOTO 1250, 3570, 5790, 7100
260 GOTO 200

1250 REM START OF ROAD-RACE GAME PROGRAM
1255 Etc...

3570 REM START OF MATH PROBLEMS FOR KIDS
3575 Etc...

5790 REM BUSINESS CALCULATIONS PROGRAMS
5795 Etc...

7100 REM PHONE NUMBER AND ADDRESS FILES
7120 Etc...

In this example, if the CHOICE entered is not 1, 2, 3, or 4, the
computer reaches the GOTO command at line 260 and it asks you
to type in another choice. This is an important part of the program,
since it prevents the computer from taking any unplanned action
when some number other than 1, 2, 3, or 4 is entered. This is called
on “error trap,” since it “traps” numbers that can’t be used for
choices. Some programs use very complicated “error traps” so that
programs can’t be “messed-up” by someone who types in some-
thing a bit unusual.

When a computer asks you to tell it what you want it to do by
listing several choices, this list is called a menu. Many programs
use menus so that you can select one action from a list. When you
hear people talk about a program that uses a menu, this list of
choices is what they are talking about.

You can probably see that the ON command is limited in what it
can do, but it can be used to replace many IF-THEN commands:

IF CHOICE = 1 THEN GOTO 1250
IF CHOICE = 2 THEN GOTO 3570
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IF CHOICE = 3 THEN GOTO 5790
IF CHOICE = 4 THEN GOTO 7100

There is no reason why some of the line numbers in an ON com-
mand can’t be the same. In the following example, if the value
labeled CANS is 3 or 5, the computer goes to the same line in the
program:

100 ON CANS GOTO 155, 200, 890, 1550, 890

COUNTING LOOPS—THE FOR-NEXT COMMAND

When we were discussing the IF-THEN command, we showed
you how it could be used to get the computer out of a loop after it
had gone through it a set number of times. The following program
shows how an IF-THEN command can control a loop program so
that “YOUR NAME?” is printed on the TV screen five times:

10 T=1

20 PRINT “YOUR NAME"
30 IFT = 5THEN END
40 T=T+1

50 GOTO 20

Computer programmers would say that the computer made five
“passes” through this loop. “Pass” is a useful term, particularly
when we are talking about loops, so we will use “pass” to mean
that the computer has made a “trip” through the program loop.

Using an IF-THEN command to count passes through a loop is
not very efficient, since you have to program the computer to
count each pass and check to see if the limit has been reached. The
FOR-NEXT command is used just to count passes through loops,
and a loop counter is built right into the command. The FOR-
NEXT command has two parts; a FOR command at the start of
the loop and a NEXT command at the end of the loop. Here is how
a FOR command starts a loop:

50 FOR GAME = 1TO 10

The FOR operation first sets up a loop counter that has been
labeled GAME in this example, but almost any label can be used.
The example shown sets the counter to 1, and sets the maximum
count to 10. The loop count has 1 added to it after each pass
through the loop, so you can see that the computer will make 10
passes through this loop, with loop counts of 1, 2, 3 and so on up to
10.
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The NEXT operation is put at the end of the loop:
100 NEXT GAME

This tells the computer that it has reached the end of the loop.
The computer then adds 1 to the loop counter (GAME) to see if it
has gone through the loop 10 times. When all 10 passes through
the loop have been made, the computer continues with the pro-
gram line that follows the NEXT command. Here is an example of
how the FOR-NEXT command can be used:

50 FORLTR =1TO 12

70 PRINT “I LOVE YOU!"
100 NEXT LTR

120 PRINT “ JACK”

When this program is run, it prints the message, I LOVE
YOU!, on the screen 12 times, followed by JACK; a computerized
Valentine. A flowchart for this program is provided in Fig. 5-2.

The PRINT command at line 70 has been indented several extra
spaces so you can quickly identify the steps in the loop. This is a
simple thing to do, and it lets you immediately identify the opera-
tions in the loop. If you decide to write programs that use loops,
use the indentations. It helps keep track of what’s going on.

Experiment No. 5-4. The FOR-NEXT Loop

This experiment will show you how the FOR-NEXT command
can be used in programs to count passes through loops. Clear your
computer for a new program and enter the following program:

10 FORTR =1TO 10
50 PRINT “NAME”
90 NEXT TR

Run the program. What happens? You should see the message,
NAME, printed on the TV screen 10 times. Go back and change
line 50 so the computer will print your first name. Don’t use more
than 10 or so characters. Run the program again to be sure it
works correctly.

How can you change the program so the computer goes through
the loop 100 times? Just set the upper limit of the loop count to
100. Change line 10 in your program so that it is now:

10 FORTR = 1 TO 100
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SET LTR=1 _
MAX LOOP COUNT =12 50 FORLTR=1TO 12

A

1 PRINT "I LOVE YOU" 70 PRINT "I LOVE YOU"

\

INCREASE LTR BY 1

100 NEXT LTR

PRINT "JACK" 120 PRINT "JACK”

D

Fig. 5-2. Flowchart for a FOR-NEXT operation.

Run the program. Did the computer display your name all 100
times? Did you count them all? It’s probably difficult to tell, since
the display moved so quickly. It would be difficult to try and count
names as they flash by.

You can display the value of the loop count along with the name,
since it has been given a label. This will give you a way to keep
track of the number of passes the computer has made through the
loop. Add the following line to your program so that the loop count
is displayed on the TV screen:

60 PRINT TR
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Here is a listing of the complete program for you:

10 FORTR =1 TO 100
50 PRINT “NAME"”
60 PRINT TR

90 NEXT TR

Run the program. Can you see the numbers as they flash by on
the TV screen? They are hard to see, but 100 should be the last
number displayed.

To convince you that the computer made 100 passes through the
loop, try this: run the program again, but right after you start it,
press the CTRL key and hold it down. What happens to the TV
display? The display is slowed down so you can see what is happen-
ing on the TV screen. You can press the CTRL key to slow down
the rate at which information is displayed on the TV screen.

You can also slow the TV display by giving the computer some-
thing else to do. Add the following line to your program:

70 FORP =1TO 120 : NEXT P

Now run the program. Don’t press the CTRL key this time.
What has happened? The display has been slowed so you can read
the numbers on the screen. Do you know why the added program
line slowed the display? The added program line is a loop, too, but
the FOR and NEXT operations have been put on one line. Here’s
what they look like when they are written one over the other:

70 FORP =1TO 120
80 NEXT P

This loop doesn’t have anything to do between the FOR and
NEXT commands, so it’s often called a “do-nothing” loop. It just
causes the computer to go through this simple loop 120 times. Al-
though the computer can do things quickly, making it do “nothing”
120 times slows it down quite a bit. This type of do-nothing loop is
also called a time-delay loop, and it is often used to slow the com-
puter so you can keep up with it.

Let’s do one last thing with this program. Add a command so
you can enter the number of loops that the computer is supposed to
do. Here is the line to put in your program:

5 INPUT “LOOPS”; LP
Now change line 10 to:
10 FORTR=1TOLP
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List your program. It should look like this:

5 INPUT “LOOPS”; LP
10 FORTR=1TOLP
50 PRINT “NAME"
60 PRINT TR
70 FOR P =1 TO 120:NEXT P
90 NEXT TR

The number of passes that you want the computer to make
through the loop is now entered from the keyboard. Run the pro-
gram and type in a value for LOOPS. Since the time delay FOR-
NEXT line (line 70) is still in your program,.it will take quite a
while for the computer to make a million passes through the loop,
so keep your number below a thousand.

Can you take the time delay loop out of your program? You
should be able to. How do you stop the program before all the
passes have been done?

A REAL USE FOR A LOOP

There are many times when an average of several values is
needed. Remember that the average of several values is simply the
sum of the values divided by the number of values used. This type
of calculation is used to figure an average of grades for students
who are graded with numbers; 97, 75, 88, and so on. It could also
be used to calculate the average balance in a checking account, the
average cost of groceries over several months, the average cost of
gasoline for a year, and so on. There are many uses for this type of
program.

The following program can be used to figure or “compute” the
average of values that are typed in from the keyboard. Let’s say
that we’re averaging a family’s grocery bills for a month. Since the
number of bills will be different from month to month, it is helpful
to be able to type in the number of bills that are to be averaged.
This program is very flexible and you can use it to average many
other things. If you want to, you can load it into your computer
and try it. You don’t have to load the REM line, line 15:

10 PRINT" W "

15 REM THIS CLEARS THE SCREEN

20 INPUT “NUMBER OF VALUES ="; NV
30 SUM =0
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40 FORLP = 1TO NV

50 INPUT “VALUE ="; V

60 SUM = SUM + V

70 NEXT LP

80 PRINT “AVERAGE IS ” SUM / NV
90 GOTO 20

If you decide to try this program, try averaging the following
three values to test the program: 85.90, 97.50, and 68.72. The av-
erage is 84.04.

Several important things happen in this program. It lets you
type in the number of values that are to be averaged. This number
is labeled NV and it is used in the FOR command at line 40. This
sets up the loop counter and also the maximum number of passes
through the loop, or NV. The values to be averaged are input at
line 50. Once a value has been input, it is added to the old sum and
the new total is labeled SUM. To finally get the average value, the
SUM is divided by the number of values, NV, at line 80. This line
also prints the average on the TV screen.

NESTED LOOPS

You have probably used sets of measuring cups that could be
placed one inside the other to make a neat stack that can be easily
stored. Program loops can be placed one inside the other, too.
Let’s look at a program that uses two loops, one inside the other.
In this program, one loop simply prints the numbers 1 through 10
on the TV screen, while the other loop prints five asterisks be-
tween each number. Here is the program.:

10 FORN =1TO 10
20 PRINT N

30 FORT=1TO5
40 PRINT “*”;

50 NEXT T

60 PRINT

70 NEXT N

80 GOTO 10

Let’s look at this program, starting with the inner loop that
prints the five asterisks. Here it is:

30 FORT=1TO5
40 PRINT “**;
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50 NEXT T
60 PRINT

A flowchart for this program is shown in Fig. 5-3. The FOR
command sets up the loop for five passes, and the computer prints
five asterisks on the same line. The semicolon keeps the printing
on the same line. The PRINT command at line 60 is not part of the
FOR-NEXT loop, and it doesn’t “print” anything. It’s just used to
return the cursor to the left side of the line below so that the next
number will be printed on a “clean” line.

Now let’s take this loop out of the program and look at what’s
left:

10 FORN =1T0 10
20 PRINT N

70 NEXT N
80 GOTO 10

This is a simple loop, too, and it is shown in the flowchart in Fig.
5-4. The loop has been set up for 10 passes, and since the label N
has been used to identify the loop count, you can print the loop
count, too. The GOTO command at the end of the loop simply tells
the computer to go back and start the program over again. A
complete flowchart for the program is shown in Fig. 5-5.

When loops are used this way, one inside another, they are said
to be “nested,” and programmers use nested loops often. The
“smallest” loop is called the “inside” loop and the “largest” loop is
called the “outside” loop. Since an indented program listing was
used in this example, it shouldn’t be hard to tell the loops apart.

Let’s look at another program that uses nested loops, but if
you’ve had enough of nested loops, feel free to go ahead to the next
section.

Although the next program looks complicated, it just uses two
nested loops like those shown in the previous example. There are
just more things done in each loop. This program was written by a
housewife who wanted to do more than just average her food costs
each month. This program also tells her the total amount spent on
groceries over several months and the average amount spent each
month.
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MAXIMUM LOOP
COUNT =5

CONTINUE...

Fig. 5-3. Flowchart for the “five-asterisk” loop.

The illustration in Fig. 5-6 shows what the program calculates
for the three monthly grocery bills. Here is the program. Although
it looks complicated at first, you can break it down into smaller
pieces if you want to look at it in detail:

10 PRINT “GROCERY PROGRAM”

100 INPUT “NUMBER OF MONTHS”; NM
120 TTL=0

140 FOR M = 1 TO NM

160 PRINT “NUMBER OF BILLS”

180 INPUT “THIS MONTH”; NB

200 SUM =0

220 FOR B = 1 TO NB

240 INPUT “AMOUNT ="; AMT
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280
300
320
340
360
380
400
420
440

|

MAXIMUM LOOP
COUNT=10

OTHER LOOP

Fig. 5-4. Flowchart for the main printing loop.

'SUM = SUM + AMT
NEXT B
PRINT “MONTHLY AVERAGE”
PRINT “IS ¥ SUM / NB
TTL = TTL + SUM
NEXT M
PRINT “TOTAL OF ALL”
PRINT “BILLS IS ” TTL
PRINT “AVERAGE MONTHLY”
PRINT “COST IS ” TTL/NM
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MAXIMUM LOOP
COUNT =10

PRINT N

L_l

MAXIMUM LCOP
COUNT =5

PRINT "«";

T=T+1

N=N+1

Fig. 5-5. Flowchart for the complete printing program.
TAKE ONE GIANT STEP

Let’s look at a slightly different use of FOR-NEXT loops. In the
FOR-NEXT loops that you've seen so far, a 1 is added to the loop
count each time the computer passes through the loop. Well, there
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GROCERY PROGRAM
NUMBER OF MONTHS? 3
NUMBER OF BILLS
THIS MONTH? &4
AMOUNT =? 76.98
AMOUNT =7 57.75
AMOUNT =? 78.90
AMOUNT =? 54.23
MONTHLY AVERAGE
IS 66.965
NUMBER OF BILLS
THIS MONTH? 2
etc...

TOTAL OF ALL

BILLS IS 671.95
AVERAGE MONTHLY
COST IS 223.98

Fig. 5-6. Typical printed output from the grocery-bill program.

may be times when you’d like to add some other value to the count
when the computer goes through the loop. You can do this simply
by telling the computer what value you want added to the count.
Here’s an example:

100 FOR TR = 1 TO 200 STEP 3

In this case, the computer adds 3 to the count after each pass
through the loop. So, the loop count would be 1, 4, 7, and so on. If
you don’t tell the computer what size “step” is being used, it sim-
ply adds 1 to the count after each pass through the loop.

Since the maximum loop counter value in this example has been
set to 200 in the FOR command, what happens as the loop count
increases toward 200? When counting by 3s, the count looks like
this:

... 187, 190, 193, 196, 199

In this case, the computer gets out of the loop after reaching a
count of 199, since the next value, 202, is greater than 200. Re-
member that a maximum loop count of 200 was set up in the FOR
command.

Do you want to count to 100,000 by 17s? Here’s a program that
does it for you:

100 FOR C = 1 to 100000 STEP 17
110 PRINT C
120 NEXT C

The computer quits at 99995, since the next value (100012) puts
it over the 100000 mark.
Loops don’t have to start with a count of 1. Any other value can
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be used as long as the maximum value is greater than the starting
value. The following program goes through this loop six times:

250 FOR TX = 15 TO 20
260 PRINT “HAVE FUN”
270 NEXT TX

Remember, the loop counts would be 15, 16, 17, 18, 19, and 20!
Loops can count down, too. Here’s an example that we'll let you
think about:

1020 FOR XZ = 100 TO 50 STEP —1
1030 PRINT X2
1040 NEXT XZ

In this program, the loop count starts at 100. This is kigher than
the final loop count, which is set at 50. How can this be? Well, the
step has been set at —1, which simply means that the loop count
will have 1 subtracted from it each time the computer goes through
the loop. So, the first count is 100, the next count is 99, and so on.
The loop is finished when the loop count goes down to 50.

SUBROUTINES TO THE RESCUE

We all do routine jobs, again and again, but at different times
and different places; making a bed, fixing a sandwich, and mowing
a lawn are typical things that we do frequently. Many computer
programs have operations that do the same thing, but at different
times and places in a program. Let’s look at an example.

A cleaning service uses a computer program to do these three
things:

1. Print bills to be sent to customers.
2. Print letters typed by a secretary.
3. Print envelopes.

The computer prints the company’s name and address on each
bill, letter, and envelope. Do the three parts of the program each
have instructions to do this printing? Probably not, since it is
wasteful of both the computer’s time and the programmer’s time to
duplicate the same program steps three separate times. It is better
to put the part of the program that prints the name and address in
one place and let the different parts of the program share it. This
is shown in Fig. 5-7. You can see that when the printing subroutine
is shared, the program is shorter and any errors are limited to one
part of the program.
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TASK 100 STEPS ) . . I
L
\ : *
SHARED
TASK 100 STEPS TASK
1)
i
1!
________ |
TASK 100 STEPS 2
1 ~200 EXTRA STEPS
(A) Without a subroutine. (B) With a subroutine.

Fig. 5-7. Using a subroutine saves program space and limits errors.

Although our example may be a bit simple, this program-sharing
technique is common. When programmers are writing long com-
plex programs, they like to save as much time and energy as pos-
sible, so they look for tasks that can be shared. These shared tasks
are called subroutines, and they provide a way of simplifying and
shortening programs.

Here is another example of how a subroutine could be used. A
hardware store uses a computer to keep track of the products that
it sells. The products have been given part numbers between 1 and
10000, so that the computer can tell one from another. The product
numbers are used by different parts of the hardware-store pro-
gram, so a subroutine is used to get the product number from the
computer keyboard whenever it is needed. Simple INPUT com-
mands could have been used throughout the program, but the pro-
grammer decided to check the number to be sure it is in the range
1 to 10000. This takes more program steps, so why spend time
duplicating these steps (and any errors) throughout the program,
when the program can share one set of instructions that is easy to
get to? Here’s what the steps might look like:

2000 PRINT “TYPE THE PART NUMBER"”

2020 INPUT PN : PN = INT(PN)

2040 IF (PN < 1) OR (PN > 10000) THEN PRINT
“OUT OF RANGE": GOTO 2000
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When a number is typed in, the computer uses the INT com-
mand to remove any decimal fractions, and the IF-THEN opera-
tion checks to be sure the number is between 1 and 10000. If it is
outside this range, the message “OUT OF RANGE,” is printed
and the user gets another chance to type it in. This “traps” any
incorrect numbers. Other typing errors could be checked for, too.

Whenever the programmer needs a part number for a task, he
can “tell” the computer to go to this number-input subroutine and
get it. But how is the computer pointed to this subroutine? Pro-
grams use a GOTO command to point the computer to a specific
program line, and there is a similar instruction for subroutines.
This is the go-to-subroutine, or GOSUB instruction, and a line
number is used with it to tell the computer where the subroutine
is. Unlike a GOTO command that simply tells the computer, “Go to
a specific place,” the GOSUB command tells it, “Go, but remember
to come back when you’re done.”

A RETURN instruction is used at the end of every subroutine
to tell the computer that it’s time to go back to the main program.
Here’s what the complete number-input subroutine would look
like:

2000 PRINT “TYPE THE PART NUMBER"

2020 INPUT PN : PN = INT(PN)

2040 IF (PN < 1) OR (PN > 10000) THEN PRINT
“OUT OF RANGE”: GOTO 2000

2060 RETURN

And here is how the main program would point the computer to
it:

250 GOSUB 2000

260 etc. ..

Now, whenever the programmer needs to have the user type in
a part number, he can simply use the GOSUB 2000 command to
get it. He doesn’t have to retype all of the input and error-checking
steps. Subroutines are very useful to programmers.

Let’s do an experiment to see how a subroutine can be used in a
program to save programming time.

Experiment No. 5-5. Using a Subroutine

In this experiment, you'll see how a subroutine can be used for a
simple task, and how the subroutine can be used at several places
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in a program. Clear your computer for a new program, and enter
the following subroutine:

2000 FORP =1TO 22
2010 PRINT “*";
2020 NEXT P

2030 RETURN

Do you know what this subroutine will do? Let’s just run the
subroutine and see. Type GOSUB 2000 [RETURN] and see what
happens. You should see a line of asterisks across the TV screen. If
the asterisks go down the screen instead, you forgot the semicolon
at the end of the PRINT command at line 2010.

Now let’s use the subroutine in a program. Add the following
lines to the ones already in the computer:

100 FORL =1TO 10
110 PRINT L

120 NEXT L

130 GOSUB 2000

140 END

Run the program. You can type RUN or RUN 100. You can give
the computer a specific line number in RUN, GOTO, or GOSUB
commands that you type in from the keyboard if you want the
computer to start at a particular place in a program, rather than at
the lowest line number.

What is displayed on the TV screen when the program is run?
You should see the numbers 1 through 10 displayed down the left
side of the TV screen, with a row of asterisks across the screen
below them. Now add the following lines to your program:

140 FORQ=1TO3
150 PRINT “VIC 20"
160 NEXT Q°

170 GOSUB 2000

180 END

The complete program, including the subroutine, should look like
this:

100 FORL =1TO 10
110 PRINT L

120 NEXT L

130 GOSUB 2000
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140 FORQ=1TO3
150 PRINT “VIC 20"
160 NEXT Q

170 GOSUB 2000

180 END

2000 FORP = 1TO 22
2010 PRINT “*;
2020 NEXT P

2030 RETURN

Run the program. You should see a display like this on the TV
screen:

© ONDOGDLWON

10

HRR KRR ARk Rk Rk
VIC 20

VIC 20

VIC 20

% 3 3k ok ok 3K % ok ok ok ok sk ok ok ok ok ok ok ok koK

In this experiment, the subroutine has been used to do a simple
task; print 22 asterisks across the TV screen. However, it saved
considerable programming time and effort, since the same
asterisk-printing instructions were used twice in the program. This
meant that you didn’t have to duplicate or copy the program lines
that printed the asterisks across the TV screen when they were
needed again. You simply used the GOSUB 2000 command.

Can you think of other tasks that might be done by using sub-
routines instead of writing the same program steps over and over
again? Special math operations might be put in subroutines; for
example, figuring sales tax.

Subroutines are very useful, even in short programs where it is
necessary to have the computer do the same thing again and again.
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The task might be as simple as printing a line of asterisks across
the screen, or it might be as complex as figuring how to point a
telescope at a particular star in the night sky.

LOTS OF INFORMATION

There are many times when we need to have the computer store
more than one or two pieces of information. In all of our previous
examples, we have shown you how the computer uses labels to
identify information and save it for use somewhere else in a pro-
gram. This has worked out well so far, but there is a limit to the
amount of information that ecan be stored this way.

Let’s assume that we are running tests on flashlight batteries to
see how long they last. We load the batteries into a flashlight and
leave it on. We want to keep a record of how long it takes for the
light to go out. If we write the results on paper, they might look
like this:

Battery type 1, 5% hours
Battery type 2, 4% hours
Battery type 3, 6 hours

How can we use the computer to store the test results for eight
kinds of batteries? A program could be written using eight differ-
ent labels; B1, B2, B3, and so on. That seems to do the trick, but
we still have to get the information into the computer. Since eight
different labels have been used, one for each type of battery, we’ll
need eight INPUT commands:

160 INPUT “B1 VALUE”; B1
180 INPUT “B2 VALUE”; B2
200 INPUT “B3 VALUE"; B3
220 INPUT “B4 VALUE”; B4
240 INPUT “B5 VALUE”; B5
260 INPUT “B6 VALUE”; B6
280 INPUT “B7 VALUE"; B7
300 INPUT “B8 VALUE"; B8

Imagine testing 100 batteries and trying to save the test times
this way! Computers would lose a lot of their power if we had to
set up programs with many input commands such as those shown.
There is an easier way to store this kind of information.

The computer can easily store a lot of similar information, and
you can think of it as being stored in a chest of drawers, as shown
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in Fig. 5-8. Each drawer has been numbered and can hold a piece
of information. The chest is given a “name” so you can identify all
of the information stored in it.

Computers use a table to store this type of information, and it is
given a name, too. Individual pieces of information in the table are
given a number to identify them. So, each piece of information in a
table can be identified using the name of the table and the number
where it is located. Here’s what a table might look like:

TABLE “BAT”—BATTERY TEST TIMES

Battery Type Test Time
1 5Y%2 hours
2 4% hours
3 6 hours

"BAT"
® ® -—BAT(1)
® ®
® ®
® @ ~—BAT(4)
® ®
® ®
® ®
® ® ~—BAT(8)

L — 1

Fig. 5-8. An array of information is organized like a set of drawers.
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This table has been named BAT, and the test information has
been put in it as BAT(1), BAT(2), BAT(3), and so on for each type
of battery tested. The number in parentheses identifies or “lo-
cates” each piece of information. When the computer “sees” a label
that is followed by a number in parentheses, such as BAT(7), it
knows that this information is in a table called BAT. This kind of
table is also called an array of information, or just an array. This
simply means that there is an orderly arrangement of the informa-
tion.

However, it might still look as though individual INPUT com-
mands are needed to get this information into the computer:

160 INPUT “B1 VALUE"; BAT(1)
180 INPUT “B2 VALUE”; BAT(2)

and so on.

When an array or a table is used, you can get at the different
pieces of information by using the name of the table and a label in
place of the number in the parentheses. For example, the com-
mand:

20 INPUT BAT(1)
does the same thing as this one:

10 TEST = 1
20 INPUT BAT(TEST)

The only difference is that a label has been used in place of the
number in the second set of instructions. Since a label has been
used, you can use many different types of instructions to change its
value. In this way, the computer can quickly locate a specific piece
of information in the table, or array.

Here’s an example of how an array can be used to store eight
values entered from the keyboard. The program has been kept
simple:

10 FOR TEST =1TO 8
20 INPUT BAT(TEST)
30 NEXT TEST

You should be familiar with the FOR-NEXT loop, and you can
see that the computer will go through this loop eight times. When
the computer goes through the loop the first time, what is the
value of the loop counter labeled TEST? The value is 1, so at line
20 the computer is really doing this:
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20 INPUT BAT(1)

When the computer goes through the loop the next time, the
loop ceunter is equal to 2, so the second value input is put into the
table called BAT, and it is labeled BAT(2). The computer goes
through this loop eight times, storing eight individual values in the
table called BAT. They are stored as BAT(1), BAT(2), and so on
up to BAT(8). You can get them out of the table just as easily.
Let’s do an experiment to see how the computer can store and get
values using a table.

Experiment No. 5-6. Using an Array or Table

In this experiment, you will find out how the computer can be
used to store an array or table of information, and you will use a
simple program to store an array in the computer.

Clear your computer for a new program, and enter the following
program:

10 FORTR=1T08
20 INPUT BAT(TR)
30 NEXT TR

Now run the program. When the computer displays a question
mark on the screen, enter the value 1. Remember to press [RE-
TURN]. Now enter values of 2, 4, 8, 16, 32, 64, and 128 for the
other question marks. Your TV screen should look something like
this:

RUN

?1

?2

?4

?8

? 16

? 32

? 64

? 124

READY.

|

The eight values are stored in the array labeled BAT. How can
you display one of these values on the TV screen? You can simply
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type PRINT BAT(4) to get the fourth value printed on the TV
screen. Do this. What is printed on the TV screen? The number 8
is displayed. You can display the other values this way, too. Just
use a PRINT command followed by the label for the array and the
location of the value in parentheses. Try to display some of the
other values. Can you do it? You should be able to.

Let’s add onto the program so that the computer prints the
values on the TV screen and also gives us the sum of the values.
Here is the complete program. The lines with an asterisk in front
of them are the new ones. Don’t type in the asterisks, though:

10 FORTR=1TO 8

20 INPUT BAT(TR)

30 NEXT TR

40 SUM =0

50 PRINT “VALUES ARE:"

60 FORX =1TO 8

70 PRINT “VALUE” X “IS * BAT(X)
80 SUM = SUM + BAT(X)

90 NEXT X

100 PRINT “TOTAL IS " SUM

* * * * * * *

Run this program. After you type in the eight values, the com-
puter displays them for you. It also gives you the “location” of the
value in the table. The sum is also displayed below the values.

Run the program again, but use some different numbers. You
can check your results by using a caleulator, if one is available. Can
you change the program so that the array is set up to store only
five values? You can try this if you want to.

This experiment shows you how the computer can be used to
store information in a table, and you have seen how the computer
can recall the information that it needs. You should be able to see
that using an array is much easier than using individual labels and
INPUT commands to type in many pieces of information.

THE SIZE OF YOUR ARRAYS

When arrays are used, they are given a name, and a number is
used to “locate” a stored value. The number is put in parentheses
at the end of the label or name. When a number is used this way
with the label or name of an array, it is called a subscript. In the
VIC 20, you can have arrays with subscripts from 0 through 10, so
11 pieces of information can be stored. In the previous examples,
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arrays started with the subscript 1, since it’s easy to remember
that the first value is XYZ(1). Of course, if you can only put 11
pieces of information in an array, arrays aren’t going to be very
useful.

You can have larger arrays, but you must tell the VIC 20 the
maximum size of the array before you try and use it. To set up a
large array, you use the dimension command, DIM, and follow it
with the name of your array and the mazimum subscript that you
plan to use. For example, an array named CHECKS with 100
pieces of information would be set up with this command:

10 DIM CHECKS(100)

Actually, 101 places in the array can be used, but let’s assume
that we start storing information at CHECKS(1), instead of at
CHECKS(0). If you see a DIM command in a program, you’ll
understand that the programmer is simply telling the computer
that an array is being set up to store information. This doesn’t
mean that you must use all 100 locations in the CHECKS array for
information. At some times, the array may contain only a few
pieces of information, while at others it may be filled with all 100.
The DIM command just tells the computer the array’s maximum
size.

You can also set up several arrays at the same time; for exam-
ple:

10 DIM CHECKS(50), AMOUNTS(50), DATES(50)

This statement sets up three arrays that can hold up to 50 pieces
of information in each. Perhaps a checking account program is
going to use arrays to store information. The arrays are always set
up with a DIM command right at the start of the program. In fact,
this is the first thing done in a program if an array is going to be
used. Remember that you can set up and use an array with a sub-
seript of up to 10 without using the DIM command. If you want to
store more information, you’ll have to use the DIM command.

A SPECIAL KIND OF ARRAY

Arrays or tables are very useful, since they let us store a lot of
information in the computer. Let’s assume that we want to store
the weights of the nine planets, Mercury through Pluto, in the
computer so they can be used in an action game for kids. A loop
could be set up so that the weights are typed in at the start of each
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game, but it would be a real bother to type them in each time the
game is run. You could set up the weights in an array right at the
start of the program, for example:

10 PLANET(1)=123456 : PLANET(2)=456789

and so on.

This can be a bother, too, and there’s a much better way to store
this kind of information in a program. You can simply use a DATA
statement in your program and put the weights of the planets in a
single line:

100 DATA 123456, 456789, 1298098

and so on.

This simply tells the computer, “store this information for later
use, but don’t give it a specific label.” By the way, most program-
mers put DATA statements at the end of their programs.

Now that the information has been stored in a DATA statement,
you can get at it with a READ operation or command. The READ
command simply reads each piece of information from the DATA
statements as if it were reading it from a list of values. Once the
information has been read, you can give it a label or use it in any
way you want. When you use the READ command again in your
program, the second piece of information is read from the DATA
statement. In this way, you can put information right in your pro-
grams and use it one piece at a time. Let’s do an experiment to see
how this works.

Experiment No. 5-7. Using the DATA and READ Commands

The purpose of this experiment is to show you how the DATA
and READ commands can be used. Clear your computer for a new
program and type in the following program:

10 FORT =1TO 4

20 READ QX : PRINT QX
30 NEXTT

40 DATA 123, 456, 789, 88

Run the program. Are the data values displayed on the TV
screen? They should be. You can change the four values in the data
statement if you want to and run the program again to see them
printed on the TV screen.

The values in the DATA statement are really part of your pro-
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gram, and you cannot change them except by typing in a new
program line. Change line 10 in the program to:

10 FORT=1TOS5

Run the program. Are the values printed? What else is dis-
played on the TV screen? You should see an “error message”
printed on the screen, since the FOR-NEXT loop tries to READ
five values from the DATA statement, and there are only four
values in it. The computer displays the following:

?0UT OF DATA
ERROR IN 20

READY.

]

You cannot read more information from a DATA statement than
is really there.

DATA statements are very useful, since they let you store a
great deal of information in the computer for later use. For exam-
ple, if you are using the computer to play a space-war game, the
weight of each planet and its size can be stored in a DATA state-
ment. Two READ commands are used to read them. Here’s an-
other example. Instead of using values, we’ll just show you what
would be stored in the DATA statement. Of course, the values
would be used in a real program:

50 READ WEIGHT : READ SIZE
60 DATA Weight of Mercury, Size of Mercury, Weight of Venus,
Size of Venus, etc . . .

The first READ command reads the first value in the DATA
statement, Weight of Mercury, and labels it WEIGHT. The next
READ command reads the second value, Size of Mercury, and
labels it SIZE.

When the computer comes back to the READ commands, the
first READ command reads the third value in the DATA state-
ment, Weight of Venus, and labels it WEIGHT. The next READ
command reads the fourth value, Size of Venus, and labels it
SIZE. In this way, the weight and size of the planets are stored
together, each being read in order by a different READ command.

Notice that you can assign any labels you want to the values the
computer gets in the READ command or commands. However,
when DATA and READ commands are used, programmers must
pay very careful attention to how the information is. stored and
how it is read.
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When a game or other program has finished, it may use a GOTO
command to start over again. If this is done, the programmer must
point the computer back to the start of the DATA statement, so it
will “read” through the information again. The RESTORE com-
mand does this. For example:

10 READ RX : PRINT RX
20 RESTORE

30 READ RX : PRINT RX
40 READ RX : PRINT RX
50 READ FZ : PRINT FZ
100 DATA 12, 67, 99

In this example, the first READ RX : PRINT RX operation
prints the value 12 on the TV screen. The computer gets ready to
go on to the second value in the DATA statement, but the RE-
STORE command says, “No, go back to the first value.” The
READ RX : PRINT RX commands at line 30 print the value 12
again. The following READ command at line 40 gets the value 67
and it is printed. The READ command at line 50 gets the value 99
and it is printed, too. Note that this value is labeled FZ. You can
use any labels you want to get information from a DATA state-
ment.

The RESTORE command simply tells the computer to go back
to the first value in the DATA statement. This is useful if you want
to go through the information again.

For long lists of information, you can use multiple DATA state-
ments in your program. Here is an example:

200 DATA 200, 547, 6789, 2, 512, 43
220 DATA 400, 600, 53, 1, 0, 0, 45

The VIC 20 sees this as a continuous list of 13 values.

QUESTIONS

1. You can use special “commands” in the message part of a
PRINT command to get the computer to do keyboard-type op-
erations. How would you get the cursor to its home position
without clearing the screen?
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How would you use two PRINT commands in a program to
print something on a single line on the TV screen?

. What is the TAB command, and how is it used?

. What do you think would happen if you tried to do a PRINT

TAB(15) “FUN”; and then a PRINT TAB(8) “TIME” on the
same TV screen line?

. What does the ON command do? What is tested by this

decision-making command?

When would you use the ON command in a program?

What does the FOR-NEXT command do?

. Can you use steps other than 1 with a FOR-NEXT command?

What kinds of steps can be used?

What is a nested loop?

What is a subroutine? How might it be used?



11.

12.

13.

What is an array? How is it used?

Why are arrays so flexible? How big can an array be?

What are the READ, DATA, and RESTORE operations used
for?

PROBLEMS

. Write a program that draws a diagonal line from the top left-

hand side of the TV screen to the bottom right-hand side of the
screen. (HINT: To draw the diagonal line, use the graphics
character produced by a [SHIFT] M. This graphics character
will be enclosed in quotes in a PRINT statement.)

Modify the solution to Problem 1 so that the line is drawn from
the top right-hand side of the screen to the bottom left-hand
side of the screen.

. Write a program that flashes the message “THIS MESSAGE

GETS YOUR ATTENTION” on the TV screen. The message
should flash on and off between 1 and 3 times every second.

. Write a program that causes the “heart” character ((SHIFT]S)

to move from the center of the left-hand side of the TV screen
to the center of the right-hand side of the TV screen. Once the
heart is on the right-hand side of the screen, the movement of
the heart from left to right should be repeated.

Write a program that causes the following to be displayed on
the TV screen:

ADD -1
SUBTRACT -2
MULTIPLY -3
DIVIDE -4
COMMAND ?
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Once you enter a command number (between 1 and 4), the
computer will ask you for two numbers, which will then be
added, subtracted, multiplied, or divided, depending on the
command (number) that you entered first. Once the result is
displayed, the program should be repeated. For example,

ADD -1
SUBTRACT -2
MULTIPLY -3
DIVIDE -4
COMMAND ? 1

NUMBERS ? 3,4

RESULT IS 7
ADD -1
SUBTRACT -2
MULTIPLY -3
DIVIDE -4
COMMAND ? 3

NUMBERS ? 3,5
RESULT IS 15

Write a program that displays a multiplication table that con-
tains all possible combinations of the numbers 1 through 3
times the numbers 10 through 13. Assume that multiplying 2
times 10 is the same as multiplying 10 times 2.

Write a program that calculates and displays all of the prime
numbers between 1 and 100. A prime number is a number that
can only be exactly divided by itself and by 1. Some examples
of prime numbers are 2, 3, 5, 7, and 11. Nonprime numbers
include 4 (which can be divided by 4, 1, and 2) and 12 (which
can be divided by 1, 3, 4, 6, and 12).

. Write a program that lets you enter between 2 and 20 num-

bers. These numbers are stored in the computer so that it can
calculate and display the average of all the numbers (the sum
of the numbers divided by the number of numbers entered),
the lowest number entered, and the highest number entered.
No calculations must be performed on the numbers as they are
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11.

12.

entered into the computer. All calculations must be performed
after all numbers have been entered.

Write a program where a single “die” is thrown 100 times
(there are two “die” in a pair of dice). Keep track of how many
times a 1, 2, 8, 4, 5, and 6 is thrown, and at the end of 100
throws, display the total number of times each number was
“thrown.”

Write a program that is used to keep track of car sales for each
of five salesmen. At the end of a month the computer should
display the name of each salesman, along with the number of
cars sold.

Write a subroutine that draws a playing card from a deck of
cards. After the card has been drawn, the computer displays
its suit (heart, club, diamond, or spade) along with its value of
either 2 through 10, Jack, Queen, King, or Ace. (HINT: As-
sume that each card is given a value of from 1 to 13. Once a
card is “drawn,” somehow “mark it” so that it can’t be drawn
again.)

Write a program that lets you enter an amount of money in
dollars and cents. The computer then displays the equivalent
number of French francs, German marks, and English pounds.
Assume that there are 7.49 francs, 2.48 marks, and .642
pounds per dollar. These values should be stored in a DATA
statement, along with the name of the country and its unit of
currency.
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6

Strings and Things

In previous chapters, you saw how the computer used values in
math and decision-making operations. Computers can process
values very quickly, doing thousands of math operations each sec-
ond, and this is exactly what makes them so useful and powerful.
Computers process strings quickly, too; sorting names on address
lists, locating information in library records, and printing business
reports. In this chapter, you’ll see what the computer can do with
strings; combine them, take them apart, and use them to make
decisions.

Strings are simply groups of letters, numbers, punctuation
marks, and other symbols, all of which we’ll put under the heading
of “characters.” Strings such as “TEST REPORT 12” cannot be
given a numeric value, and this type of information cannot be pro-
cessed by “multiplying” or “adding” it to some value. The VIC 20
computer stores strings in almost the same way it stores values.
Both are assigned a label so that the computer can identify them
for later use. Here are some examples of strings and the labels
assigned to them:

NAME$ = “JIMMY SMITH"
DATE$ = ‘“MAY SIXTH”
UNIT$ = “KILOGRAMS”
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Each string label ends with a dollar sign, and the characters in
the string are enclosed in quotes. As we mentioned earlier, the last
quote mark isn’t really needed, but we’ve used it since it quickly
shows the end of a string. Since the VIC 20 recognizes only the
first two letters (or letter and number) of a label, the preceding
labels and strings are the same as these:

NA$ = “JIMMY SMITH"
DA$ = “MAY SIXTH”
UN$ = “KILOGRAMS”

The VIC 20 can print a value on the TV screen by using a
PRINT command and a label, and it can print a string in the same
way. Here are two program lines that will display the word,
KILOGRAMS, on the TV screen:

10 UNITS$ = “KILOGRAMS”
20 PRINT UN$

You can also use the computer to input a string of characters and
store it for later use. The INPUT command does this, but you
must remember to use a string label in the command. Here is how
the INPUT and PRINT commands could be used together in a
program:

250 INPUT R$
270 PRINT R$

When this program is run, individual characters are typed in and
then the RETURN key is pressed. Pressing the RETURN key
tells the computer that you have finished typing in your informa-
tion, letting it go on to the next program step. The string of char-
acters typed in is labeled R$, and it is can be used later in the
program.

You can also put messages in the INPUT and PRINT commands
that are used with strings to make them more useful. Here is an-
other example:

250 INPUT “TYPE YOUR STRING"”; R$
270 PRINT “THE STRING IS. .. ” R$

USING STRINGS

The computer can do many useful things with strings, and we’ll
start by looking at how the computer puts strings together. You
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can think of the strings as characters written on strips of paper.
By using some adhesive tape, you can connect these “strings” in
many ways (Fig. 6-1). In the VIC 20, strings are connected, or
linked, by using the plus sign (+). The strings are not “added” to
one another, since this would be meaningless. When the plus sign
is used with strings, it simply means that the strings are linked to
form a new string. Here is an example that shows how this works:

10 FIRST$ = “KAREN"

20 LAST$ = “SUMMERS”
30 PRINT FIRST$ + LAST$
RUN

KARENSUMMERS

READY.

Softwaré makes

PROFIT.
[_{for| |'BigFish’

1

!

Fig. 6-1. Using strips of paper and tape to make up strings.
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The two strings labeled FIRST$ and LAST$ have been linked in
the PRINT command so when the program is run, the computer
prints KARENSUMMERS on the TV screen. The computer does
not insert any spaces between the strings. Since there are none in
either string, none are printed on the TV screen. If you want to
have spaces printed in the strings, you must include them in each
string. In this example, there is a space after KAREN, and one
after SUMMERS:

10 FIRST$ = “KAREN
20 LAST$ = “SUMMERS
30 PRINT-FIRST$ + LAST$
RUN

KAREN SUMMERS

READY.

If you don’t include spaces or other special characters in your
strings, they can be linked to the strings later. This example shows
how an asterisk can be placed between the strings FIRST$ and
LASTS:

30 PRINT FIRST$ + “*” + LAST$

The result is KAREN*SUMMERS. The asterisk is a one-
character string that has been linked in between the strings
FIRSTS$ and LAST$. Other characters or strings can also be linked
this way.

When numbers or values are added, their order, or position, is
not important. For example, 3 + 4 gives the same result as 4 + 3.
When strings are linked, their order is very important. Here is a
program example that shows what happens when strings are com-
bined in different ways:

10 FIRST$ = “KAREN "
20 LAST$ = “SUMMERS
30 PRINT FIRST$ + LAST$
40 PRINT LAST$ + FIRST$

When this program is run, two strings are printed on the TV
screen:

KAREN SUMMERS

SUMMERS KAREN

In these examples, strings have been linked in various ways and
then printed, but the combined strings were not saved in the com-
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puter. Sometimes it is necessary to link strings and then store the
result for later use. This is done. by using a new label for the new
string:

250 NAME$ = LAST$ + FIRST$

Strings can be put together this way, and the following experi-
ment gives you a chance to try it.

Experiment No. 6-1. Building a String

In this experiment, you will run a program that uses a loop and
an INPUT command to get characters from the keyboard. The
program links the individual characters you type into a complete
string that is displayed on the TV screen.

Clear your computer for a new program and type in the follow-
ing:

10 FORT =1TO 12
20 INPUT X$

30 R$=RS$+ X$
40 NEXT T

50 PRINT R$

You will use this program to type in 12 letters, one at a time.
(You must press the RETURN key after typing each letter.) After
checking the program to be sure that you have entered it cor-
rectly, run it and type in 12 letters. What happens? After the 12
letters have been typed in, the complete string is displayed on the
TV screen. Your TV screen should display something like this:

RUN

? A
? C
? Z
? F
? Q
? F
? K
? E
? S
T
? B
? P
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READY.

Now, type the command, PRINT R$, and press the RETURN
key. What happens? The 12-letter string is printed on the TV
screen again. Since the letters form a complete string that has
been labeled R$, the string can be easily identified and used again
and again.

The letters are displayed from left to right. Are they shown in
the same order in which they were typed? Yes, the order is cor-
rect. As new characters are typed in, they are linked to the right
end of the string by the R$ = R$ + X$ command, as shown in Fig.
6-2.

Run the program again, but now type in two or three letters after
each question mark appears. Again, you must press the RETURN
key to actually enter the letters into the computer. Does the com-
puter accept and store all of the letters? Yes, they are all saved.
So, you are not limited to one character for each entry. Complete
words or sentences might be entered this way.

Now, change your program so that line 30 looks like this:

30 R$ = X$ + R$

How do you think this will change the operation of the program?
Run the modified program, but type only one letter for each ques-
tion mark. What does the display look like? When the complete
12-letter string is displayed, it shows the letters in the reverse or-
der, since the newly input letter is linked to the left end of the
string, as shown in Fig. 6-3. In the original program, each letter
was linked to the right end of the string.

One final note about typing in strings: When a string of char-
acters is typed in from the keyboard, it can be only 89 characters
long.

OPERATION: R$ =R$ + X$

LINK TO RIGH

R$ X$

Fig. 6-2. Linking characters to the right-hand end of a string.
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OPERATION: R$ = X$ + R$

L |- INK TO LEFT

X$ R$
Fig. 6-3. Linking characters to the left-hand end of a string.

Experiment No. 6-2. Peculiar Characters

When you do this experiment, you’ll see that not all of the char-
acters on the keyboard are created equal, some of them do unusual
things when you try and INPUT them.

In the previous experiment, you typed letters into the computer.
We avoided having you type other characters, since some of them
are not accepted by an INPUT command. Clear your computer and
enter the following program:

500 INPUT H$
510 PRINT “ *'+ H$ ++
520 GOTO 500

‘Be sure to leave four or five spaces between the first quote in
the PRINT command and the asterisk. This will place the display
away from the left margin so that it is easy to see. Run the pro-
gram. When a question mark appears, type in a letter and press
the RETURN key. You should see the letter printed on the TV
screen between two asterisks: *F*, for example. You can safely
assume that the INPUT command will accept all of the letters,
numbers, and special graphic symbols. Try the punctuation marks
and symbols such as %, (, ete. Are they all printed between the
asterisks?

There are four “characters” that cause problems for the VIC 20’s
INPUT command. These characters are the space, the quote
mark, the comma, and the colon. The quote mark is simply ignored
and nothing is printed on the TV screen for it. The comma and the
colon are also ignored, but they cause the computer to display the
message, EXTRA IGNORED. The space character is also ignored,
but the previously typed character is printed again between the
asterisks.

How can you enter these four peculiar characters and link them
to a string if they are ignored? There is another type of keyboard
input command that is much more useful for string input opera-
tions, and we will show you how the command works later in this
chapter.
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STRING DECISIONS

The computer can make decisions based on the information in
strings. For example, a computer program can be used to “look
through” a series of names to see if Chris Hendrie’s name is there.
The computer compares each of the names it has with the string,
CHRIS HENDRIE, to see if there is a matching name on the list.
At another time, the computer might be asked to print the names
of all the people on a magazine’s subscription list, except for those
people living in New Jersey. Now, the computer would look at all
the state names and print the information for those people whose
state did not match the string, NEW JERSEY.

These string operations are similar to the equal-to and not-
equal-to operations that were used with IF-THEN commands to
compare values. In fact, these same operations can be used with
strings. The IF-THEN command tests a statement to see if it is
true or false. If the condition is true, the command following the
THEN is done and the computer continues on in the program. If
the condition is false, the computer simply goes on with the pro-
gram.

When its tasks have been completed, a program might be pro-
grammed to ask you if you want to go through it again. You might
have to answer by typing YES or NO, and the computer would
make a decision using simple string comparisons. Here is an
example in which the computer “asks” a question and expects you
to answer YES or NO:

1040 PRINT “WANT TO DO IT AGAIN?”
1045 PRINT “ TYPE YES OR NO”
1050 INPUT A$

1060 IF A$ = “YES” THEN GOTO 100
1070 END

The string that you type is compared with the string “YES” by
the IF-THEN command at line 1060. If the strings are the same,
the computer is pointed back to line 100 in the program (GOTO
100). If the strings are not the same, the program ends.

There is a flaw in this program. The computer will go back and
do the program again if you type YES, but if you type anything
else, the program will end. The person who wrote this short pro-
gram didn’t bother to have the computer also check for the NO
answer. Suppose you made a mistake and typed YEA instead of
YES? The program would end.
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A good programmer realizes that this might happen, so his pro-
gram tests for a YES or a NO answer. If anything else is typed in,
the user gets another chance to type in the correct response. Here
is a better program:

1040 PRINT “DO YOU WANT TO TRY IT AGAIN?”
1045 PRINT “TYPE YES OR NO”

1050 INPUT A$

1060 IF A$ = “YES” THEN GOTO 100

1070 IF A$ = “NO” THEN END

1080 PRINT “JUST YES OR NO—PLEASE”

1090 GOTO 1040

The string typed in is checked with the string YES at line 1060,
and if there is a match the computer goes to program line 100. If
the string does not match YES, it is checked with NO at line 1070.
If the string matches NO, the computer program stops. If the
string doesn’t match either YES or NO, the computer types out a
short message and gives the user another chance to type in either
YES or NO.

Here is a simple game in which the computer tests two strings
for a match:

100 R$ = “MAGIC”

110 INPUT W$

120 IF R$ = W$ THEN PRINT “YOU WIN” : END
130 PRINT “TRY AGAIN”

140 GOTO 110

The “hidden” word, MAGIC, is labeled R$, and the user is sup-
posed to guess it by typing in one word at a time. The chances are
slight that you could guess the word without a clue or two, but this
sample program shows how the computer can compare strings. Of
course, the strings aren’t really “equal” in the sense that 5 = 5.
However, the strings must have the exact same letters in exactly
the same positions if they are to be seen as “equal” by the VIC 20.

Computer programs can also check to see if two strings are “un-
equal,” or not the same. This is shown in the following example:

220 INPUT R$
230 IF R$ <> “BUGS” THEN END
240 etc...

When the greater-than and less-than symbols are used together,
this is the same as saying “not-equal-to.” In this example, if the
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string typed in is not the same as BUGS, the computer is stopped
by the END command. In order to continue the program, the user
must type in the password BUGS. This program could have used
the NOT command:

220 INPUT R$
230 IF NOT(R$ = “BUGS”’) THEN END
240 etc...

String-comparison operations are frequently used in games and
learning programs such as “guess-a-word” or “hangman,” in which
the computer user must correctly spell a word within a certain
number of tries. Most string tests only check to see whether or not
two strings are the same, they don’t usually check to see if one
string is “greater-than” or “less-than” another.

In the examples, upper-case, or “capital” letters have been used.
However, the VIC 20 can be set up to use lower-case letters, too.
Since the VIC 20 “sees” “y” and “Y” as different characters, pro-
grammers must pay careful attention to the “case” of the letters
being used. If the following command is used in a program to test
for the string APRIL:

100 IF PX$ = “APRIL” THEN. . .

The string, PX$, must be APRIL and not April, april, or some-
thing else if the computer is to reach the THEN. . . command.

UNTANGLING STRINGS

There are three operations that let you use the computer to “cut
up” strings so you can get at pieces of them. These operations let
you take characters from the left, right, and middle of the string,
once you have specified the string to be used and the number of
characters you want. There is also a length operation that will tell
you the number of characters in a string. These operations are
used in many ways.

The Length of a String

The length operation, LEN, is used with a string so you can
“count” the characters in it. Letters, numbers, spaces, and all
special characters (except for quote marks) are included in the
count. Here is an example of how the characters in a string are
counted. It doesn’t matter whether you count from the left or the
right:
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THI S IS8 A 30-CHARACTER STRING!
12345678 9101112131415161718192021222324252627 282930

The LEN command specifies a string and it gives you a value
that can be printed, labeled, or used in a calculation. Here is how
the LEN command might be used in a program:

100 PRINT LEN(“BLUE RIDGE")

The computer would print the number 10 on the TV screen,
since there are 10 characters in this string. The LEN command

generally uses a string label, and here is an example that shows
this:

500 F$ = “THIS IS A TEST STRING”
510 PRINT LEN(F$)

When the computer reaches line 510 in this program, it counts
the number of characters in the string, F'$, and prints this number
on the TV screen. In this example, there are 21 characters in the
string. The quote marks are not part of the string, they just show
the computer where the string starts and ends.

The LEFT$ and RIGHT$ Operations

The computer uses the LEFT$ and RIGHT$ operations to get
characters from each end of the string. In each case, the string’s
label and the number of characters wanted must be specified in the
instruction. Fig. 6-4 is an example of how these instructions oper-
ate on the string.

The LEFT$ and RIGHT$ operations actually put together their
own new strings, so the results of these operations can be labeled,

QWS = "JUST ANOTHER TEST STRING”

JUST ANOTHER TEST STRING
[ — (——

LEFT$(QWS,7) —l L RIGHT$(QWS,5)
JUST AN TRING
Fig. 6-4. Using the LEFT$ and RIGHTS$ instructions.
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as shown in the following program. This program has been listed
and run:

350 H$ = “COMPUTER POWER”
370 W$ = LEFT$(HS,4)

390 K$ = RIGHT$(H$,3)

410 PRINT W$

430 PRINT K$

450 PRINT H$

RUN

COMP

WER

COMPUTER POWER

READY.

The computer printed the left-hand four characters, COMP, and
the right-hand three characters, WER, on the TV screen. The
original string has not been changed by the LEFT$ or RIGHT$
operations, and it is displayed, too.

Here is another example of how the LEFT$ and RIGHTS$ oper-
ations work. What do you think this program will display on the
TV screen? You can type this program into your computer and try
it, but before you do, use some scrap paper to come up with the
answer.

560 P$ = “TERMITE KILLING ACTION”
580 X$ = LEFT$(P$,7)

600 G$ = RIGHTS$(X$,4)

620 PRINT G$

The program first sets up string X$ as the seven left-hand char-
acters, or TERMITE. Next, the four right-hand characters of this
new string are made into string G$ by the RIGHT$ command. The
result is MITE.

The RIGHTS$, LEFT$, and LEN operations can be combined in
a word-guessing game program, as shown in the next experiment.

Experiment No. 6-3. A Word-Guessing Program

This experiment gives you a simple word-guessing program that
you and a friend can use just for fun. You can see that the LEFTS$,
RIGHTS, and LEN operations have been used to give “clues”
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about the word that is to be guessed. Clear your computer and
enter the following program. Check it carefully:

10 INPUT T$

20 Z = LEN(T$)

30 PRINT * [SHIFT] [CLR/HOME] " : PRINT
40 PRINT Z “LETTERS”

50 PRINT LEFT$(T$,1) “ " RIGHT$(T$,1)
60 FORG=1TO5

70 INPUT K$

80 IF K$ = T$ THEN GOTO 500

90 NEXT G

100 PRINT “SORRY, WORD IS . . .”
110 PRINT “” T$
120 END

500 PRINT “CORRECT”
510 PRINT “MATCHED IN ” G “TRIES”
520 END

Before you run this program, let’s see what it does. The first line
lets you type in the word to be used in the game. The computer
then determines its length, clears the screen, and prints the
number of letters in the word. The PRINT command at line 50
prints the left-most and the right-most characters to give the user
a clue about the word to be guessed. The steps that follow input
the user’s guesses and keep track of the number of tries used. Up
to five tries are possible before the computer prints the correct
answer for you.

Run the program and type in a simple word, such as FLAVOR.
Your TV screen might look something like this:

6 LETTERS
F R
? FLOWER
? FLAMER
? FLAVOR
CORRECT
MATCHED IN 3 TRIES

READY.
|
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Or, maybe it will look like this:

6 LETTERS

F R

? FLOWER

? FLAMER

? FRAMER

? FAVOUR

? FESTER

SORRY, WORD IS . . .
FLAVOR

READY.
n

It depends on whether or not the guesses lead to the correct
answer. Although this may seem like a simple program, it can be
developed into a more complicated program that uses colors,
sounds, scores, and a large array, or table, of words that are to be
matched or spelled correctly.

The LEN, RIGHT$, and LEFT$ operations “extract” valuable
information about the string, so that clues can be provided for the
person using the game program.

In the Middle of a String

You can get characters from the middle of a string by using the
MIDS$ instruction. Fig. 6-5 is an example of how this instruction
works. The MID$ operation identifies the string, and the first
number (9) tells the computer where to start getting the char-
acters, counting from the left-hand side of the string. The quote
marks are not part of the string, so they aren’t counted. The sec-

RX$ = "SPECIAL COLOR MIXTURES”
—o—

%

MID$(RX$,9,5)

|

COLOR

Fig. 6-5. Using the MIDS$ instruction.
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ond number (5) tells the computer how many characters to get.
Here is a short program that shows how the MID$ instruction
might be used. You can load it into your computer and run it if you
want to:

10 T$ = “VIC 20"

20 FORF=1TO 6
30 PRINT MID$(T$,F,1)
40 NEXTF

50 END

THE GET COMMAND

In one of the experiments in this chapter, you found that there
are four characters that are “ignored” by the INPUT command.
The INPUT command is used mainly to input values and simple
strings that do not use the space, colon, quote, or comma char-
acters. For example, programs that require dollar amounts,
weights, YES or NO answers, and so on, would use INPUT com-
mands. However, if you want to type in information that contains
commas, spaces, quotes, or colons, you will have to use the GET
command.

The main difference between the INPUT and the GET com-
mands is the way the keyboard is used. The INPUT command will
input characters until you press the RETURN key. You can use a
single INPUT command to get a string with many characters, or a
value with many digits.

When the computer reaches a GET command in a program, it
goes immediately to the keyboard and gets whatever key is
pressed at exactly that moment. The computer doesn’t wait for you
to press a key.

If no key is pressed, the computer gets “nothing.” The GET
command does not wait for the RETURN key to be pressed, and it
can input only a single character from the keyboard. However, it
won’t “ignore” any of the keys.

It may sound as though you have to know exactly when the
computer reaches a GET command in a program so you can have
your finger ready to type a key. It’s easier than that, since in most
cases the GET command is used over and over again in a loop to
get individual characters from the keyboard.

The GET command is really easy to use, as you'll see in the next
experiment.
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Experiment No. 6-4. Using the GET Command

The GET command is very useful for getting information from
the keyboard, since none of the characters are ignored. You will
see how the GET command can be used in this experiment. Clear
your computer and enter the following program:

100 GET A$
110 PRINT A$;
120 GOTO 100

This program simply gets the character for whatever key is
pressed on the keyboard and displays it on the TV screen. The
GOTO command points the computer back to the start of the pro-
gram so it will do the same thing over and over again. Run the
program. Watch the display and press several keys. What hap-
pens? The characters are displayed on the TV screen as they are
typed in. The RETURN key has no effect except to cause the dis-
play to start at the left side of the line below it. Do the space bar,
quote, comma, or colon keys have any special effect on the display?
No, they act as you would expect, simply printing their respective
characters on the TV screen. Of course, the space bar just moves
the display over a space, as it would on a normal typewriter.

The computer is going through this three-line program very
quickly. What do you think the GET command does when there
are no keys pressed? Change the program by removing the semico-
lon in line 110:

100 GET A$
110 PRINT A$
120 GOTO 100

When you run this program, the display will be much different.
Go ahead and start the program. Type some of the keys. What is
shown on the TV screen? The characters are displayed on the left
side of the TV screen, but they move up the side quickly. In fact, it
is difficult to see them. Even when no keys are pressed, the dis-
play still moves up. Remember that the computer is going through
this loop many times each second. If no key is pressed, the com-
puter receives a “null” or “nothing” character from the keyboard,
and the PRINT command prints “nothing.” However,. since the
semicolon has been removed from the PRINT command, the com-
puter will still advance to a new line each time the PRINT com-
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mand is executed. This has the effect of “moving up” all the lines
on the TV display.

By changing the program this way, you can see that the comput-
er was still going through the GET, PRINT, and GOTO com-
mands, even though none of the keys is pressed.

Experiment No. 6-5. Building Your Own String

In this experiment, you’ll get a chance to see how the computer
can “build” a string by using the GET command. Any of the
keyboard characters may be used in the string. Clear your com-
puter and type in the following program:

100 GET R$
140 T$=T$ + R$
160 GOTO 100

Run the program and type in two or three words, using the
space bar to separate them. Is anything displayed on the TV
screen? How can you get your information back on the TV screen?
Nothing is displayed, since there is no PRINT command in the
program. Stop the program and type in PRINT T$. Are the words
displayed on the TV screen now? They should be. The string was
put together from the characters you typed, and it was labeled T§$.
Although the computer didn’t know what you might do with it, it
was still set aside for later use.

Let’s change the program so that the information is printed on
the TV screen. Add this line to your program:

120 PRINT RS$;
Now, the complete program should look like this:

100 GET R$

120 PRINT RS$;
140 T$ = T$ + R$
160 GOTO 100

Run this program and type in several words. You can use the
space bar, colon, comma, and quote keys if you want to. Do they
work the way the other keys do? Are the characters printed on the
TV screen? The keys simply print their characters on the TV
screen. Stop the program and again type PRINT T$. Is your com-
plete string printed again? It should be.

It is unfortunate that you have to stop the computer to get the
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entire string printed out. Let’s see if we can have the computer
type out the complete string when we type the “*” key. Now, the
program will have to use an IF-THEN command to check for the
asterisk. Here is the complete program for you:

100 GET R$

110 IF R$ = “*” THEN GOTO 500
120 PRINT R$;

140 T$=T$ + R$

160 GOTO 100

500 PRINT T$
510 GOTO 100

Run the program and type in a short, complete sentence. You
can use the INST/DEL key to back space and correct errors as
you're typing. When you're finished typing your sentence, press
the * key and see what happens. You should see the computer
display your complete sentence on the TV screen.

Experiment No. 6-6. Getting a Few Characters

This experiment lets you further explore the use of the GET
command and how it might be used in a program to get only a few
characters. This experiment is optional, and you can skip over it if
you want to.

Suppose that you wanted to have the computer get only five
characters from the keyboard. The GET command can be used in a
loop that is done five times by the computer. Clear your computer
and load this program:

120 PRINT “TYPE 5 LETTERS”
140 FORLC=1TO5

160 GET L$

180 TS$ = TS$ + L$

200 NEXT LC

220 PRINT TS$

240 PRINT “THE END”

The computer will go through the loop between lines 140 and 200
five times, linking each letter to the string TS§. When five char-
acters have been obtained from the keyboard, the computer prints
THE END. Run the program but don’t type any letters. What is
shown on the TV screen? The computer displays THE END, which
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means that it reached the end of your program! How can this be,
since you didn’t type your five letters? The computer went through
the loop the required five times, getting a “null” character from the
keyboard each time. Your program can’t tell the difference be-
tween a useful character and a “null” character. Remember that
the string operations are not affected by a null.

The program can be modified to accept only non-null characters.
Add the following line to your program:

170 IF L$ = “” THEN GOTO 160

In line 170, the quote marks are right next to each other; there
is mo space between them. This represents a null character to the
computer, and this statement tells the computer that if a null char-
acter is obtained from the keyboard, ignore it and go back and do
the GET command again. The computer will only pass the IF-
THEN command when a non-null character has been typed in.

Once you have added line 170 to your program, run it. Is the
message, THE END, displayed on the TV screen? It shouldn’t be.
- Type in five letters. What is displayed after all five have been
typed? The five letters should be displayed as a complete string.
This program shows how the GET command can be used with an
IF-THEN command that checks for and ignores the null char-
acters.

TELLING TIME

The VIC 20 computer has a built-in 24-hour digital clock that is
easy to use. The clock has been given the string label, TIMESS, or
simply, TTI$. Using this label, you can “set” and “read” the time.
The clock is accurate to one second and it will run for as long as the
computer is powered. The clock is completely independent of your
programs, so no matter what you do, the clock still keeps accurate
time. This type of clock is called a real-time clock.

Setting the clock is very easy. You set up a 6-character string of
numbers that represents the hours, minutes, and seconds with two
characters each. So, to set the clock for exactly 5:30 A.M., the
string would look like this:

TI$ = “053000"

Since the clock has a 24-hour “cycle,” times after 12:00 noon
must have 12 added to them. For example, 6:00 P.M. is 1800, 11:00
P.M. is 2300, and so on. You can set the seconds, too. For example,
9:00 A.M. and 45 seconds would be:
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Ti$ = “090045”

You don’t have to do anything special with the string, TI§. Sim-
ply by labeling the string of digits, the clock’s time is set. Reading
the clock is also easy. You simply use the label TI$ in your pro-
gram. For example, by asking the computer to PRINT TI$, you
will have the time printed on your TV screen. If your computer is
on, you can do this right now. If the clock doesn’t show the right
time, it’s probably because it wasn’t set. Here’s an experiment that
shows you how to use the clock.

Experiment No. 6-7. Using the VIC 20’s Clock

In this experiment we will show you how to use the VIC 20’s
built-in clock. Clear your computer and enter the following pro-

gram:

100 INPUT “TIME”; TI$

120 PRINT “[{SHIFT] [CLR/HOME]"
130 PRINT TI$

150 PRINT “[CLR/HOME]”

160 GOTO 130

This program lets you type in the time to “set” the clock. After
the clock has been set, the time is displayed on the TV screen. You
can run the program and set the clock to any time you wish. Just
remember that the format of the characters in the string is:

163000

T

HOURS MINUTES SECONDS

The characters must be typed in as a group of six, without any
spaces or other characters used in the string. If you have a watch
handy, you can synchronize the VIC 20’s clock with the time on
your watch. You’'ll find that the VIC 20’s clock keeps good time.

Stop the program and start it again. Type in the following time:

235800

Do you know what time this is? It’s 11:58 P.M., and no seconds.
Watch the display. What happens when the seconds reach 597
What happens when the minutes reach 597 In about two minutes,
the time changes to 000000, or midnight.
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Since the time can be obtained from the computer by using a
string label;-can you suggest how you might change the program to
include an “alarm”? You can set up an alarm by comparing the
clock’s time, TI$, with your own string that represents the alarm’s
time. Here’s how you might do it:

100 INPUT “TIME”; TI$

110 INPUT “ALARM”; AL$

120 PRINT “[SHIFT] [CLR/HOME]”

130 PRINT TI$

140 IF AL$ = TI$ THEN PRINT “GET UP!l!”
150 PRINT * [CLR/HOME] ”

160 GOTO 130

You can test this program by typing in a time that will start the
clock and an alarm time that is only a minute or two later. For
example:

RUN
? 040000
? 040200

What happens when the clock reaches the alarm time? The alarm
message, GET UP!!!, is printed on the TV screen. This is not a
very effective alarm unless you happen to be using the computer.
In a later chapter, you'll learn how the VIC 20 can make sounds
and generate a useful alarm signal.

At first, the clock may seem interesting but not very practical.
However, many computer programs use a clock. For example,
programs might “stamp” a time on a file so that you can tell when
it was last used. Some games use a clock so that if you don’t make
a move or give an answer in a specific time, the computer just goes
on. Some people use “appointment book” programs that keep ap-
pointments in a computer file. The clock can be used to tell them
that they are scheduled for an important meeting in 30 minutes.

A clock is a useful device to have in a computer system, and
there are many uses for it.

STRINGS AND VALUES, VALUES AND STRINGS

It is important to remember that strings are not values and
values are not strings. You can quickly tell one from the other by
the type of labels used; if the label ends with a dollar sign, it’s for a
string, otherwise, the information is a value.
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Sometimes it is useful to change strings into values and values
into strings. Of course, this only makes sense for “numbers.” It
doesn’t make sense to try and get a numeric value for the strings
“BETH SCOTT” or “SARA JANE.

Let’s look at a use for these operations. The VIC 20 uses the
string variable, TI$, to set and read the clock. Since you can’t add
strings together, how could you set an alarm for an hour from
now? In the experiment you just finished, you typed in a string of
numbers to set the alarm. If you didn’t want to have to figure out
the new alarm time and type in a new setting, you’d have to do
something such as this:

Get the present time string, TIS$.
Convert it to a value.

Add one hour to it.

Convert it back to a string.

Save it as the alarm string, ALS$.

AN

The actual program to advance the alarm can be quite complex,
and it won’t be discussed any further. However, the operations
that perform these conversions are the STR§ for the value-to-
string operation, and the VAL for string-to-value operation. Re-
member, these operations are only used when you have strings of
numbers and values that are to be converted.

Here is an example of how the STR$ operation might be used to
get the first digit of a mailing code:

500 INPUT “MAIL CODE"; MC
510 M$ = STR$(MC)

520 X$ = MID$(M$,2,1)
530 PRINT X$

The first step is to INPUT the mail code, no matter how many
digits it has. The STR$(MC) operation converts the value into a
string of characters, and the MID$ operation is used to get the
left-hand digit.

There is a special reason why the MID$ operation has been used
instead of the LEFT$ operation to get the left-most character in
the mail code. When the STR$ operation is used, it automatically
inserts the sign of the number at the start of the resulting string.
A minus sign is included in the string for a negative number. The
computer doesn’t insert a plus sign for positive numbers, it leaves
a blank space, instead. If a number doesn’t have a minus sign, it’s
assumed to be positive.
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So, if you typed in the value —11743, the string M$ would be
“—11743” with the minus sign at the left end of the string. If you
typed in the value 01609, the string M$ would be just “ 01609”
with a space at the left end of the string. To get the first digit
without the sign, or the space for it, the MID$ operation is used.
That’s why the MID$ operation in the sample program specifies: go
in two characters from the left and get one character.

The VAL operation performs the reverse type of operation, so
if you wanted to do a math operation with a string of numbers, you
could do this:

100 X = VAL(FMS$)

These operations are not found in too many programs. For more
information about the STR$ and VAL operations, check the VIC 20
Programmer’s Reference Guide.

QUESTIONS

1. How can you tell if a label is used to identify a string?

2. Can a string of characters be input to the VIC 20 with a stand-
ard INPUT command? If so, how?

3. How are strings combined?

4. Can strings be combined in any order?

5. What characters are “ignored” by an INPUT command? How
can they be input for use in a string?
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10.

11.

12,

13.

. What types of decisions are made for strings?

What operation tells you the length of a string? Are all char-
acters counted?

How can you get the left three characters and the right six
characters of the string, CAT$?

. How can you get the middle five characters of the string, G$ =

“QUESTIONS”?

If a key is not pressed when a GET command is done by the
VIC 20, what is the result?

What kind of clock is built into the VIC 20?

What is a “real-time clock”?

Can values and strings be interchanged? Could this be a useful
operation?
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1.

2.

184

PROBLEMS

Write a program so you can enter a string and have the com-
puter display the number of characters in the string.

Write a program that lets you enter a string. The computer
then separates the string into two equal pieces and displays
the two pieces of the string, each on a separate line. If the
string contains an odd number of characters, then one piece
will be one character shorter than the other.

. Write a program that uses arrays, where you enter the names

of five people along with their ages. Once this is done, enter a
name and the person’s age should be displayed. If you enter an
age, the person’s name should be displayed. A typical display
would be:

NAME OR AGE ? WENDY
AGE 1S: 19

NAME OR AGE ? 23
NAME IS: HENRY

NAME OR AGE ? DAN
NO SUCH PERSON!

. Write a program so that once a string has been entered into

the computer, the characters in the string are displayed on the
TV screen, one character per line. For example:

STRING? COMPUTER
CHARACTERS ARE:

IMA4CUTZO0O0

Write a game program that lets you enter a word (a string).
The computer then “scrambles” the string and displays the re-
sult. To scramble the string, just randomly change the position
of the characters in the word. The program should operate on
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strings of any length. You then have to enter a guess as to
what you thought the string (word) originally was. If your
guess is wrong, the computer lets you enter another guess. If
you guess correctly, you can enter another word to be scrambled.

. Write a subroutine that causes a string to be displayed in the

center of a line on the TV screen. You can assume that the
string to be centered is called A$, and that it is less than 20
characters long.

. Write a program so that once a string has been entered from

the keyboard, the first character of the string is displayed on
one line, the first two characters are displayed on the next
line, the first three on the next, until finally the entire string is
displayed on the last line. As an example:

STRING TO USE ? ORANGE

o)

OR

ORA
ORAN
ORANG
ORANGE

. Write a program that lets you enter two strings, and then the

computer displays them in alphabetical order. Assume that the
strings only contain letters; no numbers or special symbols.

. If you have solved Problem 8, write a program that lets you

enter five strings into an array. The computer then displays
the strings in alphabetical order, one string per line.

NOTE: In this problem, the strings do not have to be
“sorted,” that is, they do not have to be moved about inside
the array. Instead, the program simply finds the first string
and displays it, and then the next string, ete. The strings are
not moved around in the array. If you want, you can eliminate
the strings from the array (set them to null *’ strings) once
they have been displayed.

In Problem 11, Chapter 4, you had to write a program that
converted a day between 1 and 365 to the month and day of the
month. Now, solve the same programming problem using the
additional statements and commands that you have learned
about in the last two chapters. (HINT: Use DATA statements
in your program).
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Write a program that lets you enter a number, such as
1208976. This number is converted to a string and then the
computer displays the string, with commas in it, such as
1,208,976. Don’t worry about detecting a number that has
been entered using scientific notation, that is, numbers such as
6.5E+30 or 4.203E—5.

Write a program that causes the VIC 20 to simulate a ticker-
tape or electronic billboard. After entering a string (containing
20 or more characters), the first 21 characters of the string are
displayed on the top line of the display. After a short period of
time, for example % second, 21 characters are displayed again
on the top line of the display, starting at the second character.
This continues until the last character is displayed, followed by
20 spaces. Then the message is displayed again, starting at the
beginning.

If you have solved Problem 12, modify the program so that
instead of displaying the last character in the message and 20
spaces, the message “wraps around.” This means that as you
get toward the end of the message, the beginning of the mes-
sage starts to appear on the right-hand side of the screen.

Using the clock built into the VIC 20 (TI$), write a program
that lets you enter four or five times, such as 2 minutes, 30
seconds (enter as 230), 4 minutes (enter as 400), and 10 min-
utes (enter as 1000). After these times have been entered, the
computer starts to keep track of the time. After 2 minutes and
30 seconds have elapsed, the computer displays the message,
“TIME 1 HAS ELAPSED.” After the second time period has
elapsed, the computer displays the message, “TIME 2 HAS
ELAPSED.” This process should continue until all of the times
that were entered on the keyboard have been “timed.” This
type of program would be useful in photography, where a
number of the film development steps have to be timed, one
right after the other.

Write a program that asks you the time, and then asks how
many hours and minutes to wait before displaying the mes-
sage, “ALARM,” on the TV screen. Thus, if you tell the com-
puter that it is 103015, and that you want the alarm to go off in
2 hours (020000), the computer will display the ALARM mes-
sage at 123015.
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Special Math Functions

There are some special math functions that you will come across
less frequently than addition, subtraction, multiplication, and divi-
sion. Since these new functions are not seen often in computer
programs, we have put them in their own chapter. We will also tell
you about the types of “codes” that computers use to transfer in-
formation. There are no experiments in this chapter, so you won't
need to use the computer as you read it.

Most computer programming books that discuss BASIC-
language programs simply list the special math functions without
telling you much about them. They leave it to you to decide
whether or not you need to use them, providing a few simple
examples of how these instructions work and what they do. There
is a great deal of interesting history behind these math operations,
and we thought you would be more interested in this than in learn-
ing 20 ways of using the cosine function.

THE SQUARE ROOT

Most people who have attended high school have heard of a
“square root” even if they haven’t actually used this interesting
function. Let’s go back to the sixth and fifth centuries, B.C. and
look at the work of Pythagoras and his colleagues, the Pythago-
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reans, who lived in what is now southern Italy. The Pythagoreans
were interested in the abstract side of mathematics and did not use
their mathematical skills in any commercial ventures. One of their
beliefs was that there was a common measure between any two
lengths. Thus, no matter what their lengths, there was a common
measure between two pieces of rope, as shown in Fig. 7-1. In this
example, one piece of rope has two “units” while the other has
three “units.” Of course, other lengths would probably require dif-
ferent common “units.”

Ancient Egyptian land surveyors used a rope triangle with sides
of 3, 4, and 5 units during their surveying. Such a triangle always
contained a “right angle,” or an angle of 90°, which made it an ideal
tool for laying out square or rectangular plots of land. No matter
what size triangle was chosen, if the ratio of the sides was 8 to 4 to
5, a right angle was always formed. You can measure a piece of
string and prove this for yourself.

= = = e e e e e a ad ROPE #1
| | | I
| I ganey e = 7 ROPE #2

| COMMON UNIT | |

OF MEASURE

Fig. 7-1. There is a common unit of measure between the two pieces of
rope.

Using this type of special triangle as an example, the Pythago-
reans discovered an interesting thing about right triangles—those
in which one angle is 90°. If a square was constructed for each side
_of the triangle, as shown in Fig. 7-2, the area of the large square
(25) on the long side was found to be equal to the sum of the areas
of the two smaller squares (9 + 16). It is thought that the
Pythagoreans also knew this was the case for a right triangle in
which the two short sides were of equal length, as shown in Fig.
7-3. This “sum-of-the-squares” relationship ecan be proven for other
right triangles, too, but in their time the Pythagoreans probably
weren’t able to do so. Today, this relationship between the
“squares” on the sides of a right triangle is called the Pythagorean
Theorem.

The Pythagoreans looked at the type of triangle shown in Fig.
7-3 and found that there was no common measure between the two
short equal sides and the longer side. No matter how small a
“measure” was used to divide the sides, they could not find one
that was common to the short sides and the long side. Since the
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25 UNITS IN SQUARE
(16 UNITS + 9 UNITS)

16 UNITS IN SQUARE

9 UNITS IN SQUARE

Fig. 7-2. A 3-4-5 right triangle shows the sum-of-the-squares rule.

2 UNITS IN SQUARE
(1 UNIT +1 UNIT)

1 UNIT IN SQUARE

1 UNIT IN SQUARE

Fig. 7-3. Another right triangle that shows the sum-of-the-squares rule, but
without a common measure between the short and long sides.

common-measure principle was central to their mathematical
thinking, this posed a perplexing problem.

Obviously, the area of the large square is 2 square units, so the
length of the long side must be a number that when multiplied by
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itself yields 2. We know that this number is approximately 1.41,
but the Pythagoreans did not have decimal numbers and could not
find a number that would exactly represent this length. Since there
was no common “measure” or ratio between the lengths of the
short and long sides, the length of the long side was said to be “not
a rational” number, or irrational.

As mathematics evolved, the side of a square was called the
“root” of the square, or the number from which the square “grew.”
Now we simply say “square root,” and calculators and computers
can easily find the square root of a number. In the case of the value
2, the square root is close to 1.414. We say close, because the
square root cannot be calculated to a final value. A pocket cal-
culator gives the value as 1.4142136 . . ., and more decimal places
may be calculated.

The VIC 20 calculates square roots very easily using the SQR
operation, and here is what it looks like:

ROOT = SQR(number) or DX = SQR(2.00)

The SQR function expects the number you want the root of to be
greater-than or equal-to zero.

Here is how you can use the square root operation to find the
long side of a right triangle if you are given the lengths of the two
short sides:

500 REM COURTESY OF PYTHAGORAS
520 PRINT “ENTER TWO SHORT SIDES”
540 INPUT S1 : INPUT S2

560 LG = SQR(S1* S1 + 82 * 82)

580 PRINT “LONG SIDE IS

600 PRINT LG

There are many uses for the square root function in engineering,
science, mathematics, statistics, surveying, astronomy, and other
fields that evaluate numeric information. It is one of the more use-
ful functions that we’ll describe in this chapter.

THE VALUE OF PI

One of the problems facing ancient mathematicians was the
exact measurement of the circumference, or the “length” around
the outside of a circle. While the radius (r) and diameter (d) for the
circle shown in Fig. 7-4 can be easily measured, there is no accu-
rate way to measure the length of the circumference (¢). You can
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CIRCUMFERENCE
[+

DIAMETER

Fig. 7-4. The radius and diameter of a circle are easy to measure; the
circumference isn’t.

use a compass to mark out a circle and you can try to measure the
circumference with a ruler. You'll find that it’s difficult to measure
a curved line with a straight-edged ruler, and the early
mathematicians had the same problem. In their attempts to mea-
sure the circumference, they found that it was approximately three
times the length of the diameter. Ancient Hebrew and Babylonian
mathematicians fixed the ratio of the diameter to the circumfer-
ence at exactly 1 to 3, or just 3.

The ancient Egyptians knew better, however, using the ratio of
1 to 3.1605 as early as 2200 B.C. Of course, they didn’t have dec-
imal numbers, so the ratio was written in a different form. The
main point is that the Egyptians were able to come up with a more
accurate ratio, realizing that the circumference was not simply
three times the length of the diameter of a circle.

The Greek mathematician, Archimedes, who lived between 287
and 212 B.C., improved upon this ratio by using a process of ap-
proximations that is shown in Fig. 7-5. Using this method, a circle
has a square placed inside it so that each corner touches the circle.
Another square is placed outside the circle so that each side
touches the circle. It is easy to measure the perimeter of both
squares, and the circumference lies somewhere between these two
values. Archimedes increased the number of sides on each square,
making them into octagons, and he added more and more sides as
he went on. In each case, the inside polygon had all its sides equal,
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Fig. 7-5. Using approximations to measure the circumference of a circle.

and each corner touched the circle. The outside polygon had its
sides of equal length, too, and each side touched the circle. As the
number of sides of each of the polygons was increased, their
perimeters more closely matched the circumference of the circle.
When Archimedes had gotten the polygons so they had as many
sides as possible, he was able to put the diameter-to-circumference
ratio between 71 to 223 and 70 to 220. More simply, the circumfer-
ence was between 3.14085 and 3.14286 times the length of the di-
ameter.

A Hindu mathematician, Aryabhata, who lived in the sixth cen-
tury A.D., was able to further refine the value to 3.1416, which is
extremely close to the present value of 3.14159. This is a constant,
and it is used by engineers, scientists, mathematicians, students,
and almost anyone who has taken even an introductory course in
geometry. The constant is called pi, for the Greek letter 7, which
is used to stand for the value 3.14159. You can simply think of it as
a special label for this value.

Most people can tell you the simple relationships:

circumference = w * diameter of the circle
And, since the diameter is twice the length of the radius:
circumference = 7 * 2 * radius of the circle

The value of pi has been preset in your VIC 20 computer, and
you will see the Greek pi symbol, , on the up-arrow key on the
right side of the keyboard. This is a special label used just for this
value in the VIC 20 computer. You can type:
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PRINT 7

and you will see the value 3.14159265 displayed on the TV screen.
You can use this value in a program by using the label, =, in your
math formulas. Here is a sample program that calculates the cir-
cumference of a circle when you type in its radius:

250 INPUT “RADIUS ="; RD
260 PRINT “CIRCUMFERENCE IS =" 2 * 7w * RD
270 GOTO 250

Now, with an accurate value for the ratio between a circle’s di-
ameter and circumference, it was possible for mathematicians to
look more closely at circles and some of their other measurements.
We now move on to trigonometry.

TRIGONOMETRY

Although this subject often seems to strike fear into the hearts
of students, trigonometry is nothing more than “tri-angle meas-
urement,” or the measurement of triangles. Aristarchus, another
Greek mathematician, first used what we would consider to be
“tri-angle” measurements when he attempted to measure the dis-
tance between the earth and the sun, as shown in the distorted
diagram in Fig. 7-6. His methods used complex geometric reason-
ing, but his result was incorrect due to the inaccuracy of his meas-
urements. However, his line of reasoning, using triangles and the
lengths of their sides, was correct and it pointed the way to more
accurate measurements and further investigations of triangles.

The next mathematician we encounter is Hipparchus, who is
thought of as the “inventor of trigonometry.” Modern
trigonometry arises from his measurement of chords in circles. As
shown in Fig. 7-7, a chord is nothing more than a straight line that
cuts a cirele into two pieces. The resulting curved line is called an
are, and Hipparchus realized that there was a definite relationship
between the length of the chord and the length of the arc. He
wrote several “volumes” about measuring the “arc in a circle.”

If lines are drawn between each of the two points where the
chord line cuts through the circle and the center of the circle (Fig.
7-8), you'll see that an angle is formed. Each circle was considered
to have 360°, so these angles could be measured in degrees. How-
ever, chords were measured by their length, and this was based
not on a standard of inches or centimeters, but on the length of the
radius of the circle. This type of measurement could lead to prob-
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Fig. 7-6. Using angles to measure the distance from the earth to the sun.

lems, since the measurement of a chord depended on the units used
to measure the radius of the circle.

This brings us back to the Hindu mathematician, Aryabhata. His
contribution to trigonometry was to divide each chord in half, as
shown in Fig. 7-9, and he also introduced a right angle, or 90°
angle into the measurement. As trigonometry developed, it was
realized that the ratio between the length of the radius and the
length of the half-chord was more useful than the lengths by them-
selves. For example, consider the two triangles (or half-chords)
shown in Fig. 7-10. The circles have been left out for clarity. The
angles are exactly the same, but the lengths of the “radius” and
the “half-chord” are different. However, when the lengths are
measured and the ratios are calculated, they turn out to be exactly
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ARC

CHORD

Fig. 7-8. An angle is formed between the center of a circle and the points
where the chord crosses it.

the same. With an inexpensive ruler, we found that each “half-
chord” was just about 0.46 times the length of the “radius.” This is
an important relationship, since no matter what size the triangle
is, if the angles are the same, the ratios are the same.

The word to describe this relationship was translated and mis-
translated several times, so we finally have the Latin word, sinus,
which means “curve” or “bosom.” This has been abbreviated to
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Fig. 7-9. The angle in a circle-chord can be simplified by looking at only half
of it.

CHORD B

CHORDA _. CHORDB

RADIUS A ~ RADIUS B
40 _ 54 _
86 = 0.465 15~ 0.469

0.465 = 0.469

Fig. 7-10. Two triangles that have the same angles have equal ratios
between the sides.
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sine (which is pronounced “sign”), and is usually found in mathe-
matics books as simply sin. The words “radius” and “half-chord”
are no longer used in this relationship. Instead, we refer to the
long, angular line as the hypotenuse, and the other lines are said to
be adjacent-to, or opposite-from, the angle we're interested in. The
sine of angle A is just the ratio of the length of the opposite side to
the hypotenuse. Of course, this is only true for a right-triangle.

Without going into the history behind them, we’ll simply tell you
that there are two other ratios of interest. One is called the cosine,
or cos, and the other is called the tangent, or tan, of the angle.
These are also ratios of the lengths of the sides of the triangle. The
three relationships are illustrated in Fig. 7-11.

_ OPPOSITE SIDE
SINE SINA= YPOTENUSE

ADJACENT SIDE

HYPOTENUSE OPPOSITE

COSINE COS A=

OPPOSITE SIDE
TANGENT TAN A= 25jACENT SIDE

ADJACENT

Fig. 7-11. The sine, cosine, and tangent ratios between the sides of a right
triangle.

VIC 20 TRIGONOMETRY

Your VIC 20 computer can give you the sin, cos, and tan for any
angle you give it, so it is possible to use these ratios in many inter-
esting ways. They are particularly useful in science, engineering,
and mathematics. We'll look at an example in just a moment. The
formats for these BASIC-language operations are fairly simple:

A = SIN(@QX) D = COS(FK) R = TAN(YW)

However, there is one problem; the VIC 20 does not accept an-
gles measured in degrees. A circle contains 360°, and this is con-
venient for many measurements. However, the VIC 20
trigonometric, or trig functions require that the angle be measured
in a unit called the radian. A radian is nothing more complicated
than a “radius.” Since the circumference of a circle is equal to:

circumference = 2 * 7 * radius

there are 2 = radiuses, or radians, around the circle as shown in
Fig. 7-12. No matter what the actual radius is, this will always be
true. Since there are also 360° in a circle, it is not difficult to con-
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\ 1 RADIUS
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1 RADIUS

RADIUS
0.28 RADIUS

1 RADIUS

1 RADIUS
1 RADIUS \
CIRCLE = 2r RADIUSES =6.28 RADIUSES =6.28 RADIANS

Fig. 7-12. The relationship between the radius of a circle and the number of
“radians” around its circumference.

vert from radians to degrees, or vice versa. It may take you a
while to get used to the term radian. Just remember that there
are about 57° per radian. You can convert from degrees to radians
with this formula:

_ (angle in degrees) * 2 * #
360

or from radians to degrees with this formula:

(radians) * 360
degrees = ————
2% 7

radians

In BASIC, these are:
RAD = DEG * 2 * v / 360
and:

DEG = RAD * 360/ (2 * m)

USING TRIG FUNCTIONS

Here are two examples that show you how trigonometry can be
used. Not all of the mathematics or algebra is shown, since that is
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really secondary. We want you to have an appreciation for the
types of problems that can be solved with the trig functions. The
BASIC programs are provided for you.

In the first example, several young people are testing model
rockets and they want to know how high the rockets are going.
The rockets are fired straight up and there is no wind to blow them
off course. Two people use a home-built device at an observing
point to measure the angle between the rocket and the level
ground. This is shown in Fig. 7-13. Once the rocket has been fired,
the students track it until it reaches its maximum height. At this
point, they note the angle between the earth and the rocket. Since
the distance from the launch site and the students doing the meas-
urements is 650 meters, can we calculate the altitude of the rock-
ets?

The diagram of the launch site can be simplified to a right
triangle. The angle, A, has been measured and the side of the
triangle marked “distance” is 650 meters. The tangent function can
help us out, since:

tan (angle A) = opposite side _ rocket eight

adjacent side distance from launcher

And, by rearranging the equation, you get:

rocket height = distance from launcher * tan (angle A)

-‘/ /@CKET
.’/ ]
—
_,/
—

OBSERVERS / MEASURED ANGLE=A
it | GINSOD

| 650 m | LAUNCH
r "DISTANCE" 7 POINT

Fig. 7-13. Measuring the angle between the ground and the rocket to get its
height.
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The angle must be converted into radians, too. Here is a com-
puter program that will solve the problem:

200 PRINT “ROCKET ALTITUDE”

220 PRINT *“ CALCULATOR”

240 INPUT “DIST TO LAUNCHER"; DTL
260 INPUT “MAXIMUM ANGLE”; MA
280 RAD = MA * 2 * 7/ 360

300 ALT = DTL * TAN(RAD)

320 PRINT “ALTITUDE” ALT

In the second example, we'll extend this application a bit by
supposing that a light wind is changing the rocket’s flight path so
that it doesn’t always go straight up. Is it possible to measure its
maximum altitude? Since the rocket is no longer going straight up,
it cannot be done with only one observation. Two observers are
needed, as shown in Fig. 7-14. The only measurements needed are:

1. The base-line distance between observers (BL).

2. The angle between the ground and the rocket for each ob-
server (GA and GB).

3. The angle between the base line and each observation (HA
and HB).

Since it is important that the observers record their angles at
exactly the same time, a set of walkie-talkie radios is used to
coordinate the measurements.

There are two ways to solve this problem; (1) make a scale draw-
ing using the angles and the base-line distance and “measure” the
rocket’s altitude, and (2) calculate the altitude using trigonometry.
We’'ll take the latter course. Here’s the BASIC program that will
solve the problem:

100 PRINT “ROCKET ALTITUDE”
120 PRINT “CALCULATIONS FOR”
140 PRINT “TWO OBSERVERS”
160 PRINT “BASE LINE LENGTH?”
180 INPUT BL

200 PRINT “OBSERVER A”

220 INPUT “GROUND ANGLE”; GA
240 INPUT “HEIGHT ANGLE”; HA
260 PRINT “OBSERVER B”

280 INPUT “GROUND ANGLE”; GB
300 INPUT “HEIGHT ANGLE”; HB
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Fig. 7-14. Using two observers to measure the height of a curved flight for a

rocket.
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320 REM CONVERT TO RADIANS
340 C=2*x/360

360 GA=GA*C:HA=HA*C
380 GB=GB*C:HB =HB*C
400 BX = BL/((TAN(GB)/TAN(GA)) + 1)
420 AX = BL - BX

460 PA = AX/COS(GA)

480 PB = BX/COS(GB)

500 REM ALTITUDE CALCULATIONS
520 A1 = PA * TAN(HA)

540 A2 = PB * TAN(HB)

560 AVG = (A1 + A2)/ 2

580 PRINT “OBSERVER A ALT"

600 PRINT A1

620 PRINT “OBSERVER B ALT”

640 PRINT A2

660 PRINT “AVERAGE ALTITUDE"
680 PRINT AVG

If you decide to run this program, here are some values you can
use:

Base line between observers: 3000 meters
Observer A ground angle: 45°
Observer A height angle: 37
Observer B ground angle: 26.5°
Observer B height angle: 26°

You'll find that the altitudes calculated for observers A and B
are 1066 and 1090, respectively. The average is 1078. Remember,
these values are based on experimental measurements, and there
are always errors in them.

The important point of these examples is to give you an appreci-
ation for the use of trigonometry and for the tremendous work
done by early mathematicians as they developed these relation-
ships and came up with ratios used in the sine, cosine, and tangent
operations.

There is one last trigonometry operation in the VIC 20, and it is
called the arc-tangent, or arctangent. If you have the tangent of an
angle, the arctangent operation will give you the angle, in radians.
The form for this operation is:

ANGLE = ATN(tangent of the angle)
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There are many other trig operations that can be done, based on
the SIN, COS, TAN, and ATN functions of the VIC 20, and they
are listed in the VIC 20 Programmer’s Reference Guide.

LOGARITHMS

Early mathematicians spent years computing and compiling the
values of the sine, cosine, and tangent for angles. Since these
values were still thought of as “lengths of a chord,” very small
units were used to measure the radius of the circle so that frac-
tional lengths were avoided as often as possible. The calculations of
these “lengths” required tedious multiplications and divisions in
the interest of greater accuracy, and they were not always error-
free.

A Dbetter method was needed for manipulating large numbers,
and the Scottish mathematician, John Napier, contributed two so-
lutions. His first was the development of decimal fractions as we
know them, something we probably take for granted. Earlier
mathematicians often multiplied small numbers by a million so they
wouldn’t have to work with fractions. At least one table of square
roots was published in which this was done. The square root of
3000000 is 1732, which doesn’t require any fractions, while the
square root of 3 is 1.732. The value 1.732 would have been 1 and
183/250ths to the mathematicians in the sixteenth century. Al-
though the roots in the table were 1000 times too great, this was
easy to remember and fractions were dispensed with.

It did not occur to many mathematicians to extend their digits to
the right as we do today, using a decimal point and decimal frac-
tions. Napier developed the idea of using a “period” or decimal
point and extending the fractions as their decimal equivalents in
tenths, hundredths, thousandths, and so on. This meant that frac-
tions could be easily represented and worked with using a single
line of decimal numbers.

Napier’s second development was the logarithm, which he de-
scribed in a book published in 1614. It had taken him 20 years to
develop and refine this idea and to provide useful tables of
logarithms that others could use to simplify calculations. This had
a profound influence on the mathematics of Napier’s time, and
logarithms are widely used today.

Without going into more of the history of logarithms, or “logs”
as they are commonly called, we'll just say that Napier developed a
special way of treating numbers. Basically, all numbers can be rep-
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resented as a common, or base value with an appropriate expo-
nent. Exponents or superscripts are mathematical shorthand notes
that are placed above and to the right of numbers or labels to indi-
cate how many times they are multiplied by themselves. Since
modern logarithms use a base of 10, here is an example:

10 * 10 * 10 = 10® = 1000

Thus, the base-10 logarithm of 1000 is 3. There are tables of
logarithms that provide the exponent, or “log,” for any value, and
most scientific caleulators and small computers can give you the log
of a number.

Let’s see how logs can be used. In the following example, a
value, X, is multiplied by itself five times:

X*X*X*X*X = answer

Exponent’s can be used to simplify the way the problem is writ-
ten:

X*X*X*X*X or X2 * X3 or X5

There is something very interesting about the way the problem
has been rewritten. Instead of doing the actual multiplications, the
exponents have been added. Napier used this approach in his sys-
tem of logarithms. By using logarithms, multiplication of numbers
became the addition of their exponents, and division of numbers
became the subtraction of their exponents. Other complex func-
tions can be simplified by using logarithms, too.

Using logarithms, you can easily multiply 3.98712 by 2.12678
without doing any multiplication at all. You can find the log for
each of these values in a table of logarithms and, since each log
represents an exponent, simply add them. The result would be an
exponent which is the log of the answer. Here is what the problem
looks like:

3.98712  1og(3.98712)
X 2.12678 log(2.12678)
m

log(3.98712) + 10g(2.12678) = log(answer) = 0.928381

Now, you would look in the table in the logs column until you
found 0.928381. On the same line would be the value 8.47971,
which is the result of the original multiplication. Although this has
been simplified a bit, it still shows you how powerful logs were in
easing the job of complex calculations.

0.6006584
0.3277226
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Napier’s original table of logarithms is no longer used. It was
quickly improved upon by other mathematicians, and the base-10,
or common, logarithms are the ones in general use today. How-
ever, 10 is not the only base possible for logarithms.

There is another type of logarithm called the Napierian or natu-
ral system of logarithms, and it is based on the value 2.7182818.
The “natural” base is simply called “e” by people who use this form
of logarithm. Although called Napierian logarithms, these are not
the original logarithms Napier developed.

As long as you are just using the logarithms to simplify multipli-
cation, division, and other complex math operations, the base is
unimportant. However, in some calculations it is important to dis-
tinguish between the two systems of logs. In the common log sys-
tem, logs are noted as log(x), while in the natural log system, they
are noted as In(x).

VIC 20 LOGS

The VIC 20 uses natural logs, so it is unfortunate that the LOG
notation has been chosen for the logarithm command in BASIC. To
have the computer give you the natural log of a value, you use the
command:

QX = LOG(value) (The value must be greater than zero.)

You are asking the computer, “What exponent do you use with
‘e’ to get ‘value’?”

Once you have obtained the logarithm of a number from the
computer, how can you get back to the original number? The VIC
20 uses the EXP operation to do this. Here is an example:

DZ = EXP(value)

You are asking the computer, “What is the result of raising ‘¢’ to
the ‘value’ power?” In this case, the value must be less than 88.
The 88th power of ¢ is a very big number!

If there is a need to, you can convert between the natural and
common logs. Here are these important relationships:

In(x) = 2.3026 * log(x) or 0.4343 * In(x) = log(x)
and

e* =10 (0.4343 * x) ore (23026 * x) = 10%
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Logs are often used when people are comparing power levels,
and the following relationship is used:

power ratio = 20 * log (power out / power in)

For example, if a hi-fi amplifier can produce 150 watts of power from
a tape recorder that gives it only 0.1 watt, the relationship is:

power ratio = 20 * log (150 / 0.1)
= 20 * log (1500)
63.52

The power ratio is called the “decibel,” or dB, named after Alex-
ander Graham Bell, the inventor of the telephone. Bell worked
with deaf people, and the telephone was an attempt to develop a
device to increase their ability to hear. Decibel simply means
tenth-of-a-bel, since the larger unit of bel is not frequently used. If
you buy a hi-fi amplifier and the salesman tells you that the am-
plifier can deliver a 50-decibel power gain, youw’ll have a good idea
of what he is talking about.

Since the VIC 20 uses natural logs, the power relationship would
be:

power ratio = dB = 20 * 0.4343 = In(power out / power in)
or, in a BASIC computer program:
DB = 20 * 0.4343 * LOG(PO / Pl

There are many other uses for logarithms in science, mathemat-
ies, and engineering.

SPECIAL CODES

Hundreds of years ago, if “information” was to be sent quickly
over long distances, flags, fires, or other signaling devices had to
be used. When the electric telegraph was developed by Samuel F.
B. Morse, the “Morse” code of dots and dashes was used. In this
code, dots and dashes were used to represent each letter, number,
or other special symbol to be communicated from one telegraph
station to the next. Morse code is still used today for radio com-
munications.

As communication techniques advanced, the teletypewriter was
developed. This is an electromechanical device that automatically
transmits information from a keyboard to a device that prints ac-
tual letters and numbers on a strip of paper. Instead of using dots
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and dashes, a special code was developed by Emile Baudot, and
the “Baudot” code was used to transfer information from one tele-
typewriter to another over telegraph wires.

As more and more computers came into existence in the 1950s
and 1960s, it was obvious that a more efficient and “universal” code
had to be adopted so that information could be transferred from
one computer to another. One such code is called the American
Standard Code for Information Interchange. This is abbreviated
ASCII, and most people who are familiar with it call it the “as-
key” code.

All of the letters, numbers, punctuation marks, and special sym-
bols such as $, have a unique ASCII “code.” By using this code,
computer designers and programmers can be sure that the code for
the letter “A” will be the same from one computer to another.
Without this standard, it would be difficult to transfer information
from one computer to another.

Your VIC 20 computer can use the ASCII representation for
information. There are two special operations that may be used in
BASIC programs to convert from string characters to their equiva-
lent code and back again. Although these operations are not fre-
quently used, you may find them in a program or two, particularly
if communications between several computers are involved.

These operations are the ASC and CHR$ operations. THE ASC
operation lets you “convert” a string character into its equivalent
coded representation. For example, PRINT ASC(“H”) would print
the value 72 on the TV screen, since 72 is the ASCII equivalent for
the letter “H”. The CHR$ operation “converts” from ASCII to a
string character. For example, the PRINT CHR$(87) would print
the letter “W” on the TV screen, since W is the character with the
ASCII value of 87.

Here is an example of how the ASC operations can be used:

50 INPUT A$
60 PRINT ASC(A$)
70 GOTO 50

When this program is run, the value of the code for each char-
acter will be displayed on the TV screen as its decimal value. For
example, the code for the letter “X” is 88. This type of
character-to-ASCII conversion process is used when the VIC 20 is
used as a terminal to “talk” with another computer over a tele-
phone line.
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The CHR$ command does just the opposite, taking a code and
converting it to its equivalent character. Here is an example:

100 INPUT CODE
120 PRINT CHR$(CODE)
140 GOTO 100

If the value 50 is typed in, the string character “2” is printed on
the TV screen. The values for the CHR$ instruction can be be-
tween 0 and 255. However, in the VIC 20, only the values of 13,
and those between 32 and 95 correspond to the standard ASCII
code. The other codes have special functions within the VIC 20.
Some display the special graphic symbols on the TV screen and do
other things. However, the values for the letters, numbers, punc-
tuation marks, and special symbols are the same.

THE TAN “f” KEYS

The four tan keys marked f1 through f4, and located on the right
side of the keyboard, have been ignored so far. These keys are not
used when you are programming the computer, since they don’t
print a special symbol or have any special meaning to the VIC 20.
However, these keys are useful, and you may see a game or other
program that tells you to press one of them to cause something
special to happen.

Each of the keys has its own special ASCII value, as listed in
Table 7-1. You can get at the even-numbered “f” keys by pressing
[SHIFT] and one of these keys. The keys can be used in a program
by using a sequence of instructions such as this:

200 INPUT FK$

220 F = ASCS$(FK$)
240 IF F = 133 THEN GOTO. . .

260 IF F = 137 THEN PRINT. . .
Table 7-1. ASCII Values for the Tan “f” Keys
Key Value
1 133
f2 137
13 134
f4 138
f5 135
f6 139
7 136
8 140

208



This simple sequence checks for the f1 and f2 key operations,
and takes whatever action the programmer has put in the pro-
gram. The program would probably trap errors, but we haven't
shown that. The ON command could be used, too, by subtracting
132 from the code for the “f” keys. This gives you a 1 for the f1
key, a 2 for the £3 key, and so on. Now the following program lines
could be used:

500 GET F$

520 IF F$ = * " THEN 500

540 F = ASCS$(F$) — 132

560 ON F GOTO 3500, 4590, etc. . .

This can simplify things a bit if sequential “f” keys are being
used. The main purpose of the “f” keys is to give you some extra
keys that can serve special purposes in a complex program.

For additional information about the ASCII characters and their
codes, we suggest that you look at the appendixes in your VIC 20
computer guide, supplied with the computer, or in the VIC 20 Pro-
grammer’s Reference Guide, where this information is listed for
you.
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PROBLEMS

1. You are standing on top of a building that is 650 feet high (Fig.
7-15). You look down at the roof of another building, 230 feet
away, at a 20° angle. How tall is this building?

2. When measuring the acidity of a liquid, the acidity is usually
expressed in units of pH. Water, a neutral liquid, has a pH of 7.
A mildly acidic substance, such as vinegar, might have a pH of 5
or 6. A strong base, such as some bathroom cleaners, might
have a pH of 13 or 14. The pH of a substance is defined as:

pH = —Log(H")
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Fig. 7-15. Determining the height of a building.

Thus, if the hydrogen ion (H*) concentration is 0.0000001 mo-
lar, or 1.0 x 1077, the pH will be 7. Write a general-purpose
program that lets you enter a hydrogen ion concentration, such
as 2.89E—6, and displays the pH (5.55 for 2.89E—6). (Hint:
Remember, the computer LOG function is really the natural log
(In) function, so you will have to convert from LOG to In!)

3. Write a program that displays the sine of the angles, 10, 20, 30,
..., 350° on the TV screen. The program should display both
the angle and the sine of the angle.

4. Modify the program from Problem 38 so that the sine function is
“plotted” on the TV screen. The sine for 0° should be at the top
of the screen, and the sine for 860° should be at the bottom of
the screen. The TV screen should appear as shown in Fig. 7-16.
(Hint: Use the TAB function.)
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Fig. 7-16. Displaying the sine function on the TV screen.

5. Suppose the computer does not have a tangent (TAN) function.
Write a program that compares the tangent of an angle to the
sine divided by the cosine of the angle. Does this give us basic-
ally the same result? Can you quess how your computer deter-
mines the tangent of an angle?
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8

Lights, Action

In this chapter, you will take a closer look at how you can control
the TV screen display. You will see how you can use a computer
program to position the cursor and how you can control the color of
what is displayed on the TV screen. You'll also see how you can
control the screen without using PRINT commands so that special
displays can be put together.

THE SPACE COMMAND

In a previous chapter, you saw how the TAB command could be
used to position columns of information so they were easy to read.
There is another command that can be used to position information
on the TV screen and it is called the space command, SPC. This is
used within a PRINT command and it tells the computer to move
the cursor a specific number of spaces to the right. At first it may
seem as though the SPC and TAB commands do the same thing.

Both the TAB and SPC commands move the cursor to the
right, but they differ in how they do it. A TAB(10) command
moves the cursor 10 spaces to the right from the left edge of the
display area, but an SPC(10) command moves the cursor to the
right 10 spaces from its present position. These operations are
shown in Fig. 8-1. Neither the SPC nor the TAB command will
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Fig. 8-1. How the TAB and SPC commands move the cursor.

erase or “destroy” any of the characters on the screen as they
move the cursor from place to place.

Here is a sample program that uses the SPC command. You can
type it into your computer and run it:

20 FORS =1TO 21

30 PRINT SPC(S)“*”

40 NEXT S

50 FORS = 20 TO 2 STEP —1
60 PRINT SPC(S)"**”

70 NEXT'S

80 GOTO 20

MOVING FROM PLACE TO PLACE

The SPC and TAB operations are used to move the cursor along
a line of information on the TV screen to display it in an orderly
way. Sometimes, it is useful to have complete control of the cursor,
moving it wherever you want. You can move the cursor in four
directions by using the two cursor control keys and the SHIFT
key. These same keyboard operations can be included in a program
so that the computer moves the cursor when it runs the program.
This is easy to do, since the cursor movement operations can be
placed within the “message” part of a PRINT command.
If you are typing a “message” in a PRINT command and you
use the cursor control keys, you'll find that the cursor doesn’t move
at all. Instead, each time you press one of the cursor control keys,
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a special symbol is printed in the “message.” Here is an example in
which the DOWN cursor control key was pressed twice while the
“message” was being typed:

350 PRINT * ¥D4 -

The reversed “Q” displayed after the quote mark is the comput-
er’s notation to do a down-cursor movement when the “message” is
used by the program.

When the cursor keys are pressed as a message is being typed,
the VIC 20 realizes that you don’t want the cursor moved right
now. However, when the computer gets to this “message” in the
program, it recognizes the special symbols and then it moves the
cursor. Each of the four cursor movements prints a special symbol
in a “message,” and these are listed in Table 8-1. For example,
when the computer gets to the following PRINT command, it will
move the cursor dowr: *two lines and to the right two spaces before
printing BIKES:

550 PRINT* ¥R BIKES”

The cursor commands move the cursor from its present position
to a new position. So, to use the cursor commands properly in a
program, you need to know exactly where the cursor is before you
start to move it. Maps in shopping centers and large buildings have
a brightly colored arrow saying “YOU ARE HERE.” Without this
guide, it might be difficult to figure out where you are and where
you want to go. Since the cursor can be easily sent to its home
position in the upper left-hand corner of the TV screen, that’s a
convenient starting point for cursor movements.

Experiment No. 8-1. Moving the Cursor

This experiment will show you how a.program can be used to
position the cursor on the TV screen. Clear your computer and

Table 8-1. Cursor Control Symbols Used in VIC 20 Messages

Key Symbol
DOWN A

upP a
RIGHT ]|
LEFT n

(NOTE: The UP and LEFT operations use the SHIFT key.)
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type in the following program. You must press the cursor keys as
shown in the PRINT messages. Check your program for any mis-
takes. Be sure to enter the semicolon (;) at the end of line 30:

10 PRINT “[SHIFT] [CLR/HOME]”

20 PRINT “[DOWN] [DOWN] [DOWN] [DOWN] [DOWN]”
30 PRINT “[RIGHT] [RIGHT] [RIGHT] [RIGHT] [RIGHT]";
40 PRINT “VIC 20"

When this program is listed, it will appear on the TV screen
with the special symbols as follows:

10 PRINT “ a4

20 PRINT * XOOXDDE
30 PRINT“ MREREB ;
40 PRINT “VIC 20"

After you have checked your program and corrected any errors,
run the program. What do you see? The “message,” VIC 20, is
displayed in the center of the screen. The READY message is also
displayed when the computer finishes the program.

Here’s something a bit more complicated. Let’s try a counting
program that displays increasing numbers but only at one place on
the screen. DO NOT CLEAR THE COMPUTER, since the pro-
gram you just typed in will still be used. Here’s the new program
for you to enter: (Remember to press the [SHIFT] and [UP/
DOWN] keys for the [UP] operation.)

100 PRINT “[SHIFT] [CLR/HOME]”;
110 PRINT “[DOWN] [DOWN] [DOWN] [DOWN] [DOWN] [DOWN]"’;
120 PRINT “[RIGHT] [RIGHT] [RIGHT] [RIGHT] [RIGHT] [RIGHT]";
130 PRINT X

140 X=X+ 1

150 PRINT “[UP]";

160 GOTO 120

What happens when you list this program on the TV screen?
You’ll see the program lines from the first part of the experiment,
followed by the program lines you just entered. Both programs are
present in the computer. The program lines 100 to 160 should look
like this:

100 PRINT “ Wa ”;

110 PRINT © DD ',
120 PRINT ¢ MRRREBERI ~;
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130 PRINT X

140 X=X+ 1

150 PRINT “ O ™;
160 GOTO 120

If you are confused by seeing all of the program lines on the TV
screen at the same time, you can tell the computer to list only the
lines that you want to look at. In this case, type LIST 100-200
[RETURN] and the computer will list only the program lines with
numbers between 100 and 200.

Are you ready to run the program? Type RUN and put your
finger above the RETURN key, but don’t press it yet. Carefully
watch the center of the TV screen as you press the RETURN key.
Did you see the “VIC 20” message flash on quickly near the center
of the TV screen when you started the program? What else hap-
pens on the TV screen?

The “VIC 20” message was displayed quickly, just above the
number. You can stop the program and start it again if you missed
seeing the “VIC 20” message displayed on the TV screen. You
should be able to see “VIC 20” flash quickly on the TV screen.

Each higher number in the count “writes over” the one displayed
before it, so the display counts quickly, much like a digital clock
when it is being set to a new time.

The illustration in Fig. 8-2 shows how the cursor is moved by
this program. The cursor is first moved down and to the right to
place it near the center of the TV screen. After a number has been
printed, the computer moves the cursor to the left side of the line
below. This is the normal line-feed operation that automatically
takes place after each PRINT operation unless a semicolon is used
to prevent it. The cursor operation in the PRINT command at line
150 moves the cursor back up to the line above so that the next
number will be printed “over” the previous one.

This is one way in which values are displayed in the same place
in games, educational programs, and business programs. Do you
know why the “VIC 20” message was displayed quickly on the TV
screen when you started the program with the RUN command?
The first program doesn’t have an END command to tell the com-
puter that it has reached the end of that program. So, after the
computer displays the “VIC 20” message, it keeps going right into
the second program. An END command is used to stop the com-
puter at the end of each program so that this sort of thing doesn’t
happen.
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Fig. 8-2. The cursor movements for the number display program in
Experiment 8-1.

In this experiment you have seen how the cursor control keys
can be used in the “message” part of a PRINT command to control
the movement of the cursor from one position to the next.

THE MAGIC COLOR SCREEN

You can also use a BASIC program to change the color of the
characters displayed on the TV screen. This is done using special
keyboard operations in a “message” in the same way that the cur-
sor was moved. There are many times when it is useful to change
to a different color to call attention to a word, number, or sentence
on the TV screen.

The color of the cursor can be changed by using the CTRL key
and the eight color keys that share their function with the keys
numbered 1 through 8 in the top row of the keyboard, as shown in
Fig. 8-3. If you press and hold the CTRL key and then press one of
the color keys, the cursor will change to the color shown on the

Fig. 8-3. The color control keys.
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key. Now, when characters are typed, they will be displayed in the
color you have selected. If you have a black-and-white TV set, you
will see changes in the shades of grey as you change colors.

When the color of the cursor is changed, the characters already
on the TV screen stay the same. Only the characters printed after
the color has been changed are displayed in the new color.

You can also “reverse” the characters being displayed by using
the CTRL key and the RVS ON and RVS OFF keys that share
their functions with the 9 and 0 keys. When the display is “re-
versed” by using the CTRL and RVS ON keys, the cursor color
becomes the background color, and the background color is used
for the characters being displayed. This change won’t be obvious
from looking at the cursor, since its color and position stay the
same. The “reverse” printing may be turned off by using the
CTRL and RVS OFF keys. The reversed type of printing is often
used to add emphasis to a display, or for a special visual effect.
Only the characters printed after the display has been “reversed”
will be displayed in the reverse form.

The color-change and reverse-printing operations can be in-
cluded in the “message” part of a PRINT command, and they use
special symbols to represent their actions. The symbols are shown
in Table 8-2. The computer changes the color or displays characters
in reverse only when the computer reaches these special symbols
in the program. For example, when the computer gets to the fol-
lowing print command:

100 PRINT “ B THIS IS RED”

it recognizes the ™ symbol and switches the printing color to

Table 8-2. Color Control Symbols Used in VIC 20 Messages

Key Symbol
BLK (Black) [ ]
WHT  (White) E |
RED (Red) - |
CYN (Cyan) h
PUR (Purple) a
GRN (Green) i
BLU (Blue) =
YEL (Yellow)
RVS ON E |
RVS OFF L]
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red. The message, THIS IS RED, is then printed on the TV
screen as red letters on the background color. Onceé the color has
been switched, the VIC 20 continues to use the selected color until
it is changed by another color-change operation in the program, or
by a keyboard operation. Several special operations can be put in a
“message.” For example, clear, home, cursor, color, and reverse
operations have been combined in this command:

100 PRINT ¢ JXDBBREREIE COMBO”

This PRINT operation clears the screen and moves the cursor to
its home position wa . It then moves the cursor down three
lines ¥ and over three spaces BB . The color is
changed to green @ and the color is reversed & . The word
COMBO is printed as background-colored letters surrounded by a
green area.

Experiment No. 8-2. Color Control

This experiment will show you how you can control the color of
the TV display from within a program. If you have a black-and-
white TV set, you will see changes in the shades of grey. Clear
your computer for this experiment. Type in the following program:

10 PRINT “[SHIFT] [CLRIHOME]"
20 PRINT “[CTRL] [6]"”

3 X =1

40 PRINT X

50 X=X+ 1

100 GOTO 40

Here is how the program will appear on your TV screen:

10 PRINT “ W 7
20 PRINT “ §@ ”
30 X=1

40 PRINT X

50 X=X+ 1
100 GOTO 40

What do you think this program will do? This program will dis-
play an increasing value on the screen; 1, 2, 3, 4, and so on.

What special symbol was displayed in line 20 when you typed the
[CTRL] [6] color change? What will this do when the computer
reaches this command? When you are typing characters on the
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keyboard and you press/hold the CTRL key and then press the 6
key, the next characters you type will be colored green. However,
when the CTRL and 6 keys are pressed in a “message,” a special
symbol is displayed. It looks like a tree or an umbrella. When the
computer reaches the statement:

20 PRINT * §8

in the program, it will change the printing color to green. Any-
thing that is printed will be green. Run the program. What is dis-
played on the TV screen? The TV screen is cleared and the num-
bers are displayed on the left side of the screen. The numbers are
green. Stop the program by pressing the RUN/STOP key. Now
list your program. What color are the characters in the program
listing? The characters are all green. Do you know why?

There are no other color-change commands in your program, so
the TV display will continue to stay green until you change it to
another color. Can you change the color to black right from the
keyboard? Try to do this. The color can be changed to black by
pressing the CTRL key and then pressing the 1 key. This changes
the color of the cursor and any characters that are then printed. If
you list the program now, the listing will be printed in black.

Can you add a program line to change the color of the numbers
when the value 100 is displayed? How can the computer make this
decision? It can check for the condition, X = 100. Here is a pro-
gram line that will change the display to blue when the value
labeled X reaches 100:

60 IF X = 100 THEN PRINT “[CTRL] [7]";
When the program is listed, it should look like this:

10 PRINT “ s 7

20 PRINT * §@

30 X=1

40 PRINT X

50 X=X+1

60 IF X = 100 THEN PRINT “ & ;
100 GOTO 40

After correcting any mistakes, run your program. You can press
the CTRL key by itself to slow the display. What happens when
the number 100 is displayed? Did the display change color? The
number 100 is displayed in blue, and so are the numbers that fol-
low it.
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Experiment No. 8-3. Reversed Printing

In this experiment, you will find out how the reverse printing
operation works and how it can be used in a program. Clear your
computer and type the following program:

20 PRINT “[SHIFT] [CLR/HOME]”
40 FORN=1TO5

60 PRINT N

80 NEXT N

Run this program to test it. The numbers 1 through 5 should be
displayed in the upper left-hand corner of the TV screen. When the
program works properly, change line 20 so that a green color-
change operation is included in the message:

20 PRINT “[SHIFT] [CLR/HOME] [CTRL] [6]”

This will change the display color to green. The program should
now look like this:

20 PRINT “ vl "
40 FORN=1to5
60 PRINT N

80 NEXT N

Run the program again. Do the numbers appear on the screen in
green? The numbers should be printed in green on the normal
background color. Now change the program so that line 20 also
contains a reverse-on operation, RVS ON:

20 PRINT “[SHIFT] [CLR/HOME] [CTRLI][6] [CTRL][9]"
This will change the listing of the program so it looks like this:

20 PRINT “ Jagd
40 FORN=1TO5
60 PRINT N

80 NEXT N

Run the program. Are the numbers printed in reverse, as the
background color surrounded by green? No, they are not. Unlike
the color-changing operations, you cannot set the VIC 20 to the
reverse mode and have it stay there. The reverse mode must be set
for each printing command in which it is to be used. Here is how
you can do it. Change line 20 so it contains only the clear-home and
green color-change operations:

221



20 PRINT “[SHIFT] [CLR/HOME] [CTRL][6]"

Change line 60 so that the reverse printing operation is con-
tained in the “message” part of the PRINT command:

60 PRINT “[CTRL][9]” N
Check your program with the listing shown below:

20 PRINT *_ il

40 FORN=1TO5
60 PRINT* @ "N
80 NEXT N

Run the program. Are the numbers printed in reverse? You
should see that the numbers are printed in the background color,
with a green area around them.

NOTE: If you want to use the reverse printing operation in a
program, you must set it in each of the PRINT commands in which
you want to use it. The reverse printing will be set back to the
normal mode whenever (1) the VIC 20 does a line-feed on the dis-
play, (2) the RETURN key is pressed, or (3) the program stops.
The colors are not changed by these operations, and the cursor’s
color will stay as it is unless you change it.

The computer can do many interesting things on the TV screen
by using the PRINT command and the cursor, color, and reverse
operations in the “message.” All of the letters, numbers, punctua-
tion marks, and graphic symbols may be printed on the screen to
make colorful displays of information or art. By adding color to
displays, you can add a great deal of value and interest to games
and to education, business, and other programs.

The PRINT command is very useful and flexible. There are
many ways in which it may be used, and you will find that the
PRINT command will answer almost all of your needs to display
information on the TV screen. However, there are some times
when it would be helpful to have even greater control of the TV
screen.

ADVANCED DISPLAYS AND GRAPHICS

The advanced displays and graphics that we will describe in this
section are based on the “5K VIC 20 system.” This is the basic VIC
20 computer system as it comes from the store or computer dealer.
The 5K VIC 20 must not be expanded with any extra memory
cartridges if you want to do the experiments in the rest of this

222



chapter. If you look at the back of the computer, you’ll find a large
open slot. This is where game cartridges and other plug-in modules
can be added. If there is a module in this slot, we suggest that you
turn off the power and remove it.

The VIC 20 can display up to 23 lines of information, and each
line can have up to 22 characters. So, there are 506 positions for
characters on the TV screen. Do you think it’s possible to “fill”
them all with information?

Experiment No. 8-4. Filling the TV Screen

This experiment will let you see whether or not you can com-
pletely fill the TV screen with characters.

Here is a program that will print 506 “@” signs on the TV
screen. Clear your computer for a new program and type this pro-
gram into the computer:

100 PRINT “[SHIFT] [CLR/HOME]";
120 FOR W = 1 TO 506

140 PRINT “@";

160 NEXT W

Run the program. Is the screen completely filled with 506 “@”
symbols? It is difficult to tell, since as soon as the program ends,
the READY message is displayed on the TV screen. Add the fol-
lowing program line to your program:

180 GOTO 180

This will keep the computer in an “endless” loop so the program
will never end and the READY message will not appear.

Run the program again. Are all 506 “@” signs displayed? It
looks as though they might be, but as soon as the last one is
printed, the display moves up, leaving four blank lines at the bot-
tom of the display. Stop the program with the RUN/STOP key and
change line 120 to:

120 FOR W = 1 TO 505

Now run the program again. What is displayed on the TV
screen? The TV screen is completely filled with “@” symbols, ex-
cept for the last space in the TV display, in the lower right-hand
corner.

When the VIC 20 displays a character in the last space on a line,
or in the last space on the display, it automatically moves the cur-
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sor to the next line. At the bottom of the display; it will move the
display up by one to four lines. You can’t always tell how many.
This is an annoyance, and it makes it difficult to display informa-
tion in the last place on a line if you don’t want the cursor to auto-
matically move.

When your program printed the last “@” symbol on the page,
the VIC 20 moved the display up by four lines. If you had had
useful information at the type of the display, the first four lines
would have been “lost.”

The PRINT command is used extensively in computer pro-
grams, but in the VIC 20 it has some limitations, and there is an-
other way to control the TV display. So far, the screen has ap-
peared to be individual lines, each of which can hold characters.
You can also think of the TV display as a grid of squares, each of
which can hold one character, as shown in Fig. 8-4. The grid, or
“map,” is laid out in the same way in which characters are dis-
played on the TV screen; 22 squares across the top and 23 squares
down the side.

This is the way that the VIC 20 actually arranges the informa-
tion that is shown on your TV set. When information is to be
printed on the TV screen, the computer places the necessary char-
acters in the map squares, one by one. As far as we are concerned,
this is automatic and completely taken care of by the computer.

22 SQUARES
|

o O

23 SQUARES

330060 49333003000

L 1

Fig. 8-4. The TV screen grid: 22 characters across by 23 display lines.
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The overall result is that the characters show up in matching posi-
tions on the TV screen.

The squares used to hold the TV display information are
grouped in a display map, and they are numbered in sequence,
just like bins in a warehouse or boxes in a bank safe. In the basic
5K VIC 20, the display map numbers start at 7680 and end with
8185, as shown in Fig. 8-5. Any square on the map can be easily
located, since each has a unique number or “address.” Individual
characters can then be placed in each square so they are displayed
on the TV screen.

The VIC 20 has a second map that looks exactly like the display
map, except that its addresses start with 38400 and end with
38905. This is the color map, and it is used to set the color of each
of the characters displayed on the TV screen. Each position on the
TV screen has a matching position in the display map and in the
color map, as you can see in Fig. 8-6. You can think of the display
map as holding the character outlines and the color map as holding
colored lights that shine through to the TV screen.

The two maps are used together so that when a character is
placed in the display map at address 8010, its color must be placed

"TOP"
22 SQUARES

— N 7701
7680 ~« -
7834 0
"LEFT" 23 SQUARES
8076 —|_
J

8185

Fig. 8-5. The screen display map.
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"TOP”
22 SQUARES

p N 38421
38400 2 )

"LEFT" 23 SQUARES
38884 N

38905

Fig. 8-6. The screen color map.

in the color map at address 38730, which is right “behind” it, pro-
viding the colored light. The addresses in the color map are 30720
greater than the matching addresses in the display map, so it’s not
too difficult to keep track of them.

If you could look into the squares in the maps, you wouldn’t find
the actual characters and colors. The VIC 20 uses a special “screen
code” for each character and a “color code” for each color. For
example, the screen code for “P” is 16 and the color code for red is
2. So, by placing the proper screen code in one of the display-map
squares and a color code in the matching color-map square, the
colored character appears on the TV screen. This is shown in Fig. 8-7.

The characters and their screen codes are shown in Table 8-3.
The VIC 20 has two sets of characters, either of which you can
use. We'll show you how to switch between them later in this chap-
ter. The color codes are listed in Table 8-4.

A new command, POKE, is used to “address” a square in the
display and color maps and place, or “poke,” a code into it. The
POKE command looks like this:

POKE address, code
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Table 8-3. Screen Codes for the Display Characters

SET 1 SET2 POKE

@

I & m m O O W »

X < -

-

o z =

- o T O T

0
1
2

10
1
12
13
14
15
16
17
18
19
20

SET1 SET2 POKE

u

N < X = <

*h

u

v

w

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

41

SET 1 SET 2 POKE

*

+

>

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

Courtesy Commodore Business Machines, Inc.
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Table 8-3. Screen Codes for the Display Characters (cont)

SET 1 SET 2 POKE| SET 1 SET 2 POKE| SET 1 SET 2 POKE
? 3 [[] 1 =8 |[] 106
H 64 |[4 u & |[H 107
@ A e |[X v 8 |[g 108
1 8 e [O w e [[[ 109
H c e |[# x 8 |H] 110
B o e |[[[] v e | 111
e e ([0 z 9 |[d 112
L] fr 720 |HH o1 |3 113
1] ¢ = E] 2 | 114
(I w72 |[]] 9 |H] 115
Rl v = |1 B e [] 116
Y v 7| o | [] 117
Pl k5 % [[] 118
0O v | o7 | [T 119
N M 7 | o | ™ 120
1 v 1 ([] 9 | [ 121
[ o 7 |[] 00 [[] v 122
1 p 80 |[] 10 | @] 123
® o & BB 102 | [ 124
L] r 8 |[] 103 | [] 125
Y] s 8 || 104 | W] 126
4 105 | By 127

Courtesy Commodore Business Machines, Inc.
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Table 8-4. Screen Color Codes

Color | Color Code

Black
White
Red
Cyan
Purple
Green
Blue
Yellow

NOOHWN-=-O

To display a character on the TV screen at a specific spot, the
matching display map and color map squares must have a screen
code and a color code poked into them. Two POKE commands, one
for the display map and one for the color map, are used to print the
letter “M” in red near the middle of the screen, at display map
address 7932. The matching color address is 7932 + 30720, or
38652:

100 POKE 7932, 13 : POKE 38652, 2

In this example, the screen code (13) was poked into the display
map and then the color code (2) was poked into the color map. The
same thing happens even if the POKE commands are reversed:

100 POKE 38652,2 : POKE 7932, 13

SCREEN CODE FOR "M" COLOR CODE FOR RED
AT ADDRESS 7722 AT ADDRESS 38442
\\ \
S
'~
N
\\L T\\\ \ A
N o
| ‘\:\ : \\| \ \ \
AN I \\ | |
PIYTE NE N | N
RED M~J'_\T1T\b1:\\: { la\ 2\
SNUO Ny Y] A
i\ | T~ 1
| \\*\ : \\: \ \
: \\{ | \ \
: \\: \ \
|
1
TV Display Display Map Color Map

Fig. 8-7. Alignment of the screen display and color maps for TV display
control.

229



A POKE command can be used to address any of the display-
map or color-map squares at any time in a program. When the
POKE command is used, its action is independent of the cursor and
it will not cause line feeds to take place, nor will it advance or
“push up” the display.

Experiment No. 8-5. Using the POKE Command

In this experiment, you will learn how the POKE command can
be used to control the display of characters and their colors on the
TV screen. You will use the POKE command to control the display
and color maps. Clear your computer and type in the following
program:

220 FOR AD = 7680 TO 8185
240 POKE AD, 42

260 POKE AD + 30720,2
280 NEXT AD

300 GOTO 300

This program will do two things. The FOR-NEXT loop will go
through all of the addresses in the display map, and the first
POKE command will put the display code (42) for an asterisk (*) in
a display-map square. The second POKE command will put the red
color code (2) in the matching color-map square.

Run the program. What is shown on the TV screen? Are all of
the positions “filled” with an asterisk? The entire screen fills with
red asterisks. Change line 220 to:

220 FOR AD = 7680 TO 8184

This should leave the last space on the display “blank.” Run the
program and see if this is what happens. The last space should be
left blank. Change line 220 back to:

220 FOR AD = 7680 TO 8185

and run the program. The complete display should be filled again.
The display can also be “filled” from the bottom. Change line 220
to:

220 FOR AD = 8185 TO 7680 STEP —1

and run the program again. The display of asterisks should start at
the bottom right-hand corner and end in the upper left-hand
corner. It would be difficult to do this type of printing with a
PRINT command. Change line 220 back to:
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220 FOR AD = 7680 TO 8185

Now, let’s change the program so that different colors are
selected as the program is running. The random number command
(RND) can select a random color code that can be poked into the
color map. Add the following line to your program:

250 CL = INT(RND(1) * 8)
and change line 260 to:
260 POKE AD + 30720, CL

These new program lines will come up with a random number
between 0 and 7, and will place it in the color map as the asterisks
are printed on the TV screen. Here is a listing of the complete
program:

220 FOR AD = 7680 TO 8185
240 POKE AD,42

250 CL = INT(RND(1) * 8)
260 POKE AD + 30720, CL
280 NEXT AD

300 GOTO 300

Run the program and watch the display. Are different colored
asterisks shown as you expected? There are colored asterisks
printed on the screen, but some asterisks seem to be “missing.” Do
you know why? These “missing” asterisks aren’t missing at all. The
color code used for them is 1, for white. A white character printed
on a white background cannot be seen on the TV display. Change
line 300 to:

300 GOTO 220

This command will point the computer back to the beginning of
the program. What will this do to the TV display? Run the pro-
gram and find out. The asterisks stay on the screen, but their
colors change as the computer goes through the program again and
again.

This experiment has shown you how POKE commands can be
used to control the TV display so that characters of any color can
be displayed anywhere on the TV screen. You also saw an interest-
ing use for the random number operation.

Once a character has been displayed on the TV screen, you can
change its color by changing the color code placed in its matching
square in the color map. You can also change the character being
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displayed and do many other interesting things with the display
maps.

REVERSED CHARACTERS

If you look at the characters in Table 8-3, you'll see that none of
them is shown in its reversed mode; that is, the character printed
in the background color in a block of another color. Each character
can be reversed just by adding 128 to its screen code. For exam-
ple, 3 is the code for “C” and 131 is the code for a reversed
“C,” M. Itis easy to switch to the reverse mode by adding 128
to a character’s screen code. By subtracting 128 from a reverse
character’s screen code, the character goes back to normal.

Experiment No. 8-6. A Flashing Sign

Flashing signs are used to get your attention, and computer
displays use the same technique. The cursor flashes to show you
where it is, and flashing legends and messages can be useful, too.
In this experiment, you’ll see how a message can be flashed on the
screen.

Clear your computer and type this program into your computer:

100 PRINT “[SHIFT] [CLR/HOME]";
120 DATA 4,1,14,7,5, 18

140 FOR AD = 7908 TO 7913

160 READ CH

180 POKE AD, CH

200 POKE AD + 30720, 2

220 NEXT AD

This program uses a DATA statement to hold screen codes for
the letters D, A, N, G, E, and R so that “DANGER?” can be
printed on the TV screen. The FOR-NEXT loop reads the codes
from the DATA statement and pokes them into the display map.
The POKE command at line 200 sets the color of each letter to red.

Run the program. You should see the word DANGER displayed
near the center of the TV screen. If it is not displayed, carefully
check your program. To flash the word DANGER on the TV
screen, you display it in the same place, but in reverse. This is
done by using the same screen codes, but with 128 added to each
one. Add the following lines to your program:
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240 FORT = 1TO 1000: NEXT T
260 RESTORE

280 FOR AD = 7908 TO 7913
300 READ CH

320 POKE AD, CH + 128

340 NEXT AD

360 RESTORE

380 FOR T = 1TO 1000: NEXT T
400 GOTO 140

These program lines place “reversed” screen codes in the same
display map squares as were used in the first part of the program.
The difference is that 128 has been added to the original codes.
Since the color code has already been poked into the map once, this
doesn’t have to be done again. The FOR-NEXT loops at lines 240
and 380 are “do-nothing” loops used to slow the computer so you
can see the display change. The RESTORE commands reset the
READ command so it starts from the beginning of the list of codes
in the DATA statement. Here is the complete program:

100 PRINT “[SHIFT] [CLR/HOME]";
120 DATA 4,1,14,7,5,18

140 FOR AD = 7908 TO 7913
160 READ CH

180 POKE AD, CH

200 POKE AD + 30720, 2

240 FORT = 1TO 1000: NEXT T
260 RESTORE

280 FOR AD = 7908 TO 7913
300 READ CH

320 POKE AD, CH + 128

340 NEXT AD

360 RESTORE

380 FOR T = 1TO 1000: NEXT T
400 GOTO 140

Run the complete program and see if DANGER is flashed on the
sereen. It should be. If it is not, carefully check your program.

‘This program flashed the word DANGER by changing the dis-
play from the normal letters to the reversed letters. Another type
of display might turn the letters on and off. Let’s try that, too.

Once the screen codes have been placed in the display map, the
characters are “lit” by poking a color code into the color map. In
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the asterisk display experiment, you saw that if the color code was
the same as that for the background, an asterisk wasn’t seen. You
can turn off characters, or “remove them,” simply by setting their
color code to the background color code.

Change your program by removing lines 200 through 400. Type
the line number for a line to be “erased” and press [RETURN].
This removes the line from your program. The lines remaining
should be:

100 PRINT “[SHIFT] [CLR/HOME]";
120 DATA 4,1,14,7,5, 18

140 FOR AD = 7908 TO 7913

160 READ CH

180 POKE AD, CH

Add the following line to the program:
200 NEXT AD

Run the program. Does the word DANGER appear on the TV
screen? No, it doesn’t, since no color codes were placed in the color
map as part of this program. Add the following lines to the pro-
gram:

220 FOR AD = 7908 TO 7913
240 POKE AD + 30720, 2
260 NEXT AD

Now run the program. Lines 220, 240, and 260 set the matching
squares in the color map to red, so the DANGER message should
show up on the TV screen. Now add these lines to the program to
make the message flash:

280 FOR T = 1 TO 1000: NEXT T
300 FOR AD = 7908 TO 7913
320 POKE AD + 30720, 1

340 NEXT AD

360 FOR T = 1 TO 1000: NEXT T
380 GOTO 220

The complete program will look like this:

100 PRINT “[SHIFT] [CLR/HOME]";
120 DATA 4,1,14,7,5,18

140 FOR AD = 7908 TO 7913

160 READ CH
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180 POKE AD,CH

200 NEXT AD

220 FOR AD = 7908 TO 7913
240 POKE AD + 30720, 2

260 NEXT AD

280 FOR T = 1TO 1000: NEXT T
300 FOR AD = 7908 TO 7913
320 POKE AD + 30720, 1

340 NEXT AD

360 FOR T = 1TO 1000: NEXT T
380 GOTO 220

This seems like a lot of trouble to go to to flash a message on the
screen, but it shows you how the display of information can be
controlled by a program. Since you changed the color of the letters
from red to white, back to red, and so on, you can change the color
code in line 320 so that DANGER goes back and forth between red
and yellow letters. Try it.

SEEING WHAT YOU HAVE DONE

You have used the POKE command to place codes in the display
and color maps. The VIC 20 also gives you a command that you can
use to take a look into the maps to see what code is stored in a
particular square. This operation uses the PEEK command, and it
lets you “peek” into any square to get the code that has been put
there. Here is what the PEEK command looks like:

PEEK (address)

When you give the PEEK command an address, the computer
will get a copy of the code in that square. The PEEK command is
often used with a label so you can use the coded information from
the map in a program. For example, the PEEK command:

100 DR = PEEK(38400)

will get the color code from the upper left-hand square in the color
map (see Fig. 8-6). The PEEK operation copies the code, and it
doesn’t change the color map in any way.

How could this operation be used in a program? One simple use
would be to have the program get screen codes from the display
map so the characters could be “reversed.” Here is how it might be
done:

235



680 SC = PEEK (AD)
700 RC = SC + 128
720 POKE AD, RC

We assumed that the screen code wasn’t already “reversed.”
The PEEK command isn’t used as often as the POKE command,
but it serves a useful purpose, and it’s helpful to know that this
type of look-and-see operation is available.

MORE CHARACTERS

Two sets of characters are shown in Table 8-3, but so far only
Set 1 has been used. You can switch to the second set of characters
by pressing the SHIFT and GRAPHICS keys at the same time. If
you do this, you will see that the entire display is changed as the
computer switches to the second set of characters. The second set
of characters will continue to be used until you switch the comput-
er back to Set 1.

You can also change to the second set of characters from within
a program, and this is done with a POKE command that uses ad-
dress 36869. For example, this instruction will switch the VIC 20
to the characters in Set 2:

100 POKE 36869, 242
while this command:
200 POKE 36869, 240

will switch the VIC 20 back to Set 1. Unlike the color and reverse
printing operations, the switch from one character set to the other
immediately switches the whole TV display to the new character
set.

Since the computer uses Set 1 when it is turned on, you don’t
have to do anything to the computer to use the characters in that
set. In most cases, you won’t be switching back and forth between
the two sets of characters.

SCREENS AND BORDERS

When you turn on the VIC 20 computer, the color of the square
central area is white, and the surrounding border color is light
blue, or cyan. You can change these colors, too, by using a POKE
command. There are 128 combinations of these colors, and they are
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listed in Table 8-5. To change the colors, simply choose the set of
colors you want, get the code from the table, and use it in the
command:

POKE 36879, code

The code used by the VIC 20 when it is turned on, or reset, is 27
for a white central area and a cyan border.

So far, you have seen how the computer uses “maps” and codes
to control the characters displayed on the TV screen and their
colors. You'll find that the VIC 20 has other maps, with their own
addresses, and these control other parts of the computer. For
example, there is a small “map” that controls the sounds that the
computer can make.

A NOTE ABOUT CODES

In the Special Math Functions chapter, we introduced the Amer-
ican Standard Code for Information Interchange, or ASCII. This
code is a standard one that has been adopted by computer equip-
ment manufacturers so that information can be easily transferred
from one computer to another. You learned about the CHR$ and
ASC operations that can convert string characters to their ASCII
equivalent and back again.

The screen codes use in the VIC 20 computer are different from

Table 8-5. Screen and Border Color Combination Codes

SCREEN COLOR BORDER COLOR
BLK WHT RED CYN PUR GRN BLU YEL
BLACK 8 9 10 1 12 13 14 15
WHITE 24 25 26 27 28 29 30 3
RED 40 41 42 43 44 45 46 47
CYAN 56 57 58 59 60 61 62 63
PURPLE 72 73 74 75 76 77 78 79
GREEN 88 89 90 91 92 93 94 95
BLUE 104 105 106 107 108 109 110 111
YELLOW 120 121 122 123 124 125 126 127
ORANGE 136 137 138 139 140 141 142 143
LT. ORANGE 152 153 154 155 156 157 158 159
PINK 168 169 170 171 172 173 174 175
LT. CYAN 184 185 186 187 188 189 190 191
LT. PURPLE 200 201 202 203 204 205 206 207
LT. GREEN 216 217 218 219 220 221 222 223
LT. BLUE 232 233 234 235 236 237 238 239
LT. YELLOW 248 249 250 251 252 253 254 255
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the ASCII values assigned to each letter, number, and punctuation
mark. Most of the special graphic characters that can be displayed
with the VIC 20 have no ASCII equivalent. Likewise, there are no
ASCII equivalents for reversed characters. Although you won’t be
concerned with this right now, remember that the screen code and
ASCII value for a character are not the same thing!

QUESTIONS

1. What does the SPC, or space, command do?

2. How does the SPC command differ from the TAB command?

3. What happens when you are typing a “message” for a PRINT
command and you try and use the CRSR keys?

4. What commands can be used in a PRINT command to control
the cursor?

5. What does the END command do? Why is it useful?

6. How do you get the VIC 20 computer to change the color of its
display?

7. When the color is changed, does this change the color of every-
thing being displayed?
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10.

11.

12.

13.

14.

. How can the color be changed from within a program?

How do you get the computer to print in reverse? Can you set
the computer to the reverse mode and use it as you wish?

What two maps control the TV display? How many locations
are there in each map?

What information must be placed in the two maps to control
the TV display?

How can a character be “reversed” on the TV screen?

What does the POKE command do? What does the PEEK
command do?

How many sets of display characters does the VIC 20 com-
puter have? How can you switch from one to the other? Does
this “switch” change all of the characters on the TV screen?

PROBLEMS

. Write a program so that the background color on the TV

screen is changed to green.

. Using POKEs, move a red ball ((SHIFT][Q]) along the top line

of the TV screen from left to right. Once the ball reaches the
right-hand side of the TV screen, it should bounce back toward
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240

the left-hand side of the screen. The red ball should continue to
bounce off the sides of the TV screen.

. Write a program so that a black diamond ([SHIFTI[Z]) is

moved about on the top line of the TV secreen in a random
manner. This means that the diamond can either (1) stay
where it is, (2) move one position to the left, or (3) move one
position to the right.

. Display a sine wave on the TV screen (Fig. 8-8), assuming that

the angle varies between 0 and 2 = radians (0 and 360°). If you
aren’t comfortable using the SIN function (from Chapter 7),
skip this and the next problem.

. Modify the program from Problem 4 so that in addition to

plotting a sine wave on the TV screen, a coordinate system is
also plotted (Fig. 8-9).

Write a program so that a red asterisk (*) moves around the
edge of the TV screen in a clockwise manner.

Write a program that asks you to enter a number that repre-
sents the border color and a number that represents the back-
ground color. Once both numbers have been entered, these

Fig. 8-8. Displaying a sine wave on the TV screen.



10.

11.

Fig. 8-9. Adding a coordinate system to the sine-wave display.

colors are actually changed on the TV screen. For this prob-
lem, use the “menu” approach of entering a selection’s number
shown in Problem 5 in Chapter 5.

Write a program that displays the up-arrow character (1) in
the middle of the bottom line of the TV screen. By pressing
the “V” key, the arrow moves to the left, and by pressing the
“N” key, the arrow moves to the right. (HINT: Use the GET$
command in your program).

. Write a program that lets you enter a character (A-Z) from

the keyboard, which is then displayed in the center of the TV
screen. The cursor keys can then be used to move the char-
acter around on the TV screen.

Modify the program from Problem 9 so that as the character is
moved, it leaves a trail of characters, the same way the
Etch-O-Sketch® toy works.

Modify the program from Problem 8 so that the arrow shoots
the period character (.) toward the top of the screen. Once a
shot has been taken, no other shots can be taken until the first
bullet goes off the top of the screen. As the bullet moves
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12

13.

14.

15.

16.

17.

242

toward the top of the screen, the “V” and “N” keys should still
be able to move the arrow around on the bottom line.

Write a program that puts three asterisks (*) on each line of
the TV screen, in random places in each line. The color for
each line of asterisks should also be randomly chosen. The pro-
gram should not allow the screen color to be used, thus “invis-
ible” asterisks are avoided.

Write a program so that an asterisk is placed on the left-hand
side of the TV screen on a randomly chosen line. The asterisk
is then moved from the left-hand side of the TV screen to the
right-hand side. Once the asterisk disappears off of the right-
hand side of the screen, another asterisk should appear on the
left-hand side of the screen on a randomly chosen line, and it,
too, should move over to the right-hand side of the sereen.

Modify the program from Problem 13 so that an asterisk ap-
pears randomly on either the left-hand or right-hand side of
the TV screen on a randomly chosen line. The asterisk should
then move toward the other side of the screen. Once the as-
terisk reaches the other side of the screen, this process should
be repeated.

Modify the program from Problem 14 so that at the beginning
of the program the user can enter a skill level between 0 and 9.
The higher the skill level, the faster the asterisk travels across
the screen.

Modify the program from Problem 12 so that once the TV
screen is filled, a new line of three randomly placed asterisks
will appear at the bottom of the screen. This will cause the top
line on the screen to be scrolled off of the screen. The three
new asterisks should all be the same (randomly chosen) color.

If you have solved every problem so far, and you are a VIC 20
“expert,” try the following for some extra credit: Modify the
character set of the VIC 20 so that the expression, X412, will be
displayed with the 2 actually appearing as a superseript,
slightly above the X. To properly solve this problem, the 2
must be the same height as the X character.



9

Sound Off, 1, 2, 3, 4

SOUND IS IMPORTANT

If you can use more of your senses in something, the more
enjoyable it can be. Pictures of animals just can’t be compared to a
trip to a zoo where the animals can be seen, heard, touched, and
even smelled. Many an early video game used only a black-and-
white TV set to display a set of “paddles” and a “ball” that moved
around the screen. Later, sound effects and realistic color displays
were added, and more people started playing video games.

Unfortunately, many computers just use a TV screen to display
letters and numbers, so using a computer isn’t as interesting as it
could be. In an earlier chapter, you learned how to use colors to
call attention to information and to interest people in what the
computer is doing. In this chapter, you'll see how the VIC 20 can
make special sounds, so your sense of hearing can be involved, too.

Besides being used in game programs for sound effects, sounds
have other important uses in small computers. In some, a quick
“tick” is heard each time a key is pressed. If you are typing infor-
mation without looking at the keyboard, this lets you know that
each key has really been pressed. The “tick” is reassuring, and it
takes the place of the “snap” you hear from a typewriter as the
typeface hits the paper.
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Sounds can also be used to call attention to something the com-
puter is doing. Perhaps a quick “beep” will let you know you’ve
pressed a wrong key, or a warbling tone will tell you that some-
thing special is about to happen. Sounds add a lot to computer
systems.

SOUND FROM THE VIC 20

Your VIC 20 computer can put together or create many sounds,
and they are easy to control with a BASIC program. The VIC 20
has four sources of sounds, or tones, and they are called “speak-
ers,” since they are similar to the speaker in a radio or hi-fi. The
computer’s “speakers” can be used individually, or together, de-
pending on what kind of sound is needed. The sounds don’t come
out of the keyboard unit, but are sent to the TV set and are heard
on its built-in speaker.

Three of the “speakers” create musical tones, from low tones at
“speaker 1” to high tones at “speaker 3.” We'll call them SPKRI1,
SPKR2, and SPKR3. The fourth speaker, SPKR4, creates a
“hiss,” or noise, like that from a radio set that isn’t receiving any-
thing. This sound is also called “white noise.” A simplified diagram
of the computer’s sound system is shown in Fig. 9-1.

The VIC 20 uses a map to control these sounds, and the sound
map is shown in Fig. 9-2. There are five adresses in the map, one
for each “speaker” and one for the volume. Each of these is con-
trolled by placing a code in the matching map address. The codes
for the sounds go from 128 to 255, so each “speaker” can create 128
tones. The codes for the “musical” tones are shown in Table 9-1.

LOW TONES SPKR 1

MEDIUM TONES SPKR 2

VOLUME p— TO TV SET

HIGH TONES SPKR 3

NOISE SPKR 4

Fig. 8-1. Block diagram of the VIC 20 sound system.
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ADDRESS FUNCTION (RANGE)

36874 LOW TONE (128-255)
36875 MEDIUM TONE (128-255)
36876 HIGH TONE  (128-255)
36877 NOISE (128-255)
36878 VOLUME (0-15)

Fig. 9-2. The sound map and addresses for the VIC 20.

The tones have been put into groups of eight, and each is called an
“octave.” Not all of the tones have been shown, since many don’t
correspond to specific musical notes.

There is some overlap between the tones, so that a code of 223 at
SPKR3 creates the same tone as a code of 239 at SPKR2. This
means that the same tone may be created by using a code at one
speaker, and a different code at another speaker.

The volume control sets the volume of the complete sound
created by the computer, whether it is coming from only one
speaker or from all of them. The volume settings go from 0 to 15,
with 0 the code for OFF and 15 the code for the highest volume.

The sound map operates in the same way as do the display and
color maps that were described in an earlier chapter. The tones
and the volume are controlled by using POKE commands to place
the codes in the proper squares in the sound map. You can use the
PEEK command to find out what code is stored in any square in
the sound map.

Experiment No. 9-1. Setting the Volume

Sounds are easy to create and you will find out how you can do
this in this experiment. You will also find out how to use a tone
code and the “volume control.”

Clear your computer for a new program. Turn the volume con-
trol on your TV set so that it is at the lowest volume setting. At
the highest setting you will hear a hum or a slight hiss. You want
the position opposite from this. Type the following instructions into
your computer:
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Table 9-1. Musical Tone Codes for the VIC 20 Speakers

SPKR 3 SPKR 2 SPKR 1
Note Code Note Code Note Code
B 239 — — — —
A 237 — — — —
G 235 — — — —
F 232 — — — —
E 231 — — — —
D 228 — — — —
C 225 —_ — —_ —_
B 223 B 239 — —
A 219 A 237 — —
G 215 G 235 — —
F 209 F 232 — —
E 207 E 231 — —
D 201 D 228 — —
C 195 C 225 — —
B 191 B 223 B 239
A 183 A 219 A 237
G 175 G 215 G 235
F 163 F 209 F 232
E 159 E 207 E 231
D 147 D 201 D 228
(o} 135 C 195 C 225
_ —_ B 191 B 223
— — A 183 A 219
— — G 175 G 215
— — F 163 F 209
— — E 159 E 207
—_ —_ D 147 D 201
— — C 135 (o} 195
— — — — B 191
— — — — A 183
— — — — G 175
— — — — F 163
— — — — E 159
— — — — D 147
— — — — C 135

POKE 36878,15
POKE 36876,200

These instructions immediately set the computer’s sound volume
to its highest setting and set up a tone in SPKR3. Adjust the vol-
ume control on your TV set so that the tone can be heard at a
normal level. Since you will be using the tones again, you want to
be able to easily hear the tone.
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Once the volume has been set, type the following instruction into
your computer. This will turn off the tone:

POKE 36878,0

Leave the TV set’s volume control at its present setting for now.
Load the following program into the computer:

100 POKE 36876,200
120 FORVL = 0TO 15
140 INPUT Z

160 PRINT VL

180 POKE 36878, VL
200 NEXT VL

This program sets up a tone on SPKR3 and increases the volume
code by 1 each time you press the RETURN key. Run the pro-
gram and listen for the tone. Just press the RETURN key to ad-
vance the computer to the next volume setting. Do you hear a
difference in the volume of the sound after pressing the RETURN
key? You will probably be able to hear the volume change at the
lower settings, but once above a volume code of 12, or so, it is
difficult to hear much of a change. To turn off the tone, type:

POKE 36878,0

You can also turn off the sound by pressing the RUN/STOP and
RESTORE keys together. This is the easiest way to turn off the
sound and it can be done at any time. Of course, it will stop any
program that you are running, too. Both of these operations set
the volume code back to 0, or OFF. Change program line 140 to:

140 FORT =1TO 100: NEXT T
Here is a complete listing of the modified program:

100 POKE 36876,200

120 FORVL =0TO 15

140 FORT = 1 TO 100: NEXT T
160 PRINT VL

180 POKE 36878, VL

200 NEXT VL

Now run the program. What happens? The volume slowly in-
creases as the volume codes are printed on the TV screen. Add the
following program lines to your program:

220 FOR VL = 15TO 0 STEP -1
240 FORT = 1TO 100: NEXT T
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260 PRINT VL
280 POKE 36878, VL
300 NEXT VL

Check your program listing against the listing of the complete
program shown below:

100 POKE 36876,200

120 FORVL =0TO 15

140 FORT = 1TO 100: NEXT T
160 PRINT VL

180 POKE 36878, VL

200 NEXT VL

220 FOR VL = 15 TO 0 STEP —1
240 FORT = 1TO 100: NEXT T
260 PRINT VL

280 POKE 36878, VL

300 NEXT VL

Run this complete program. Now what happens to the volume?
The volume increases and then it decreases. Change the program
by adding the following program line. This will make the program
run over and over again:

320 GOTO 120

Run the program. The volume should increase, decrease, in-
crease, and so on until you stop the program. The time delay (lines
140 and 240) and printing steps (lines 160 and 260) can be removed
from the program to increase its “speed.” Remove lines 140, 160,
240, and 260 from your program. The program should now look like
this:

100 POKE 36876,200

120 FOR VL =0TO 15

180 POKE 36878, VL

200 NEXT VL

220 FOR VL = 15TO 0 STEP -1
280 POKE 36878, VL

300 NEXT VL

320 GOTO 120

Run the program, What do you hear? The sound seems to be
pulsed, creating an interesting effect. You have not changed the
tone. The program has only changed its volume.
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Experiment No. 9-2. Changing the Tone

This experiment will show you how you can change the tone that
is created by a “speaker” in the VIC 20. Clear your computer for a
new program and load the following program into the computer:

100 POKE 36878,15
120 INPUT T

140 POKE 36874, T
160 GOTO 120

This program will let you type in values that will be poked into
the sound map for SPKR1, which generates the lowest tones. Run
the program and type in values between 128 and 250. You can ad-
just the volume of the TV set if you want to. What do you hear?
The pitch of the tone increases as the value typed in is increased.
Type in the value 128. This should give you a low rumble. Type in
250. This should give you a medium-pitch tone. Type in 254. This
will give you a high-pitch whistle. If you can’t hear this sound on
your TV set, try the value 253. You should be able to hear its tone.

Type in the value 255. Did you expect a higher-pitch sound? We
expected that 255 would create the highest tone for a “speaker.” IT
DIDN’T. We found that the tones created for codes 128 and 255
were exactly the same. THE HIGHEST TONE WILL BE
CREATED BY CODE 254. AVOID CODE 255.

Type in values that are between 0 and 127. What tone is heard?
You should find that for speaker codes less than 128, the tones are
turned off and you can’t hear anything from the TV set. While the
volume of all the “speakers” together is controlled by the volume
code, individual “speakers” can be turned off by giving them a code
that is between 0 and 127. We suggest just using 0, since it is easy
to remember.

Change program lines 120 and 160 to:

120 FOR T = 128 TO 254
160 NEXT T

The complete program will look like this:

100 POKE 36878, 15

120 FOR T = 128 TO 254
140 POKE 36874, T

160 NEXT T
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Run the program. What do you hear? You should be able to hear
the tones increase quickly from the lowest tone to the highest tone
for SPKR1. Change the program by adding the following program

lines:

180
200
220
240

FOR T = 254 TO 128 STEP —1
POKE 36874, T

NEXT T

GOTO 120

Here is a listing of the complete program so you can easily check

it:
100
120
140
160
180
200
220
240

POKE 36878, 15

FOR T = 128 TO 254

POKE 36874, T

NEXT T

FOR T = 254 TO 128 STEP -1
POKE 36874, T

NEXT T

GOTO 120

Run this program. What do you hear now? The tones increase,
decrease, increase, and so on until you stop the program.

In this experiment, you have changed the tone generated by one
of the “speakers,” SPKR1. This speaker generates the lowest set
of tones available from the VIC 20 computer. Just for fun, change
the program line as shown below. The other program lines should
remain as they are:

120

180

240

FOR T = 220 TO 254
FOR T = 254 TO 200 STEP —1

POKE 36874,0

Add the following program lines to your program:

260 FOR D = 1 TO 500: NEXT D
280 GOTO 100

The complete program will now look like this:

100
120
140

250

POKE 36878, 15
FOR T = 220 TO 254
POKE 36874, T



160 NEXT T

180 FOR T = 254 TO 200 STEP —1
200 POKE 36874, T .

220 NEXTT

240 POKE 36874,0

260 FOR D = 1 TO 500: NEXT D
280 GOTO 100

Run this program. If you use your imagination, you may be able
to hear laser pistols firing, or perhaps you can think of something
else that it sounds like. Do you hear laser pistols being fired?
Maybe you hear something else.

Experiment No. 9-3. Changing the Speakers

In this experiment, you will see how you can switch from one
“speaker” to another. You will also be able to hear the difference
between each “speaker.” Clear your computer for a new program.
Type in the following program:

200 POKE 36878, 15

220 INPUT “TONE”; TN
240 FORX =0TO2

260 POKE 36874 + X, TN

280 INPUT Q
300 POKE 36874 + X, 0
320 NEXT X

340 GOTO 220

This program will let you type in a tone code. It will then use the
tone code in SPKR1. When you press the RETURN key, the com-
puter will go on to SPKR2, and so on, so that the same code is
used in the three different “speakers.”

Run the program and type a value between 128 and 254 when
the computer prints “TONE ?”. Press the RETURN key to get the
computer to go to the next “speaker.” You should be able to hear
the difference between the “speakers” as the same tone code is
used by each one in turn. Try several tone codes.

It would be interesting to hear the result of having the computer
go through all of the tone codes by itself. To have it do this, change
the following lines in your program:
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220 FOR TN = 128 TO 254

340 NEXT TN

Remove line 280 from the program.
Now add the following program line:
360 GOTO 220

Here is the complete program. We have added extra spaces to
indent the FOR-NEXT loops for clarity:

200 POKE 36878, 15
220 FOR TN = 128 TO 254
240 FORX =0TO 2

260 POKE 36874 + X, TN
300 POKE 36874 + X, 0
320 NEXT X

340 NEXT TN

360 GOTO 220

Run the program. The tones will be fairly low at first, but you
should be able to hear the effect of using the same code in each
“speaker,” one after the other. Now add a time delay loop to your
program:

270 FOR M = 1 TO 20: NEXT M

You will be able to hear the effect of this simple program change.
Are you ready for take-off? Run the program

This interesting sound “effect” was created by increasing the
tone code and using each code in each of the “speakers.” There is
nothing very creative about this, but the result sounds interesting.
Try changing the limits of the FOR-NEXT loop at line 220 so only
the codes between 230 and 254 are used.

USING SOUND IN A PROGRAM

In the experiments, you saw how the computer can create dif-
ferent sounds, and how changes in the tones and in the volume can
create interesting effects. These effects can be used in programs to
add the sense of hearing to the experience of using a computer. In
a typical program, you may be asked to type in a value that the
computer will use in some way. If an incorrect value is typed in, a
sound could be used to tell you that there is a problem.
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In this program, you are asked to type in a value between 0 and
10000. If the value is outside those limits, the computer will ask for
another value. Sound has been used to alert you to an incorrect
value.

1000 INPUT “TYPE YOUR VALUE”; VA
1020 IF VA>=0 AND VA<=10000 THEN GOTO 1300
1040 POKE 36878, 15

1060 FOR Y=1 TO 15

1080 POKE 36876, 240

1100 FORT =1TO 50: NEXT T
1120 POKE 36876, 0

1140 FORT=1TO 20: NEXT T
1160 NEXTY

1180 PRINT “ONLY VALUES FROM”
1200 PRINT “ 0 TO 10000

1220 GOTO 1000

1300 REM VALUE IS OK, SO USE IT. . .

The IF-THEN command at line 1020 checks the value to see if it
is between 0 and 10000. If it is, the computer goes on to line 1300,
where the value is used in some way by the program. However, if
you have typed in a value that is outside the range 0 to 10000, the
computer generates a “warbling” tone using program lines 1040 to
1160. After generating the sound, the computer prints a two-line
message and you get another chance to type in a value. You can
type in this program and try it if you want to.

Sometimes several sounds are generated in a program for differ-
ent reasons. The warbling tone just described indicates an incor-
rect value has been entered. Other tones might tell you that an
answer to a question is correct or incorrect. Sounds can also be
used as “rewards” in teaching programs. Here are the input and
sound parts of a “multiple-choice” test program that uses three
sounds: a medium warbling tone when an incorrect value is typed
in, a high warble for a correct answer, and a low tone for an incor-
rect answer. This is not a complete program, but it shows how
tones can be used. Since the program is a bit complex, it has been
broken into segments for you.

1000 INPUT “YOUR ANSWER 1-4"; AN
1020 AN = INT(AN)
1040 IF AN>=1 AND AN<=4 THEN 2040
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1060 HT = 240 : LT = 0 : GOSUB 5010
1080 PRINT “ANSWERS FROM”

1100 PRINT “ 1 TO 4 ONLY”

1120 GOTO 1000

2000 REM PROCESS THE ANSWER HERE
2020 REM CA = CORRECT ANSWER VALUE
2040 IF AN <> CA THEN 2200

2060 PRINT “GOOD FOR YOU”

2080 HT = 240 : LT = 235 : GOSUB 5010
2100 GOTO...

2200 PRINT “INCORRECT”
2220 HT = 140 : LT = 130 : GOSUB 5010
2240 GOTO. ..

5000 REM SOUND GENERATOR SUBROUTINE
5010 POKE 36878, 15

5020 FORY =1TO5

5030 POKE 36876, HT

5040 FORT = 1TO 50: NEXT T

5050 POKE 36876, LT

5060 FORT = 1TO 20: NEXT T

5070 NEXTY

5080 POKE 36876, 0

5090 RETURN

This program expects you to type in a value of 1, 2, 3, or 4 as an
answer to a multiple-choice question. The computer inputs the
value and then uses the INT operation to remove any decimal
fraction. For example, 4.5 would be converted to 4. The program
checks to see if the value is between 1 and 4, and if it isn’t, a tone
is generated and a message displayed. You get another chance to
type in a value between 1 and 4.

The second part of the program checks to see if the answer, AN,
matches the correct answer, CA. If there is a match, a high tone is
generated and the computer goes on. If an incorrect answer is
found, a low tone is generated and the computer goes on.

In this sample program, the tone program-'is used as a sub-
routine, and the main program simply points the computer to the
subroutine to generate a tone. Each part of the program that uses
this must supply a high tone (HT) and a low tone (LT) code. This
simplifies the program quite a bit, and it means that by supplying
different high and low tone codes, different effects can be gener-
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ated with one subroutine. This example shows how sound can be
added to a program to increase its value to the person using it.

This program has also shown a good use for a subroutine. The
tone-creating instructions were used only once in the program, but
three parts of the program can use these steps.

NOISE

The noise “speaker,” SPKR4, is used to add noise, or “hiss” to a
sound. This is most often used in games and recreational programs
to create special “explosions,” “blasts,” and other sound effects.
There are not many other uses for “noise.”

Experiment No. 9-4. Making Noise

This experiment will give you a chance to see how “noise” can be
used for a sound effect in a simple computer program. The “noise”
sounds generated are really the mixture of a tone and some noise.
Clear your computer and type in this program:

200 POKE 36878, 15

220 FOR TN = 128 TO 254
240 POKE 36877, TN
260 NEXT TN

This program will cause the computer to have SPKR4 generate
each of its “noise” sounds, starting with the lowest one. Run the
program. Were you able to hear the tone increase? Was the sound
“noisy”? You should hear the tone increase, and it should sound a
bit “fuzzy.” Add the following time-delay program line to your pro-

gram:
250 FOR M = 1 TO 100: NEXT M

Run the program. Can you hear the noise as the tone increases?
You should be able to hear the noisy signal. You can press the
RUN/STOP key to stop the computer before it reaches the end of
the program so that a single “noise” can be heard. Run the pro-
gram again and as the tone is increasing, press the RUN/STOP
key. Can you hear the noise now? You can type CONT [RETURN]
to have the computer continue with the program.

Here is a sound effect you can try. Change line 220 to:

220 FOR TN = 200 TO 252
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and change line 250 to:
250 FOR M = 1 TO 10: NEXT M
Now add the following lines to your program:

280 FOR VL = 15 TO 0 STEP -1
300 POKE 36878, VL

320 FOR M = 1 TO 100: NEXT M
340 NEXT VL

The complete program is:

200 POKE 36878, 15

220 FOR TN = 200 TO 252

240 POKE 36877, TN

250 FOR M = 1 TO 10: NEXT M
260 NEXT TN

280 FOR VL = 15 TO 0 STEP -1
300 POKE 36878, VL

320 FOR M = 1 TO 100: NEXT M
340 NEXT VL

Run this program and listen to the effect. Remember that you’re
using only the noise “speaker” and the volume control in the VIC
20. Here is another program you can try. Clear your computer and
type it in:

100 POKE 36878, 15

120 POKE 36877, 215

140 FORT = 1TO 150: NEXT T
160 FOR VL = 15 TO 0 STEP —1
180 POKE 36878, VL

200 FORT =1TO 10: NEXTT
220 NEXT VL

Run the program and listen for the sound. You can add the fol-
lowing line to your program to get it to repeat the sound again and
again:

240 GOTO 100

Most often, noise is used in creating special sound effects. It is
not used too frequently in other types of programs. In any case, it
is one of the sounds that can be generated by the VIC 20 comput-

er.
In this chapter, you have learned how the VIC 20 computer’s
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“speakers” can be used to create, or “generate,” interesting
sounds. There are many interesting sounds that you can put to-
gether, and you can even turn the computer into a simple musical
instrument. There are several interesting sound programs in the
manual supplied with your computer.

QUESTIONS

1. How many sources of sound does the VIC 20 computer have?

2. What kinds of sounds can be created?

3. Can you control the volume of the sounds? If so, how do you do
it?

4. How many different tones can each “speaker” create?

5. Is there any overlap between the tones generated by each
“speaker”?

6. What is “noise”?

7. Can all of the sources of sound be used at the same time?

8. Can you suggest some uses for sound in computer programs?
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PROBLEMS

. Write a program that plays one of 10 possible tones when the

keys 0 through 9 are pressed. You can choose any tones that
you like, along with the volume value and the sound channel or
“speaker” used.

. Write a program that generates a “jet plane” (whoosh) sound.

Write a program that lets you enter numbers for one of the
“speakers.” Ordinarily, the numbers entered will be between
128 and 254. As these numbers are entered, they are stored in
an array until the number 99 is entered, at which time the
values entered will cause the appropriate sounds to be gener-
ated. Each tone should be played for the same amount of time.

. Modify your solution to Problem 3, so that along with the

values that are entered, a number that represents the dura-
tion of the tone can also be entered. Once the value 99 is
entered, the “tune” is played.

Modify the solution to Problem 4 so that as keys are pressed,
the appropriate tone is also generated. If the tone isn’t what
you want, you can enter other numbers. Only when the value 0
is entered is the tone value saved. The computer then lets you
enter the duration of the tone, which is then played. You can
continue to enter different “durations” until you get the proper
sound, at which time a 0 is entered so that the duration is
saved in the array.

. Write a program that generates random tones on a sound

channel, for random durations of up to one second per tone.
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Accessories for the
VIC 20

There are many useful accessories for your VIC 20 computer
that can be added to it so it can do new and interesting things.
These accessories range from plug-in cartridges to floppy-disk
storage systems, and their prices range from about $25 to several
hundred dollars. In this chapter, the plug-in cartridges, the cas-
sette recorder, the graphic printer, and the joystick control will be
discussed. You will be given some programs that you can use to
control the cassette to save information on it, and you will see how
you can use the joystick. Some printer control programs are also
listed for you.

Several experiments are provided in the cassette section, and
you can do these if you have a Commodore Cassette Unit and are
interested in how the cassette works. If you are only interested in
using the recorder to save and load programs, you can skip over
the cassette recorder experiments.

PROGRAM AND MEMORY CARTRIDGES

Plug-in cartridges are used to preprogram the VIC 20 with
ready-to-run programs for games, education, home finance, and
other uses. The cartridges measure about 14 ¢cm by 7 em (5.5 in by
2.75 in) and they plug into the large open slot in the back of the
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VIC 20 keyboard case. Typical cartridges are shown in Fig. 10-1,
and one of the cartridge cases has been opened so you can see what
is inside. The small rectangular device on the flat card is an elec-
tronic circuit that permanently stores the program instructions. A
cartridge is shown inserted into the VIC 20 computer in Fig. 10-2.

Most of the programs that are available in cartridges will “take
over” the computer so the special program starts as soon as the
computer is turned on. Other plug-in cartridges, such as the Ma-
chine Language Monitor (VICMON), a tool for advanced pro-
grammers, are started by using a special command. Although car-
tridges will hold programs almost forever, they can be destroyed if
you plug them in or take them out of the computer when the com-
puter is turned on. Turn off the power before a cartridge is
changed.

Many programs are available in cartridge form, so it is easy (but
not necessarily inexpensive) to have many interesting programs
that can be plugged in and used quickly. Most of the popular com-
puter magazines contain advertisements for companies that pro-
duce cartridges for the VIC 20 computer.

The available storage space in the VIC 20 computer is about
3500 characters, and this is a bit small for some programs that are
long, complex, or require extra space to store a lot of information.
Special memory cartridges can be used to expand the “memory
space” of the VIC 20 up to about 16,000 characters. This is gener-
ally enough for most uses. People who use computers a lot use the
abbreviation “K” for one thousand, particularly when they are talk-
ing about the available “memory space” in a computer. So, 16,000

Fig. 10-1. Typical plug-in cartridges for the VIC 20.
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Fig. 10-2. A cartridge inserted into the VIC 20.

becomes 16K and it is pronounced, sixteen kay. (Actually, one “K”
of memory contains 1024 characters, so 16K is 16,384 characters.)

“Memory cartridges” are available from many manufacturers,
some of whom are listed at the end of this chapter.

THE CASSETTE UNIT

Besides plug-in cartridges, you will find that the cassette re-
corder is one of the most useful accessories for your computer. The
cassette recorder is called the C2N Cassette Unit by Commodore,
and it is easily connected to the computer, as shown in Fig. 10-3.
The C2N cassette recorder was designed specifically to work with
the VIC 20 computer, and a regular audio cassette recorder cannot
be used instead without modifications or extra add-ons. We will
call the C2N Cassette Unit the cassette recorder, or just recorder.
(At the computer end of the connecting cable, you may find a long
piece of silver, braided wire. This is not used in VIC 20 systems,
and you can let it hang free, or you can tape it to the cable to keep
it out of the way.)

The cassette recorder is easy to use and it will let you save both
programs and information so that they can be put back into the
computer at another time. Many commercial programs are avail-
able on cassette tapes instead of in cartridges, so you will need the
recorder if you want to use these programs.

BASIC programs that you have written can be stored for later
use by recording them on a cassette tape. This is easy to do, and
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Fig. 10-3. The cassette recorder connected to the VIC 20.

you can store several programs on one cassette tape. Good audio-
quality cassette tapes are recommended. Since it is unlikely that
you will record an hour’s worth of information, you can use the
shorter audio cassettes, marked C-5 (5 minutes) or C-10 (10
minutes).

Instructions that tell you how to store a program on the cassette
tape are contained in your computer instruction manual, and in the
C2N Cassette Unit instruction manual. Three commands are used:
SAVE, LOAD, and VERIFY. The VIC 20 saves your program
twice on the tape, placing the second recording right after the
first. In case of a problem with one, the second can be used as a
backup.

After a program has been recorded, the VERIFY command can
be used to check the tape to be sure that the program has been
recorded correctly. We recommend verifying your programs, even
though it takes a little extra time to rewind the tape and have the
computer check it.

When programs are saved, verified, and loaded, you can give
them a name so that they can be easily identified by the computer.
If you are putting only one program on each tape, you don’t need
to do this, but be sure you carefully label each cassette. In any
case, putting a name on the tape right along with the program
makes the program easy to identify and locate. The name may
have up to 16 characters, and any of the VIC 20’s characters, num-
bers, letters, or symbols may be used. Unlike labels used in your
programs, the VIC 20 uses all 16 characters in a name to locate a
program on a tape.
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SAVING INFORMATION ON A CASSETTE

The SAVE, LOAD, and VERIFY commands are used only to
save, load, and verify programs. If you want to use the cassette
recorder to save information, such as values and strings, you will
have to use two new commands, OPEN and CLOSE. The recorder
can be thought of as a drawer that will hold your information. Be-
fore you can use it, it must be opened, and when you are finished,
it must be closed. The OPEN and CLOSE commands are used to
control some of the other VIC 20 accessories, and each accessory
has been given a number so the computer knows which one is
being used. The computer has preset the cassette recorder to be
device #1. The computer uses device code #1 for its own purposes,
and you don’t have to be concerned with this number.

When the recorder is to be used, the computer must be told
whether you are going to put information on the tape; that is,
“write” information, or whether you are going to get information
from the tape; that is, “read” information. The read and write op-
erations each have their own code: 0 for read and 1 for write.

Information is stored on the tape as a “file,” and you can give
each of your information files a “file name” so they are easy to
locate. This means that several files can be saved on the same cas-
sette tape. The command to “open” the cassette recorder looks like
this:

OPEN your id number, 1, read/write code, “file name”

Once a device, such as the cassette recorder, has been “opened,”
you can refer to it by using the identification (id) number you gave
it in the OPEN command. This makes it easy to point the comput-
er to the cassette recorder when you want information transferred
back and forth. Here is a typical example of how the OPEN com-
mand is used:

OPEN 9,1,1,“BANK”

This command tells the computer to “open” the cassette recorder
so that a file named “BANK?” can be recorded on a tape. The cas-
sette recorder is identified as #9. This number was chosen at ran-
dom, and another number would do just as well, for example:

OPEN 12,1,1,“BANK”

Once information has been placed on a tape, the cassette re-
corder must be “closed” until you want to use it again. The CLOSE

263



command is simple; CLOSE9 for the first example and CLOSE12
for the second one.

Getting information to and from a tape is very easy. The PRINT
and INPUT commands are used, just as they were when informa-
tion was displayed on the TV screen and input from the keyboard.
The only difference is that you identify the recorder by using the
identification number you gave it in the OPEN command. When
the INPUT and PRINT commands are used with the keyboard and
the screen, identification numbers are not used. Here is an exam-
ple in which 100 data values are saved on a cassette tape with the
file name “NUMBERS.” The recorder has been given the iden-
tification number, 9:

120 OPEN 9,1,1,“NUMBERS”
140 FOR NB =1 TO 100
160 PRINT NB

180 PRINT#9, NB

200 NEXT NB

220 CLOSE 9

The OPEN command tells the computer to set up the cassette
recorder so that the file called “NUMBERS” can be recorded on
the tape. It also tells the computer that you are going to call the
recorder “#9” later on in your program. The PRINT#9, NB com-
mand tells the computer to “print” the value labeled NB on the
tape. Once all 100 values have been recorded, the CLOSE 9 com-
mand tells the computer that you are finished with the cassette
recorder. :

It is your responsibility to place a cassette tape in the recorder,
rewind the tape to the start, and follow the directions that the
computer automatically displays on the TV screen. We recommend
that you practice recording and loading some simple programs
using the SAVE, VERIFY, and LOAD commands before you try
using the recorder to save other types of information.

Most audio-quality cassette tapes have a clear or colored plastic
“leader” at the start of the tape. If you rewind a tape, you can see
this leader in the opening in the side of the plastic case. The com-
puter will generally go past the leader before it starts to record
information. However, if you have difficulty getting information
stored on the tape, we recommend rewinding the tape and reset-
ting the counter wheels on the cassette recorder (press the small
black button). This will put the count to 000. Now “play” the cas-
sette until the count reaches the 010 mark. This should advance
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the tape past any plastic leader so the tape is ready to record in-
formation.

Getting information back off a tape is not difficult. The difference
is that the recorder must be “opened” so that the information can
be read, and an INPUT command must be used to read the infor-
mation from the tape:

500 OPEN 9,1,0,"NUMBERS”
520 INPUT#9, DV

540 PRINT DV

560 GOTO 520

The read/write code in the OPEN command is now a 0, since this
program reads information from the cassette recorder into the
computer. This particular program will read information from the
tape, but it will never stop. There are no instructions in the pro-
gram or on the tape that tell the computer there is no more infor-
mation on the tape.

When information is read from the tape into the computer, the
computer must have a way of knowing that all of the information
has been received. In the preceding example, only 100 values were
saved, so a FOR-NEXT loop could be used to count the values as
they are received. Here is a program that shows how this can be done:

500 OPEN 9,1,0,"NUMBERS”
520 FOR NV = 1 TO 100
540 INPUT #9, DV

560 PRINT DV

580 NEXT NV

600 CLOSE 9

Now the computer searches the tape for the file called “NUM-
BERS” and uses a loop to count off the first 100 values from it.
After these values have been received, the CLOSE command
turns off the recorder and “closes” it so it can be used later. The
information from the tape doesn’t have to be displayed. It can be
placed in an array, or used in some other way.

Experiment No. 10-1. Saving Information
In this experiment you will find out how you can save informa-
tion on a cassette tape so that it can be used later by the computer.
You will need a C2N Cassette Unit (recorder) and a blank audio

cassette tape in this and the following cassette experiments.
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Turn off your computer and be sure that the cassette unit is
properly connected to the VIC 20. If it is not connected, refer to
the operating instructions that came with the cassette unit. Once
the recorder has been connected and checked, continue to the next
step.

There is an opening on the cassette tape and you can see the
narrow, brown tape or plastic leader pass through it. On the oppo-
site edge of the cassette, you will see two square areas near the
corners. To use the cassette in this experiment, there must be
plastic tabs in these square areas. If either of the plastic tabs is
missing, leaving a square hole, another cassette must be used. A
broken tab will prevent you from recording information on the
tape.

Turn on your computer, place the cassette tape in the recorder,
and rewind it by pressing the REWIND button. After the tape has
been rewound, press the STOP button. Clear your computer for a
new program and type in the following program:

100 OPEN 7,1,1,“DATA”
120 FOR DV = 0 TO 100
140 PRINT DV

160 PRINT#7, DV

180 NEXT DV

200 CLOSE 7

Run the program. The computer will display a message on the
TV screen telling you to press the RECORD and PLAY buttons
on the recorder. Press these buttons at the same time. They should
both stay down. What does the computer do? A message, “OK,” is
displayed on the TV screen and the recorder starts running. It
runs for several seconds and then stops. After it stops, the num-
bers start to be displayed on the TV screen. Do the numbers im-
mediately go up to 100? Eventually they do, but they go up to
about 40 first and then the recorder runs for a while. When the
recorder stops, the numbers go up to about 78 and the recorder
starts again. When the recorder stops, the numbers go up to 100
and the recorder starts again. When the recorder finally stops, the
READY message is displayed on the TV screen.

When the READY message is displayed, press the STOP button
on the recorder and rewind the cassette tape. You have saved the
numbers from 0 to 100 on the tape. In the next experiment you will
find out how you can read the numbers back into the computer.

In this experiment, you found that when the recorder is
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“opened” so that you can save information on a tape, the recorder
immediately starts running. The computer runs the tape forward a
bit to put some space between the last file that was recorded, if
any, or to get past any plastic leader at the start of the tape. The
computer also puts the name of the data file on the tape so it can be
identified later when you want to read it.

The computer did not wait for all of the information to be dis-
played before it started to record the information. The computer
works much the way we do when we use a clothes washer. We
don’t wash each piece of clothing, one at a time, we wait until we
have a full load and then run the washing machine. The computer
does not record each value, one at a time. Only when the computer
has enough information will it send a complete “block” to the re-
corder. This saves time and space on the tape.

Once the computer has accumulated a complete “block” of infor-
mation, it automatically records the information on the tape. If the
computer doesn’t have a full “block” of information to be recorded,
it will not send the information to the recorder until it reaches a
CLOSE command that “closes” the recorder. This is why the
CLOSE command is so important. It causes the computer to save
any last pieces of information that don’t make up a complete
“block.”

Experiment No. 10-2. Getting Data from the Cassette

In this experiment, you will see how data stored on a cassette
tape can be read into the computer. Clear the computer for a new
program. The cassette tape prepared in the previous experiment
will be used in this experiment. If you don’t have a tape with that
information on it, go back and do Experiment No. 10-1. Load the
following program into your computer:

300 OPEN 8,1,0,“DATA”
320 FORL =0TO 100
340 INPUT#8, DV
360 PRINT DV

380 NEXT L

400 CLOSE 8

Be sure that your tape has been rewound, then run this program
(RUN 300 or GOTO 300). The TV screen will display a message
telling you to press the PLAY button on the cassette recorder.
Press only the PLAY button! It should stay down. The OK mes-
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sage is displayed on the TV screen, the recorder starts to operate,
and the computer is now searching for the file named “DATA.”
When the computer has located DATA, you will see the recorder
start and stop as “blocks” of information are read into the com-
puter and displayed on the TV screen. Change the following line in
your program:

320 FOR L = 200 TO 300

Rewind the tape and run the program again. The same display of
numbers from 0 to 100 should be seen on the TV screen. The loop
count values were changed just to show you that these values and
the values stored on the tape are not related. Change line 300 to:

300 OPEN 8,1,0,"NMBR”

Rewind the tape and run the program. What happens? When the
PLAY button is pressed, the OK message appears on the TV
screen and the recorder starts to operate. The recorder continues
running, but no values are displayed.

Stop the recorder and rewind the tape. Do you know why no
values were displayed? The information was recorded on the tape
as a file called “DATA.” The computer is told to “open” the re-
corder for a read operation, and to look for a file called “NMBR.”
The computer comes across the DATA file, but it cannot find
NMBR. The computer will continue searching for NMBR right up
to the end of the tape! Change line 300 back to:

300 OPEN 8,1,0,“DATA”
and change line 320 to:
320 FORL =0TO 50
Now the program looks like this:

300 OPEN 8,1,0,DATA”
320 FORL = 0TO 50
340 INPUT#8, DV
360 PRINT DV

380 NEXTL

400 CLOSE 8

Rewind the tape and run this program. Follow the directions for
the cassette recorder displayed on the TV screen. What values are
eventually displayed? Only the values from 0 to 50 are displayed.
Even though there is more information on the tape, you can take
only a small part of it if that’s all you want.
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In this experiment you saw how the computer could read infor-
mation from a cassette tape. The file name used in the OPEN
command must match a file name used to record information on the
tape. A loop was used to control the amount of information taken
from the tape.

In some cases, you may not know ahead of time how much in-
formation is to be stored in a file, so some flexible and adaptable
method of reading and writing must be used. A special value or
character can be put at the end of a file so that when the computer
reads the character, it knows that the end of the file has been
found. Here is a sample program that gets strings of characters
from the keyboard and puts them on the tape in a file called
“STRING.” When the computer gets a one-character string, *,
from the keyboard, the computer stops. The asterisk is the last
character in the file named “STRING”:

200 OPEN 9,1,1,“STRING"”

220 INPUT W$

240 PRINT#9, W$

260 IF W$ <> “*” THEN GOTO 220
280 CLOSE 9

Here is how the strings can be read back into the computer:

500 OPEN 9,1,0,“STRING”

520 INPUT#9, W$

540 PRINT W$

560 IF W$ <> ‘“*” THEN GOTO 520
580 CLOSE 9

In this program, the computer tests each string to see if the
string is a single asterisk. If it is, the end of the file has been
found, and there is no more information to get from the tape. The
program “closes” the recorder as the last operation, so the re-
corder can be used somewhere else in the program. A “marker” is
used to end a cassette tape file when you don’t know how much
information is to be saved.

Experiment No. 10-3. Saving Strings on a Tape
Saving strings of different lengths on a cassette tape isn’t dif-
ficult. You will see how it is done in this experiment. You will also

see how a “marker” is used to end a file. Clear your computer for a
new experiment and rewind the tape in the cassette recorder.
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Type the following program into your computer:

200 OPEN 9,1,1,“STRING”

220 INPUT CS$

240 PRINT#9, CS$

260 IF CS$ <> “*” THEN GOTO 220
280 CLOSE 9

This program will let you type in a string, which will then be
saved on the tape. If you type an asterisk, *, it will be saved on the
tape, too, but it will also cause the computer to go to line 280. The
CLOSE 9 command “closes” the recorder and records any remain-
ing information that doesn’t make up a complete “block.”

Start the program and follow the instructions on the TV screen
for the recorder. The recorder will run for several seconds, and
then a question mark will be displayed on the TV screen. When
you see the question mark, type in your strings. Remember to end
each string by pressing the RETURN key. Type in several
strings, such as:

? THIS IS AN EXPERIMENT

? MY NAME IS FRED

? MY ADDRESS IS GREENLAWN
? WHAT TIME IS IT?

When the next question mark appears on the TV screen, type *
[RETURN]. What happens? The recorder will probably run for a
while, and then the READY message will appear on the TV
screen. When the READY message appears, rewind the tape.

Clear your computer and type in the following program; it will
be used to read the strings from your tape:

500 OPEN 9,1,0,STRING”
520 INPUT#9, RS$

540 PRINT RS$

560 GOTO 520

Rewind the tape, then run the program and follow the instrue-
tions displayed on the TV screen. After pressing the recorder con-
trols and giving the computer a chance to get the information from
the tape, what is displayed on the TV screen? You should see your
original strings displayed on the TV screen. You may see other
information, too, or you may get an error message, such as:

?STRING TOO LONG
ERROR IN 520
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Why do you think the other information or the error message
was displayed? There may be other information left on the tape
from old programs, or data that were saved sometime earlier. The
program does not have any way of knowing where to stop the tape,
so it keeps the recorder running, reading this “unknown” informa-
tion from the tape. To stop this from happening, the program
needs to be changed to look for the asterisk. Here are the program
lines to add to your program:

560 |IF RS$<>**" THEN GOTO 520
580 CLOSE 9

Rewind the tape and run the program again. What do you see on
the TV screen when the recorder finally stops? The original strings
are seen. No other information or error message is seen. When the
computer saw that an asterisk had been received from the tape,
the program “closed” the recorder and stopped it. Save your tape
with the STRING file on it for use in the next experiment.

THE CASSETTE AND THE GET COMMAND

The GET command is used to get individual characters from the
keyboard, and the GET command can do the same thing with a
cassette tape. (You may remember that the GET command gets a
“null” or “nothing” character if a key isn’t pressed when the com-
puter “looks” at the keyboard.) When used with the recorder, the
GET command gets characters from the tape, one at a time. There
are no “null” characters between the characters on the tape, or
anywhere else in the information. Since the GET command gets
single characters from the tape and the keyboard, strings and
values must be put back together from the individual characters.
Short BASIC programs can be used to do this.

In most cases, the INPUT command will be used to control the
recorder, since this command gets a complete string or a complete
value from the tape. When the INPUT command is used, no spe-
cial operations are needed to put the information back in a mean-
ingful form.

It isn’t difficult to end a file with a “marker,” and this can be
done with a few extra software steps. However, if you are using a
tape that contains information from someone else’s VIC 20 com-
puter, you may find that they didn’t put a “marker” at the end of
their data files. Don’t worry, since the VIC 20 automatically puts a
null character at the end of each data file. The null character can be
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looked for as a file is read from the tape using a GET command.
Here is how it can be done for strings:

700 OPEN 9,1,0,“STRING”

720 GET#9, R$

740 IF R$=""" THEN GOTO 800
760 PRINT R$

780 GOTO 720

800 CLOSE 9

820 etc...

This program gets individual characters from the tape and
checks each one to see if it is a null. If it isn’t a null, the program
displays the character and gets the next one. If a null is found,
that’s the end of the file, so the recorder is “closed” and the pro-
gram ends. The value of the GET command is in getting informa-
tion from a tape when you don’t know how much information there
is in a file.

When this technique is used with values that have been stored
on a tape, the program is more complex, since individual digits
must be put back into strings, and the strings converted to the
values originally stored. Here is how it is done:

1000 OPEN 7,1,0,“STRING” : B$ = “”

1020 GET#7, H$

1040 IF H$ = CHR$(13) THEN GOTO 1140
1060 IF H$ = “” THEN : CLOSE 7 : GOTO 1200
1080 B$ = B$ + H$

1100 GOTO 1020

1120 REM GET THE VALUE OF THE STRING
1140 X = VAL(B$) : B$ = "

1160 PRINT X

1180 GOTO 1020

1200 etc...

This program first “opens” the cassette and then “clears” the
string labeled B$. The computer checks for two conditions. If a null
character is received from the tape, the computer stops the re-
corder and goes to the program steps starting at line 1200. When
the computer puts values or strings on a tape with a PRINT#-type
command, it places a RETURN character between the values or
strings to separate them. The return character is CHR$(13), and if
it is found, it means that the computer has reached a “separator”
between two values or strings that have been put on the tape. The
computer then converts the string of individual digits into a real
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value, X. This value is displayed, but something else could have
been done with it, too. Perhaps it could be stored in an array for
later use. The B$ = “” operation clears the string B$ so it starts
“empty” for the next string that is to be converted to a value.

Experiment No. 10-4. Using the GET Command
with the Recorder

This experiment will demonstrate how the GET command can
get individual characters from a tape. The cassette tape with the
STRING file from the previous experiment will be used. If you do
not have a cassette tape with that file on it, go back and do the
previous experiment. Clear your computer for a new program and
type in the following program:

400 OPEN 9,1,0,“STRING”
420 GET#9, H$

440 PRINT H$

460 GOTO 420

Rewind the tape and run the program. Follow the directions
displayed on the screen for the recorder. You can use the CTRL
key to slow down the speed of the display. What is displayed? The
screen displays the original strings, one character at a time, with
the characters going down the left side of the TV screen. Does the
program or the recorder stop? The recorder continues to run, and
no READY message is seen on the TV screen. If your tape was
used previously to store other information, you may see other
characters displayed on the TV screen, too.

The GET command gets individual characters from the tape. It
does mot put the characters together to form the complete strings
that you originally put on the tape. Here is a new program you can
use to link the individual characters back into the original strings:

400 OPEN 9,1,0,“STRING”

420 GET #9, H$

440 |IF H$ = CHR$(13) THEN GOTO 600
460 IF H$ = “ THEN GOTO 700

480 TS$ = TS$ + H$

500 GOTO 420

600 PRINT TS$ : TS$ =
620 GOTO 420

700 CLOSE 9
720 END
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This program gets the individual characters from the tape.
Characters are linked at line 480 into a total string, TS$. If a RE-
TURN character, CHR$(18), is found, that means that the end of a
string has been found, and the complete string can be displayed
(line 600). The TS$ string is reset to “nothing” to give it a fresh
start for the next string.

If a null character is found, that means that the end of the file
has been found and the recorder is “closed.”

Rewind your tape and run the program. You should see the
complete strings displayed on the TV screen.

A program to do basically the same thing with values stored on a
tape has been provided in this section. The only extra operation
needed for values is to convert from a string of digits to a real
value that the computer can use.

The recorder will not be used again in this chapter, so you can
remove the tape and disconnect the recorder, if you want to, but
turn off the power first.

Some of this programming is a bit advanced, but it is useful. For
example, if you are trying to keep track of household expenses for
the last 12 months, it would be a lot of work to type in many of the
same values every month. By using the recorder, you can save the
values for the past 12 months on a tape. You can also save your
household calculation program, so everything is on one cassette
tape. Student grades, sales reports, car expenses, patient infor-
mation, and other things can be stored on a tape using the types of
programs shown in this section.

THE GRAPHIC PRINTER

The Commodore VIC-1525 Graphic Printer is a useful accessory
for your VIC 20 computer, since the printer gives you the oppor-
tunity to actually print information, program listings, and graphics
on a sheet of paper. The user’s manual supplied with the printer is
fairly complete, so we won’t go into details about connecting the
printer to the computer or setting it up. We will give you some
information about how the computer and printer are used to-
gether.

The printer is a dot-matrix printer that uses small needles to
form the individual characters. The dots are used in a 6-column,
T-row format, as shown in Fig. 10-4 for the letter “R.” The printer
can print 80 characters in a line, which is fairly standard among
computer printers. The printer can duplicate all of the characters,

274



THIS COLUMN ALWAYS BLANK
TO SPACE CHARACTERS

Fig. 10-4. A 6 by 7 dot matrix for the letter “R.”

symbols, and graphic characters that can be displayed on the TV
screen, and characters can be printed in “reverse,” too. Of course,
the printer can’t print in color.

STARTING THE PRINTER

The printer is just like the cassette recorder in that it must be
“opened” and “closed” with the OPEN and CLOSE commands.
The VIC 20 computer can use up to two printers, and device codes
4 and 5 have been set aside for them. If only one printer is to be
used, code 4 should be used, and this is set on a small switch on the
back of the printer where the computer-printer cable is connected.
The OPEN command for the printer looks like this:

OPEN your id number, 4, character set code

The identification (id) number you assign to the printer can be
anything you choose, as long as it hasn’t already been used to
identify some other device, such as the cassette recorder. The
character set code is also a secondary address, and it lets you
select the set of characters that will be displayed on the printer.
Commodore calls these two sets of characters the “CURSOR UP”
and “CURSOR DOWN?” sets. The CURSOR UP set is the one
normally used on the TV screen (Set 1), and it has a code of 0. The
CURSOR DOWN set has a code of 7, and it corresponds to Set 2
for the TV screen display. Here are examples of the OPEN com-
mands for both character sets:

OPEN 33, 4, 0 (id #33, Set 1 characters)
OPEN 52, 4, 7 (id #52, Set 2 characters)
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The identification numbers, 33 and 52, have been chosen at ran-
dom.

The printer can be used to get a printed result from a program,
and this is often called “hard copy,” which just means that you can
hold onto the copy and save it for later use. The PRINT# com-
mand is used to control the printer, and here is an example of a
simple program that prints 10 numbers on a line:

100 OPEN 46, 4, 0
120 FORT =1TO 10
140 PRINT#46, T;
160 NEXT T

180 CLOSE46

The semicolon supresses the printer’s line feed, so that all of the
numbers are printed on one line. When this program is run, the
numbers are not printed on the TV screen. They are only printed
on the paper in the printer. Since it is often better to test a pro-
gram using the TV screen (it’s faster and doesn’t use paper), it will
be a bother to try and convert all of the PRINT commands to
PRINT# commands when you want to switch over to the printer
for a “hard copy” of the program results.

The CMD command lets you switch all of the printing operations
over to the printer, and only a single CMD command is needed,
right at the start of the program. For example, the following pro-
gram can be used to print a message on the TV screen:

200 PRINT €6 sk sk 3 ok sk 3k 3k 3k ok 3k 3k ok dk 3k ok ok ek ok ok ok ok ke ok ke ke k)
220 PRINT *“*
240 PRINT “*  TEST MESSAGE  *~
260 PRINT “*
280 PR'NT §6 3k 3k sk sk %k 3k 3k s 3 ok 3k 3k 3k ok K ok %k 3k ok ok ok ok ok ok k ok kY

Two commands can be added to this program so that the mes-
sage is printed on the printer, instead:

160 OPEN 43, 4,0

180 CMD43

200 PR'NT 66 sk 3k ok ok %k ok %k %k %k ok ok ok %k %k %k 3k 3k 3k ok %k ok ok dkok ok ok k!
220 PRINT “* 50
240 PRINT “* TEST MESSAGE 1
260 PRINT “* £
280 PR'NT § 6 3 3k 3k ok ok 3k 3k ok ok 3k ok 3k 3k ok sk ok sk sk ks kosk sk ok ok ok kd?
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The CMD43 command switches all of the PRINT commands to
print their information on the device we've called 43; the graphic
printer. Since the printer can print 80 characters on a line, long
printing lines such as those shown here will “wrap around” on the
TV screen when the program is listed.

When the CMD command is used, all of the printing is switched
over to the printer, so even the READY message will be printed
on the paper. To switch the computer back to the TV screen, you
simply use a PRINT#43 command at the end of your programs.
(We assumed that your id #43 is still being used, as in the preced-
ing examples.)

Here is another example of how this can work when a line of
letters, A-Z, is printed on the printer:

500 OPEN 43,4,0

520 CMDA43

540 FOR LT = 65 TO 90
560 PRINT CHRS$(LT);
580 NEXT LT

600 PRINT#43

620 CLOSE43

The OPEN and CMD commands set up the printer and switch
printing over to the graphic printer. The letters are printed on a
line, and the PRINT#43 command is a “dummy” command that
switches back to the TV display for normal computer use. The
CLOSE command simply “closes” the printer, since it won’t be
used again in the program.

The CMD command is useful when you want to print everything
on the printer. If you want to print some information on the
printer and some on the TV screen, you will need to use the
PRINT and PRINT# commands individually.

In the preceding printing program, the CHR$ command was
used to “convert” a value into its equivalent string character, 65 =
A, 66 = B, and so on. The VIC-1525 printer uses some special
string characters to set it up for special printing operations. The
codes are listed in Table 10-1.

For example, the CHR$(14) “character” sets the printer so that
it prints double-wide characters. The double-wide characters are
useful for labeling tables, charts, and figures, and for chapter head-
ings in manuscripts and reports.

There are also CHR$ “characters” that can be used to switch to
and from the CURSOR UP and CURSOR DOWN sets of char-
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Table 10-1. Special Printer Control Codes for the VIC-1525
Graphic Printer

Code Description
CHR$(8) Enter graphics mode!
CHR$(10) Line feed after printing
CHR$(13) Carriage return?
CHR$(14) Start double width
CHR$(15) Start standard width
CHR$(16) Tab setting*
CHR$(17) Cursor Down (Set 2) characters
CHR$(18) Start reverse printing
CHR$(26) Repeat graphics!

CHR$(27) Specify dot address!
CHR$(145) Cursur UP (Set 1) characters
CHR$(146) End reverse printing

IThese operations require additional commands or information.
2Carriage-return returns printing head to the start of the same line, without advancing the
paper.

acters, set printing positions, and display graphic information on
the paper.

You can list your programs on the printer once it has been
opened. The following can be typed in to do it:

CMD43 : LIST [RETURN]

This tells the computer to send the listing to the printer. How-
ever, when the listing has been completely printed, the READY
message will be printed on the printer and not on the TV screen.
To switch back to the TV, just type:

PRINT#43 [RETURN]

and the computer will again use the TV screen.

The use of the printer to print the standard graphic symbols
found on the keyboard is not difficult, and these characters can be
put right in PRINT and PRINT# commands. The printer can also
be used to print complicated graphs and special characters that can
be set up in programs.

Although there are several examples in the printer user’s man-
ual, we don’t recommend that you try and use or understand these
programs, since they are quite complex, and it won’t be obvious
from the program listings what is being done. The special graphics
modes for the printer aren’t the type of thing that we’d recommend
to beginners who are just becoming familiar with BASIC programs
and the BASIC commands.
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THE JOYSTICK CONTROLS

The joystick is another useful accessory for your VIC 20, since it
is used in many games to move a “player” or other object on the
TV screen. A typieal joystick is shown connected to a VIC 20 com-
puter in Fig. 10-5. The connector on the VIC 20 is marked “CON-
TROL PORT.” The joystick unit contains four switches that are
attached to the “stick,” and as the stick is moved, the switches are
actuated. The four switches are located in the NORTH, EAST,
SOUTH, and WEST positions, as shown in Fig. 10-6. The joystick
can be placed in between adjacent positions, actuating two
switches, so the NORTHWEST, NORTHEAST, SOUTHWEST,
and SOUTHEAST positions are possible, too.

Most joysticks have a “fire” or control button that is used to tell
the computer to shoot missiles, launch rockets, and cause other
things to happen. This control button is a separate switch that is
independent of the joystick, and it can be pressed at any time.

Although joysticks are most frequently used with games, they
have other uses, too. For example, the joystick might be used to
point to answers in a multiple-choice test. Instead of numbering
the possible answers, they are places in NORTH, SOUTH, EAST,
and WEST positions on the TV screen. Moving the joystick moves
a colored square to the selected answer, and pressing the control
button enters the answer into the computer. People who have lim-
ited physical movement can control many things with a simple
joystick, having the computer make decisions based on the joy-
stick’s position. The joystick can be used in more ways than as a
simple game control.

The five joystick switches are electrically connected to the com-
puter, and they can be “looked at” by using a BASIC program.
Like the display map, the joystick has its own set of “addresses,”
so the position switches and the control button can be checked.
Here is a program that can be used to give the positions of the
joystick and the control button, as values:

1000 REM SET UP JOYSTICK MAP
1020 PA = 37137 : PB = 37152
1040 POKE 37139, 0

1060 POKE 37154, 127

1080 REM GET POSITION VALUES
1100 TH = PEEK(PB) AND 128
1120 TL = PEEK(PA) AND 28

1140 JS = TH/16 + TL/4
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Fig. 10-5. A joystick connected to the CONTROL PORT on the VIC 20.

TOP VIEW (SWITCH 0)
NORTH
A
NORTHWEST NORTHEAST
(SWITCH 2) _ _ (SWITCH 3)
WEST —>  EAST
SOUTHWEST SOUTHEAST
Y
(SWITCH 1)
SOUTH

CONTROL BUTTON (SWITCH 4)

Fig. 10-6. Joystick positions can be related to compass directions.

1160 FB = (PEEK(PA) AND 32)/32

1180 PRINT JS, FB
1200 GET A$ : IF A$ = “S” THEN POKE 37154, 255 : END

1220 GOTO 1100

This program will display values that correspond to the positions
shown in Fig. 10-7. These values can be used in IF-THEN or ON
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10 6

Y
13

BUTTON PRESSED, FB=0
BUTTON NOT PRESSED, FB=1

Fig. 10-7. Joystick positions and values for the BASIC control program.

commands to tell the computer what to do with the different joy-
stick positions (JS). The control button value (FB) will be 0 when
the button is pushed, 1 when it isn’t. This progam displays the
values of JS and FB on the TV screen. (NOTE: If you decide to
use a program such as this to determine the position of the joystick
and the conrol button, you must clear the joystick map with the
POKE 37154, 255 operation, as shown at line 1200, when your
program finishes using the joystick. In the example program, sim-
ply press the “S” key to stop the program and clear the joystick
map.) If you forget to do this, the keyboard won’t work properly,
and yow’ll have to press the RUN/STOP and RESTORE keys at
the same time to reset it.

You may clear your computer for a new program and type in the
joystick program if you want to see how the joystick works. Plug
your joystick into the CONTROL PORT connector on the right
side of the computer’s keyboard case, as shown earlier in Fig. 10-5.

There are other ways to figure out the position of the joystick,
and one is listed in the VIC 20 Programmer’s Reference Guide,
along with more information about exactly how the joystick works.
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SUPPLIERS AND DISTRIBUTORS OF PLUG-IN CARTRIDGES
AND PROGRAM CASSETTES FOR THE VIC 20 COMPUTER

Academy Software Micro-Ware Distributing, Inc.

P. O. Box 9403 1342 B Route 23
San Rafael, CA 94912 Butler, NJ 07405
415-499-0850 201-838-9027

Human Engineered Software
71 Park Lane
Brisbane, CA 94005

Microphys Programs
1737 West Second Street
Brooklyn, NY 11223

Micro Systems Development, Inc.

11105 Shady Trail, Suite 104
Dallas, TX 75229
1-800-527-5285
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Precision Technology, Inc.
P. O. Box 15454

Salt Lake City, UT 84115
801-487-6266

Pyramid Computerware
278 Warren Street
Edgewater Park, NJ 08010
609-386-9353

Skyles Electric Works
231G South Whisman Road
Mountain View, CA 94041
415-965-1735
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Computer Care—
Hardware and Software

By taking good care of your computer, you can extend its useful
life by many years, and it will reward you with good service and
operation. Most “computer care” is common sense, but most com-
puter users ignore this important area, and they are more likely to
take better care of garden tools and household appliances. Taking
care of your computer also means a careful evaluation of software
for it. In the last part of this chapter, we will suggest some ways
to evaluate software products to be sure you get what you want.
Some of this evaluation is common sense, too, and other people
may have their own ways of testing and checking software.

HARDWARE CARE

One of the first things to do is to protect the computer from
physical abuse. If youngsters are going to use the computer to play
games, for educational programs, or something else, they need to
be told that the computer is a delicate piece of electronic equip-
ment, and that it must be taken care of. Most people need to be
reminded of this from time to time, since as they become more and
more familiar with the computer, they will take it for granted. Be
sure that users don’t bang on the keys or hit the computer if some-
thing goes wrong. As silly as it sounds, it does happen.
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A Special Place

A good way to protect your computer is to set aside a special
place for it. If you are using the computer on the kitchen table,
there is always the possibility of dropping or damaging the com-
puter when it is put away during meals or other activities. On the
other hand, if a desk or small table can be set aside for your “com-
puter center,” this will decrease the possibility of damage to the
computer since it won’t be moved as much.

Once your computer has been set up in a special place, you’'ll
have a convenient place for all of the other computer materials that
you're bound to collect; books, magazines, program cartridges,
cassettes, and so on. A neat, logical layout is helpful, and storage
bins or small sets of drawers are recommended as a way of organiz-
ing your materials. A disorganized work area means that program
listings, cassettes, and special notes can be lost or damaged under
the “junk pile.”

Cassettes and disks store information and programs using small
magnetic material. If you don’t take good care of the cassettes and
disks, the information on them can mysteriously disappear. Don’t
leave cassettes and disks near electrical equipment, and don’t put
them on top of the computer or TV set.

Most cassettes come in their own plastic cases. Be sure that the
cassettes are returned to the cases when you are finished using
them. Don’t leave a cassette in the recorder for any longer than is
necessary. Disks and cassettes can be further protected by using
some sort of a “file” for them. Many record stores sell cassette
organizers, and most computer stores have similar storage cases
for disks. If you value your programs and information, take care of
your cassettes and disks.

When you set up your computer equipment, place the cables and
wires neatly. You can coil unused lengths of wire and cable, secur-
ing them with plastic bag ties or rubber bands. Keeping the wires
and cables behind the computer equipment decreases the chances
that something will get tangled in them and that someone will mis-
takenly unplug them.

The VIC 20 uses an antenna switch to connect the TV antenna
(or cable) or the computer’s TV cable to the TV set. If the TV set
you are using is going to be used by others for normal TV watch-
ing, remember to switch back to the “TV” or the “ANTENNA”
position when you are finished using the computer. This will avoid
someone looking for you when the midnight late show comes on
and they find, “. . . the TV isn’t working right . . .”
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Static

If you find that you are getting shocks from static electricity
every time you move across the room in which you have the com-
puter, it’s a good idea to do something about it to protect your
computer equipment. You might first try changing your shoes,
since the material on the soles may be the culprit. If that doesn’t
reduce the static electricity, try using another chair, since plastic
or plastic-covered chairs often generate static electricity. You can
also use a humidifier in the computer room. Static electricity is
reduced when the humidity is increased, so static is most often a
problem during dry weather (usually during winter). Your nasal
passages and throat will also thank you.

Protection

There are some other steps you can take to keep your computer
running smoothly. One is the use of dust covers for the equipment.
Plastic, nonstatic dust covers are recommended for all of your
computer equipment, particularly the keyboard, disk drives, and
printer.

Other equipment may be covered, but the items just listed are
the ones that are most prone to damage. Dust covers don’t only
protect the equipment from dust, but also from deodorant, wax,
polish, and other aerosol sprays that can leave a film on the equip-
ment, causing malfunctions.

Dust covers can also protect against accidents such as liquid
spills, cigarette ashes, and other types of material (Fig. 11-1).
Make it a rule not to eat, smoke, drink, or do other noncomputer
things around your computer. The authors have seen a can of soda
disappear into a printer mechanism and have seen the disastrous
effects of nondairy creamer on a small computer. It is easy for
crumbs and small pieces of “junk” to accumulate between the keys.
Such material can also get on your disks and cassettes, causing
problems when you try to retrieve or store information and pro-
grams.

The two photographs in Fig. 11-2 illustrate the difference be-
tween a clean and a dirty disk “head,” the part that actually reads
and writes the information to and from the disk surface.

Power

It is a good idea to use a “plug strip” as the power source for
your computer equipment. Many of these devices have a master
switch and a circuit breaker, so all of the equipment can be con-
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Fig. 11-1. A cover can protect a small computer from dirt, ashes, and other
“pollution.” (Courtesy Inmac)

trolled from one place. With this type of a setup, you won’t go
away on a trip and suddenly remember that the computer is still
on. Remember that in the VIC 20 computer, the “power cube” that
is plugged into the wall outlet kas power connected to it as long as
it is plugged in. The power switch on the VIC 20 just connects the
cube’s power to the computer.

If you’re going to turn off your computer for a while, we recom-
mend unplugging the power cube or using a “plug strip” to turn off
all the equipment. A typical power strip is shown in Fig. 11-3.
These strips are available from most hardware and electrical sup-
ply stores.

Power surges aren’t normally a problem, although there are
companies that advertise surge protectors that are built into plug
adapters and strips. Your local situation will determine whether or
not you need this kind of protection. You can ask some of the local
computer users about their experiences. Lightning often strikes
power lines, and it can damage delicate electronic equipment that
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Fig. 11-2. Clean and dirty disk read/write heads.
(Courtesy Radio Shack, a Division of Tandy Corp.)

is plugged in, even if the equipment is turned off. We have seen
television sets that have been damaged by nearby, indirect light-
ning strikes to the power line. If lightning storms occur in your
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Fig. 11-3. A power strip provides a central source of power.
(Courtesy Electronic Protection Devices, Inc.)

area fairly frequently, it might be wise to unplug your computer
equipment when you aren’t using it.

Clean Up

All computer equipment needs to be cleaned once in a while. You
can easily dust the keyboard unit and television set with a vacuum
cleaner, but this isn’t recommended for cassette and floppy-disk
units. Printers can be dusted carefully with a vacuum cleaner on a
low suction setting. Vacuuming can remove paper lint and dust
that can cause problems. When dusting, don’t use any commercial
spray materials that leave a fllm or residue. If anyone else will be
cleaning near the computer equipment, remind them NOT to use
such products on the equipment. A commercial window-cleaning
product can be used to clean the TV screen, but take the TV set
out of the “computer center” so that spray droplets of the cleaner
don’t get into the other equipment.

Cleaning disk drives and cassette units calls for care. Special kits
are available for cleaning both of these devices, with cassette
head-cleaning kits available at most record and radio-TV stores.
Cleaning kits for floppy-disk drives are available from many com-
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puter suppliers, and a typical kit is shown in Fig. 11-4. This kit
contains a special cleaning disk and cleaning solvent. The cleaning
solvent is squirted onto the cleaning disk and the disk is placed into
the disk drive unit. The disk is then activated so that the cleaning
pad gently removes any dirt and residue from the disk-reading
mechanism. This takes about 80 seconds, and it is a worthwhile
task, prolonging the life of both the disk drive unit and your disks.
Disk heads should be cleaned once a week, or more frequently if
the disks are used heavily.

Troubleshooting

Most computer manufacturers provide service for the equipment
they sell, either through a direct service facility or through service
outlets. In most cases, you will have to deliver your computer

Fig. 11-4. A typical disk-cleaning kit. (Courtesy 3M Co.)
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equipment to the service center, either by shipping it or by hand-
carrying it. We suggest checking the information supplied with the
computer for service information, or you can call the VIC 20 serv-
ice desk at Commodore to get more information about having your
computer serviced. If servicing is required, be sure to send a
complete description of the problem along with the piece of equip-
ment to be repaired. A note telling the service people that the
equipment doesn’t work isn’t very helpful. If the problem can be
localized, it will speed the repair job and get the computer back to
you quickly.

It isn’t too difficult to try and track down some computer prob-
lems on your own. The first thing is to be sure that the computer is
set up properly, and that you aren’t doing something odd to it. For
example, check the cables and cords to be sure they are all firmly
mated or “seated” in position. Also check to make sure all of the
equipment has been turned on. Many people forget to turn on
power or connect needed accessories. If the computer still isn’t
working properly, set up just the computer and the TV set and run
a simple BASIC program. Something as simple as typing a few
numbers on the TV screen will do fine as a test.

If the basic computer system is operating properly, reconnect
the accessories, one at a time, and continue to test the computer.
If you have reconnected the cassette unit, try loading and saving a
program to test the system. This will help you localize the prob-
lem. For example, (1) you have your system connected, except for
the printer, and all seems to be operating properly; then (2), the
printer is connected, and the system doesn’t work. Set up the
computer with just the TV and the printer and try it again. If the
printer still doesn’t work, the problem may be in either the com-
puter or the printer.

If you know of another person with a VIC 20 who lives close by,
you might arrange to try your computer and printer with the other
person’s equipment. This may narrow the problem even further.
Many towns and communities have enough VIC 20 users so a club
or users’ group has planned activities and even a newsletter. A
similar group may exist in your town. Sales people at the store
may know about such a group, or you may see a meeting notice in
a local newspaper.

There are several computer magazines that contain lists of local
interest groups and clubs. You'll find people in these groups who
have a wide range of interests, and many of them will be happy to
help you.
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SOFTWARE

Software has been said to be the most important ingredient of
any computer system. It takes a great deal of time to put together
computer programs, check them, and get them to work properly,
and you will find that software represents your biggest computer
investment, even if you purchase only a few programs, or “pack-
ages,” as they are often called. In this section, some of the details
of program selection and evaluation will be described. It isn’t par-
ticularly difficult to evaluate a simple game or recreational pro-
gram, but programs for special applications can cost several
hundred dollars, so you can’t afford to make the wrong choices.

What’s Available

Once you have decided that a particular type of program is
needed, it is a good idea to try and find out what programs are
available to meet your needs. For example, if you are interested in
an address-file program, you will have to look for that specific type
of program. If you subscribe to a magazine about computers, par-
ticularly the VIC 20, you may find several manufacturers or dis-
tributors who sell the type of program you are looking for.

A local user’s group or computer club may be able to tell you
about someone who has a similar program or who may have looked
at several. Most people are glad to tell you about their experi-
ences.

Information and References

Once you have found some programs that sound interesting, ask
the manufacturers and suppliers for information about them. The
responses you get are often good indicators of what the programs
are like. A professional response with interesting informative lit-
erature generally means that the company operates in a profes-
sional manner. On the other hand, photocopied typewritten infor-
mation that is unreadable or full of computer terms may mean that
the company doesn’t understand its market or its potential cus-
tomers.

Use the information about the programs to make comparisons
between them. How quickly do the programs run? How much in-
formation can they use? Your questions should be based on your
needs. For example, if you are looking at a word processing pro-
gram, you want to know how many pages of typewritten material
can be saved on a disk or cassette. You may also want to know if
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the program requires a special printer, or if the standard VIC-1525
printer can be used.

Ask the manufacturer, distributor, or dealer for the names of
several people who are using the program. Most dealers will share
this information with you, and these people will be able to give you
an unbiased opinion about the program. Ask them how they like
the program, how they are using it, how long they have been using
it, and so on. Also ask if they have had any problems with the
program, with the dealer, or with the manufacturer. If one or two
of these people are located in your area, you might ask if you could
visit them and actually see how the program works. Don’t ask for a
copy of the program to take home and try. This is asking the other
person to violate the copyright on the program, and it is illegal.

Demonstrations and Documentation

Visit several dealers, if you can. Ask for demonstrations of the
computer program and also ask to look at the user’s manual or
other written materials that come with the program. This is called
“documentation,” and it is what you will use to guide you when you
use the program. One thing to look for is clearly written informa-
tion that is easy to read and understand. If it seems to have been
written for a computer expert, more than likely the program will
be set up the same way—for an expert.

The written materials and instructions are probably the most
important part of a computer program, since they tell you how to
effectively use the program. Unfortunately, many program manu-
facturers do a poor job of preparing a manual for the user. In look-
ing at a manual, check for an index so you can quickly locate infor-
mation. A set of examples is also important, since it lets you see
how the program works and what it actually looks like when it is
running. Many manuals contain exercises that you can do to be-
come familiar with the program, along with photographs or exam-
ples of the TV screen display

If a visit to a dealer isn’t possible, you should at least review the
instructions for the program package. Many software suppliers
realize that people want to look at this material, so it is sold sepa-
rately. In some cases, suppliers will give you credit for this pur-
chase if you decide to buy the complete software package within a
limited time. A smaller number of manufacturers supply demon-
stration or “demo” copies of their programs so you can try them.
These “demo” programs may not be able to do everything the
regular program can, but they will give you a good idea of how the
program operates.
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Testing Programs

If you can actually try the program, so much the better. You'll
be able to see how it will work in your application. No program is
perfect in the sense that it does everything exactly as you want it
to. Of course, the program should give the correct results, but it
may display the results on the bottom of the screen, while you'd
rather have them at the top. These things are usually minor, un-
less you find that the final result of the program is not what you
want.

If a dealer will not supply you with a program that you can test,
you may be able to try the program in his store or office. Other
users may let you try the program at their office or home, giving
you an hour or two to use it. A few hours of testing time is a
worthwhile “investment.”

If you are spending a considerable amount of money to buy the
program, and if you expect to use the program frequently, testing
is almost mandatory. How you test the program depends on what
kind of program it is. Business accounting programs and word pro-
cessing programs do different things, so they are tested different-
ly. During your test, make an effort to cause problems for the
computer, to see what happens. For example, if the computer asks
for a YES or NO answer, type something else to see if the com-
puter will “trap” your incorrect answer and give you another
chance to type in a correct answer. If the computer does something
unexpected, there may be other flaws in the program, too. Try as
many combinations of commands and conditions as you can.

As you test a program, be sure that it is easy to use and that the
“menus” displayed on the TV screen are easy to understand and
are meaningful. For example, if the program displays this type of
menu at one time:

MORE DATA TO BE ENTERED?

1. YES
2. NO
TYPE 1 OR 2

and this at another:
DISPLAY RESULTS AGAIN?

0. YES
1. NO
TYPEOOR 1

it will be difficult to remember whether a 1 is a YES or a NO
answer. The answers should be consistent, and in this example it
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would have been much easier to just type YES or NO, or, Y or N.
If the program is difficult to use, you will spend as much time mas-
tering it as actually using it. Even though many people have
“standardized” some difficult-to-use programs doesn’t mean that
they are the best ones available.

Many programs are confusing just because of the many different
things they can do. Many people find that they can do a very good
job without many of the special operations provided. In many
cases, a simpler less-expensive software package will take care of
your needs as well as a more-expensive package that has opera-
tions you won’t use.

Updates and Revisions

Before you purchase a program, ask the dealer or supplier if it is
the latest version. You might ask if a revised or updated program
is expected in the near future. Sometimes, minor “bugs” or prob-
lems are found in a program, and the manufacturer modifies the
program to take care of this. Many manufacturers continue to
change their programs to make them easier to use, to change the
display format, and so on, in respone to their customers’ needs.
Ask whether updated programs are going to be available, and
what the terms are. Here are some typical arrangements:

1. The current program is the only one available. No revisions,
updates, or changes are going to be developed or provided.

2. New programs or documents may be available, but you will
have to buy them just as if you were buying a new program.

3. New programs and manuals may be available, and there is a
small charge for exchanging your “old” program for the new
one.

4. New programs and manuals may be available, and the ex-
change is free for the first six months you own the program.

The last two choices are the best, since they tell you that the
manufacturer is interested in continuing to work with you, and
that you are a valued customer.

Some manufacturers provide a “hot-line” telephone service that
you can use if you have a problem or difficulty in using the pro-
gram. Ask if this is available for the software packages you are
looking at. This type of service is expensive, so it adds to the cost
of the program. Don’t expect to have this kind of service for an
inexpensive program or game. You might also ask if there is a
users’ group that is centered around the software packages you are
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interested in. Some of the most popular programs have spawned
their own groups, so additional information, hints, and assistance
is available from an amateur group. Some dealers and suppliers are
familiar with software, so you might also ask if they provide any
local assistance to their customers. This is a good reason to deal
with a local dealer instead of a mail-order dealer.

Flexibility

If you expect your uses for your computer to increase, as they
almost always do, you want to be sure that the program will be
able to expand, too. For example, a program for teachers that will
handle up to 25 students is going to be useless if the next class has
27 students in it. It is often difficult to think about the future and
how things may change, but programs should be adaptable to new
situations and requirements.

Protection

We know one,person who buys phonograph records and im-
mediately makes a tape recording of them. He plays the tapes,
saving the record as a “master” or “source” so it won’t be damaged
by day-to-day use. It is a good idea to do the same thing with
programs. Be sure that you can copy or duplicate any programs
you buy to provide “backup” copies. In most cases, the original is
set aside for an emergency, and the backup copies are used in the
computer. Since some manufacturers protect their programs by
making it difficult or impossible to copy them, ask the supplier if
you will be able to make backup copies for your own use. If the
answer is no, ask how you get backup copies of the program. If
such copies aren’t readily available, look elsewhere for programs.

It is a good idea to make backup copies of your own programs
and information. This preserves them so that if a disk or cassette
tape is ruined, you still have your information. Disks and tapes
don’t last forever, although most people have very good luck with
them, using them for years. One company we know of recommends
throwing out disks after only a month’s use. These disks are used
every day, so they go through a lot of use very quickly. Don’t
expect tapes and disks to last forever.
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VIC 20 Error Codes

COMMON ERROR CODES

BAD SUBSCRIPT—The computer tried to use a subscript that didn’t
exist in the array. For example, A = RD(57) where the array, RD, only
goes from RD(0) to RD(40).

CAN’T CONTINUE —The computer cannot continue after you typed the
CONT command. You may have changed something in the program itself,
or the program may not have been started. You can’t continue after an
error message, either.

DIVISION BY ZERO—The computer just can’t divide zero into another
number. Neither can you, since the result is infinity.

EXTRA IGNORED—You typed in something “extra” when the comput-
er asked for information. The “extra” thing depends on what type of in-
formation you are typing in; string or value.

ILLEGAL DIRECT—You have asked the computer to do something it
cannot do. For example, you can tell the computer to PRINT 5 + 89 right
from the keyboard, but you can’t tell it to INPUT X : PRINT X * 80,
unless this is put in a program with a line number.

ILLEGAL QUANTITY —You have asked the computer to do something
with a number that is too big or too small for it to handle. The computer
can handle numbers up to 1 with 35 zeros after it, and down to a 1 with 35
zeros before it!
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NEXT WITHOUT FOR—You always need to use NEXT and FOR to-
gether. The computer will tell you if you have forgotten the FOR com-
mand.

OUT OF DATA—This error takes place when you try and get more
pieces of information from a DATA statement than are actually there.
Make sure you don’t try and READ more information than there is in the
DATA statement.

OUT OF MEMORY —Wow, you completely filled up the computer’s
memory! The solutions are to cut your program into smaller chunks, save
some information on tape or disk, or add a memory expansion plug-in car-
tridge.

OVERFLOW —The result of an operation is just too big for the computer
to handle. Look for errors in your math, or have the computer work with
smaller numbers. Since the computer can count the number of water
molecules in a cubic kilometer of water, you're talking about a big, big
number.

REDO FROM START—The computer expected a value, and you typed
in some other character. The complete entry has been ignored, so just
type it in again and try and get it right.

RETURN WITHOUT GOSUB—The computer found 2 RETURN com-
mand in the program, but the program never told it to GOSUB. Check
your program and be sure that you have a GOSUB command for the sub-
routine. If you have unused subroutines, that’s fine, but just be sure that
the computer hasn’t gotten to them with a GOTO or other command. Re-
member to use the END command to stop the computer when necessary
so it doesn’t go off into other programs.

STRING TOO LONG—Strings saved in the computer can have up to 255
characters. Strings input with an INPUT W$ command can have up to 89
characters in them.

SYNTAX—This means that something was messed up and the computer
couldn’t understand what you wanted it to do. Check the line noted in the
error message.

NOT-SO-COMMON ERROR CODES

BAD DATA—The computer expected to receive numeric data from a
“file” or peripheral device. It got non-numeric characters, or a string, in-
stead.

DEVICE NOT PRESENT—You have told the computer to use a pe-
ripheral that hasn’t been hooked up or turned on yet.
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FILE NOT FOUND—The computer has looked at a disk or tape, but it
couldn’t find the file you asked it to read. The file name cannot be found.

FILE NOT OPEN—You can’t use a file without opening it first. Go back
and be sure that you have the appropriate OPEN commands in your pro-

gram.
FILE OPEN—You have tried to open a file that is already open. You

can’t open something unless it’s closed. Check to be sure that you closed
your files, or that you haven’t opened them twice.

FORMULA TOO COMPLEX—Split your formula into smaller pieces.
You have asked the computer to do too much at one time.

LOAD . . .—The computer is having a problem loading your program
from the cassette recorder.

NOT INPUT FILE—You have tried to get information from an output-
only file. The printer is an output-only device, so don’t try and get infor-
mation from it.

NOT OUTPUT FILE—You have tried to output data to an input device.

REDIM’D ARRAY —Once you set up an array, you can’t change its size
within the program. If you need to change the size of an array, stop the
program, change the DIM command, and rerun the program.

TYPE MISMATCH-—You have tried to use a value in place of a string,
or a string in place of a value. The two are separate types of information,
so check what you are doing.

UNDEF’D FUNCTION—The computer was told to do a “special func-
tion,” but you never told it what the function was.

UNDEF’D STATEMENT—You told the computer to go to a line
number that isn’t included in your program. This type of error occurs with
GOTO and GOSUB commands.

VERIFY .. .—The computer cannot verify your program, saved on tape
or disk.
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VIC 20 BASIC Keywords

ABS GET ON SPC(
AND GET# OPEN SQR
ASC GOSUB OR STATUS
ATN GOTO PEEK STEP
CHRS$ IF POKE STOP
CLOSE INPUT POS STR$
CLR INPUT# PRINT SYS
CMD INT PRINT# TAB(
CONT LEFT$ READ TAN
(6{0N] LEN REM THEN
DATA LET RESTORE TIME
DEF LIST RETURN TIMES$
DIM LOAD RIGHT$ TO

END LOG RND USR
EXP MID$ RUN VAL

FN NEW SAVE VERIFY
FOR NEXT SGN WAIT

FRE NOT SIN T
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Answers to Questions

CHAPTER 1

. To use channel 3, set the TV channel selector switch to channel 3 and
set the switch on the box in the TV cable assembly to CH3. Re-
member to move the TV antenna switch to the COMPUTER position.

. There are printing and action keys on your VIC 20 computer. The
printing keys print one or more characters on the TV screen. The
action keys can perform actions on their own; for example, the CLR/
HOME key; or they can change the operation of the printing keys; for
example, the GRAPHICS key doesn’t do anything by itself, it just lets
you print special graphic characters.

. The shift key has two uses:

(a) It lets you print the upper symbol for those keys that have an
“upper” and a “lower” symbol on their keytops.

(b) It lets you print the right-hand graphic symbol for those keys that
have a graphic symbol on their front surface.

. The CLR/HOME key can be used by itself to move the cursor to the
upper left-hand corner of the TV screen’s display area. When used
with the SHIFT key, the CLR/HOME key clears the display area and
moves the cursor to the upper left-hand corner.

. The two cursor control keys, CRSR, are used to move the cursor on
the TV screen. The cursor can be moved down, right, up, or left. The
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10.

11.

SHIFT key must be used to move the cursor up or left. When the
cursor is moved, no characters are “erased.”

. Yes, several of the keys “repeat” their action. The space bar and the

two cursor control keys are examples.

. The INST/DEL (insert/delete) key is used to correct errors. You can

use it to remove or “erase” characters and to insert new ones on the
TV display. The insert operation uses the SHIFT key.

. The GRAPHICS key is located in the lower left corner of the

keyboard, and it looks as though it has a large “C” with an equal sign
on it. It lets you type the left-hand graphic symbols for the keys that
have graphic symbols on the front of them.

. Colors are changed by using the CTRL key and the number keys, “1”

through “8.” The colors are noted on the front of these keys. You must
press and hold the CTRL key when you press the color keys.

The SHIFT and “6” keys will print the “and” symbol, &, on the TV
screen. No color change takes place. The CTRL key and a number key
must be used to change the color of the cursor.

No, changing the color of the cursor doesn’t change the color of any-
thing else on the screen.

CHAPTER 2

. The VIC 20 can process both values and strings of characters.

. In general, computers are used to process information and to transfer

information.

. Of the 12 labels, several are not valid. These are $LABEL, 31ST

STREET, and 3STATES$. Here is why they cannot be used:

(a) $LABEL (Labels cannot start with a dollar sign.)
(b) 31ST STREET (Labels cannot start with a number.)
(c) 3STATES$ (Labels cannot start with a number.)

. Yes, there is a conflict between SPAGHETTI and SPELLER, since

the computer would see both as the label SP for use with a value.
There is no conflict between SPEND$ and either SPAGHETTI or
SPELLER, since SPENDS is a label for a string, and its two-letter
label would be ST$.

. There are several errors in these labels and information. They are:

(a) TEST = $56. (This must be TEST = 56.
The dollar sign cannot
be used as part of a value.)
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(b) TIME = “TEN OF FIVE”$ (This must be:
TIME$ = “TEN OF FIVE”
The dollar sign is in
the wrong place.)

(¢) TM = 56.89 (This is correct.)
(d) LINK$ = NUMBER OF (The string must be
TESTS enclosed in quotes:
LINK$ = “NUMBER OF TESTS”)
(e) SEEDS = 78 (This is correct.)
() LINES = “10 LINES (The label, LINES, must have
PER INCH” a dollar sign after it to

label a string: LINESS$ =
“10 LINES PER INCH”

. There are errors in several of these commands. The corrections have

been underlined for you:

(a) INPUT “YOUR NAME, PLEASE”; NAMES$

(b) PRINT “TEST RESULTS” -

(¢) PRINT “BALANCE IN ACCT =” BAL  (No semico-
lon needed)

(@ INPUT “ TODAY’S SPECIAL 7, SPEC

(e) INPUT “ENTER THE YEAR”; YR$ —

(f) PRINT “THIS IS A VIC 20”

. An entry with an incorrect line number can be erased by simply typ-

ing the old line number and [RETURN]. This “erases” the line from
the computer program.

. You can finish the line, type [RETURN] and re-enter it. You can also

use the INST/DEL key to back-up and erase errors.

. To start a BASIC program, just type RUN [RETURN].
10.

To list a program on the TV screen, simply type LIST [RETURN].

CHAPTER 3

. So far, the VIC 20 can do addition, subtraction, multiplication, and

division.

. The VIC 20 does the multiplication and division operations in a pro-

gram step first, and addition and subtraction operations second.

. You can put almost as many program steps on a line as you want.

Programs with too many steps are difficult to “read” and understand,
so don’t try and cram too many on a line.

. Individual program steps are separated by colons when they are

combined in a single program line.
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. Parentheses are used to separate math operations so they can be eas-

ily broken down. Individual operations are easy to understand when
parentheses are used, and there is no question about which operations
are done in what order.

@ ?7=5*12 +4 (Answer: 64)
b) ?=8*4+12/5*8 (Answer: 31.2)
@ ?2?={(4*6)/3) +18) -7 (Answer: 19)

. REM stands for REMark, and it is used to put a comment or note in a

program so that the programmer will understand why something was
done, what value is being used, and so on. The program doesn’t do
anything with a remark, it skips over it to the next real program step.

. The INPUT command lets you have the computer get information

from the keyboard. A label must be used with an INPUT command so
the computer knows how to identify the information.

. The computer always uses labels to identify and locate information.
10.

The INST/DEL (insert/delete) key is used to help you correct pro-
gram lines and other information on the TV screen. The INST/ DEL

key uses the cursor as its “marker.” The changes only go into effect
after the RETURN key is pressed.

CHAPTER 4

. The GOTO command causes the computer to go to a specific line in the

program. It doesn’t care where the line is or what command is there.

. The GOTO command must be followed by a line number that is really

part of the program.

. The GOTO command will cause an error condition when the line

number used is not found by the computer. The error tells you that
something (the line number) is not properly defined in the GOTO
command.

. The GOTO command can point the computer to any line number in the

program.

. You can get out of an “endless” loop by pressing the RUN/ STOP key.

You can also pull the power plug to the computer, but that will
“erase” your program!

. You can use the RUN/STOP and the RESTORE keys to get the com-

puter out of an INPUT command when it’s waiting for information
from the keyboard. You can pull the plug, too, but that is not the
recommended solution.
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10.

11.

12.

13.

. The VIC 20 can evaluate, or test, almost any statement that can be

answered with true or false.

. The statements are used in IF-THEN commands. The computer eval-

uates the statement to see if it is true or false. The answer is used to
make the decision.

. The conditions of equal-to, greater-than, or less-than can be tested.

These conditions can be combined; for example, less-than OR equal-to.

Any of the BASIC commands can follow the THEN in an IF-THEN
command. Multiple commands can be used, too, as long as they are
separated by a colon.

The AND and OR operations let the computer test for several condi-
tions in a single IF-THEN command. For example, IF (A = GR)
AND (FX > 6) THEN . . . The NOT operation reverses the true-false
result when a statement is evaluated by the computer. For example,
the statement “7 = 7” is true, while the statement “NOT (7 = 7)” is
false.

The RND(1) operation is used to get a random number between 0 and
1. Other operations are used to “scale” the value and to “strip off” any
decimal fractions that aren’t wanted.

You can remove the decimal fraction part of a value by using the INT
operation. For example, PRINT INT(15.962) would display 15 on the
TV screen.

CHAPTER 5

. Just use (press) the CLR/HOME key in the message part of the

PRINT command:
130 PRINT “[CLR/HOME]”

This gives you a “reversed S” and it looks like this:
130 PRINT* & ~

. You can combine printing operations on a single line by using a

semicolon after each PRINT command. For example:

200 PRINT “TESTING”;
220 PRINT “ 1, 2, 3"

will print:
TESTING 1, 2,3

on the TV screen.
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- The TAB command is used to space columns of information on the TV

screen in an orderly form. The TAB(5) command moves the cursor five
spaces along the line, away from the left margin.

- You cannot move the cursor back to the left with a TAB operation.

Once you have done a TAB(15) operation to column 15 on the TV
screen, you can’t move back to column 8 on the same line with a
TAB(8) operation.

- The ON command acts like a group of IF-THEN commands. It checks

a “statement” to see if it is equal to 1, equal to 2, equal to 3, and so on.

. The ON command would be used when answers of 1,2, 3,4, and so on

are expected. These results are used to point the computer to specific
line numbers in a program. If the condition is not found, the program
just continues with the next following instruction.

. The FOR-NEXT command is used to count the number of passes

through a program loop. You must set the starting and final count,
and you must give the loop counter a label. For example:

20 FORTX = 1TO 14
30 PRINT ‘*”
40 NEXT TX

This program would print 14 asterisks on a line on the TV display.

- You can use almost any size steps you want to. You must specify them

in the FOR part of the command with a step size:
20 FOR TX = 5 TO 200 STEP 5
Fractional and negative steps can be used also:
30 FOR GM = 1 TO 50 STEP 0.5

or

40 FOR DSA = 100 TO 20 STEP -2

9. A nested loop is one loop within another:

10.
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20 FORT=1TO 20

30 FORGH =1TO 10 —,

40 INPUT F Inner Outer
50 PRINT F * 12 Loop Loop
60 NEXT GH

70 PRINT “ *

80 NEXTT

A subroutine is a “piece” of a program that is used over and over
again by different parts of a “main” program. It is easier to put the



11.

12.

13.

group of often-used instructions in a subroutine than to duplicate the
steps everywhere they are needed in the main program. A subroutine
might be used to calculate the sales tax on several different types of
sales transactions.

An array is a collection of similar information that has an overall label
or name. It is used to store or save information that would require
many different labels. Arrays are particularly useful for saving check
values, game scores, test results, and so on.

Arrays are flexible since you can use a label as a subscript to identify a
piece of information in the array. In this way, you can easily change
the subscript used to point to the information. In effect, you are
changing the label so it can point to new information. For example,
the following program would get seven values from the array called
DR and print them on the TV screen:

400 FORAX =1TO7
420 = PRINT DR(AX)
440 NEXT AX

There is no easy way to do this with usual, nonarray labels. The
arrays used in the VIC 20 can save up to several hundred pieces of
information. If you are going to go above 11 pieces of information
(INFO(0) to INFO(10), yowll need to use a dimension statement,
DIM, at the start of your program.

The DATA statement lets you put data right in your program without
labeling it. The READ statement gets the information from the
DATA statement, one piece at a time, just as if it were a list of infor-
mation. Once you get the information this way, you can print it, pro-
cess it, or do almost anything you want with it. The RESTORE com-
mand points the computer back to the start of the DATA statment, so
the READ command will get information from the start of the list
again.

CHAPTER 6

. All string labels end with a dollar sign; for example, EST$.

. Yes, a string of up to 89 characters can be input with an INPUT com-

mand. The INPUT command must use a string label: INPUT WETS$.

. Strings are combined with a “plus” sign (+). This links the strings as

if they were written one after another: A$ + TR§ + “FUN” + RZ$.

. Yes, strings can be combined in any order you want.

. The comma, quote, space, and colon are ignored by an INPUT com-

mand. The GET command can be used to input them in a string.
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11.

12.

13.
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. The most common decisions are based on comparing two strings to see

if they are the same, or not the same. The greater-than and less-than
comparisons don’t make a lot of sense when used with strings.

. The LEN command will give you the number of characters in a string,

or its length. All of the characters except the quotes are counted. For
example, there are seven characters in this string: “TXSD.8*”

. The left three characters and the right six characters can be obtained

from the string CAT$ by using the LEFT$ and RIGHT$ operations:
LS$ = LEFT$(CAT$,3) and RS$ = RIGHT$(CATS,6).

. You can get the middle five characters from G$ = “QUESTIONS” by

using the MID$ operation: MS$ = MID$(G$,3,5). This gets the middle
five characters, starting with the third one from the left “end” of the
string.

If the GET command is done by the computer and no key is pressed,
the computer gets a “null,” or “nothing” character. It has no meaning
in a string and is totally ignored.

A six-digit, 24-hour digital clock is built in. It tells time to the nearest
second and you can use it by using the TI$ string label.

A real-time clock is one that continues to keep accurate time no mat-
ter what the computer is doing (unless it’s unplugged!).

Yes, values and strings can be interchanged, but this only makes
sense for changing values into strings of numbers, and vice versa. You
cannot change the string “BLUE SKY” into a value.

CHAPTER 8

. The SPC command moves the cursor to the right. The number of

spaces to be moved is included in the command. The SPC command is
used in a PRINT command to move the cursor.

. The SPC command moves the cursor from its present position, while

the TAB command moves the cursor based on the left edge of the
display. For example, the TAB(7) command moves the cursor seven
spaces to the right from the left edge of the display, while SPC(7)
moves the cursor seven positions to the right from its present posi-
tion, wherever that is.

. When you try and use the CRSR keys while typing the “message”

part of a PRINT command, special symbols are displayed on the line.
This means that the computer will only move the cursor when it
reaches this message in the program. Each cursor movement has its
own special symbol, as shown earlier in Table 8-1.



10.

11.

12.

13.

14.

. There are many commands and keys that can be used—the four cur-

sor control keys, the CLR/HOME key, the space key, and the SPC
and TAB commands. There are many ways to control the position of
the cursor on the TV screen.

. The END command tells the computer that it has reached the end of a

program. It is useful when there are several programs in the com-
puter at one time. The END command prevents the computer from
running from one program into the next.

The color of the display can be changed by using one of the color keys,
located on the number keys, 1-—8, and the CTRL key. These color-
change operations can be used in the “message” part of a PRINT
command, too.

. When the color is changed, only the cursor’s color changes. After the

cursor has changed its color, anything typed or printed is shown in the
new color. Information, displays, or graphics already on the TV
screen are not changed.

. You can change the color of the information to be printed by using the

CTRL and color keys within the “message” part of a PRINT com-
mand.

. The RVS ON and RVS OFF keys can be used to control the printing

in reverse. These can be typed directly from the keyboard, or the
actions can be placed in the “message” part of a PRINT command.
The computer does not stay in the reverse mode until it is changed
back to the normal mode. There are several built-in computer actions
that change it back. In general, you must set the reverse mode each
time you need it.

The TV is controlled by the display and color maps. There are 23 X
22, or 506 locations in each map.

Special codes must be placed in both maps to control the TV display.
The display map requires a screen code for the character to be dis-
played, and the color map requires a color code for the color to be
used. This information must be placed in the corresponding “squares”
in the map for a single location on the TV display.

A character can be reversed by adding 128 to its screen code. Sub-
tracting 128 returns the character to normal.

The POKE command lets you place a code in a map, while the PEEK
command lets you get a copy of the code from a location in a map.

The VIC 20 has two sets of characters, Set 1 and Set 2, as shown in
Table 8-3. Normally, Set 1 is used. You can switch from set to set by
using the GRAPHICS and SHIFT keys together, or you can use the

309



310

POKE 36869, 242 command to get Set 2, and POKE 36869, 240 com-
mand to get Set 1. Switching from one set to the other changes the
entire display.

CHAPTER 9

. The VIC 20 has four “speakers” or sources of sound.

. Three of the “speakers” create tones, while the fourth one creates

“noise” that is a mixture of a hissing sound and a tone.

. Yes, you can control the volume. You can set the volume of the TV

set, or you can set the volume by poking a control code into the vol-
ume address in the sound map. You can also turn each speaker off by
poking a 0 into its corresponding address in the sound map.

. Each “speaker” is supposed to create 128 different tones, using codes

of 128 through 255. We found that in our computer, only the codes
from 128 to 254 created unique tones. We avoided code 255, since it
created the same tone as code 128.

Yes, there is some overlap between the tones, as shown in Table 9-1.

Noise is a collection of random sounds all mixed together. The result is
a “hiss.”

. Yes, all'of the sounds can be used at the same time, but the overall

result may be a mish-mash of sounds. Some interesting effects are
possible, and it can be fun to experiment with the sound part of the
VIC 20 computer.

There are many uses, beyond the ones we described. Sounds can call
your attention to something, tell you that a limit has been reached,
sound an alarm, beep and bop for games, and on and on.



Solutions to Selected

Problems

CHAPTER 3

Problem 3-1 Listing

10
20
30
40
50
60

INPUT
INPUT
INPUT
PRINT
PRINT
END

"FIRST NUMBER";F
"SECOND NUMBER";S
"THIRD NUMBER";T

"ANSWER IS";(F+S)*T

Problem 3-1 Sample Run

FIRST NUMBER? 8
SECOND NUMBER? 4
THIRD NUMBER? 5

ANSWER IS 60

READY.
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Problem 3-3 Listing

10 PRINT "HOW MANY DOLLARS"
20 PRINT "DO YOU WANT TO"

30 INPUT "CONVERT 2";D

40 PRINT

50 PRINT "YOU WILL GET";2.5%D

60 PRINT "SWISS FRANCS FOR THIS"
70 PRINT
80 END

Problem 3-3 Sample Run
HOW MANY DOLLARS

DO YOU WANT TO
CONVERT 2 100

YOU WILL GET 250
SWISS FRANCS FOR THIS
READY.

HOW MANY DOLLARS

DO YOU WANT TO
CONVERT ? 25.3

YOU WILL GET 63.25
SWISS FRANCS FOR THIS

READY.
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Problem 3-6 Listing

10 PRINT "HOW MUCH DOES THE"

20 PRINT "FIRST PACKAGE"

30 INPUT "WEIGHT ";FW

40 INPUT "ITS PRICE ";FP

50 PRINT

60 PRINT "HOW MUCH DOES THE"

70 PRINT "SECOND PACKAGE"

80 INPUT "WEIGHT ";SW

90 INPUT "ITS PRICE ";SP

100 PRINT

110 PRINT "FIRST PACKAGE COSTS"
120 PRINT "$";FP/FW; "PER UNIT"
130 PRINT "WEIGHT"

140 PRINT

150 PRINT "SECOND PACKAGE COSTS"
160 PRINT "$";SP/SW;"PER UNIT"
170 PRINT "WEIGHT"

180 END

Problem 3-6 Sample Run

HOW MUCH DOES THE
FIRST PACKAGE
WEIGHT ? 24

ITS PRICE ? 1.49

HOW MUCH DOES THE
SECOND PACKAGE
WEIGHT ? 36

ITS PRICE ? 1.85

FIRST PACKAGE COSTS
$ .0620833333 PER UNIT
WEIGHT

SECOND PACKAGE COSTS
$ .0513888889 PER UNIT
WEIGHT

READY.

Problem 3-9 Listing

10 PRINT "HOW MANY DRINK CANS"
20 INPUT "DO YOU HAVE ";N

30 PRINT

40 PRINT "ASSUMING:"

50 PRINT "14 CANS/POUND"

60 PRINT "AND $1.28/5 POUNDS"
70 PRINT

80 PRINT "YOU WILL RECEIVE $"(N/14)*(1.28/5)

90 PRINT
100 END
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Problem 3-9 Sample Run

HOW MANY DRINK CANS
DO YOU HAVE ? 300

ASSUMING:
14 CANS/POUND
AND $1.28/5 POUNDS

YOU WILL RECEIVE $ 5.48571429

READY.

HOW MANY DRINK CANS
DO YOU HAVE ? 70

ASSUMING:
14 CANS/POUND
AND $1.28/5 POUNDS

YOU WILL RECEIVE $ 1.23

READY.

Problem 3-11 Listing

10 PRINT "ALL DIMENSIONS ARE IN"
20 PRINT "FEET !!!"

30 PRINT

40 INPUT "LENGTH ";L

50 INPUT "WIDTH ";W

60 PRINT

70 PRINT (L*W)/43560 "ACRES"

80 END
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Problem 3-11 Sample Run

ALL DIMENSIONS ARE IN

FEE

T I

LENGTH ? 300
WIDTH ? 456

3.14049587 ACRES

REA

DY.

ALL DIMENSIONS ARE IN

FEE

T !

LENGTH ? 3028
WIDTH ? 1120

77.8549128 ACRES

REA

DY.

Problem 3-15 Listing

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170

PRINT "HOW MANY DOLLARS 0O"
INPUT "YOU HAVE IN THE BANK";M
PRINT
PRINT "WHAT IS THE YEARLY"
PRINT "INTEREST RATE"
PRINT "(THIS WILL BE DIVIDED"
PRINT "BY 12 TO GIVE YOU THE"
INPUT "MONTHLY RATE)";I
MR=(1/100)/12

X=1

M=M+ (M*MR)

X=X+1

IF X<13 THEN 110

PRINT

PRINT "YOU NOW HAVE";M
PRINT "IN THE BANK"

END
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Problem 3-15 Sample Run

HOW MANY DOLLARS DO
YOU HAVE IN THE BANK? 100

WHAT IS THE YEARLY
INTEREST RATE

(THIS WILL BE DIVIDED
BY 12 TO GIVE YOU THE
MONTHLY RATE)? 8

YOU NOW HAVE 108.299951
IN THE BANK

READY.

CHAPTER 4
Problem 4-1 Listing

10 INPUT "FIRST NUMBER";A

20 INPUT "SECOND NUMBER";B

30 INPUT "THIRD NUMBER";C

40 IF (A<B) AND (A<C) THEN X=(B*C)/A
50 IF (B<A) AND (B<C) THEN X=(A*C)/B
60 IF (C<A) AND (C<B) THEN X=(A*B)/C
70 PRINT "ANSWER";X

80 PRINT: GOTO 10

Problem 4-1 Sample Run

FIRST NUMBER ? 5
SECOND NUMBER ? 6
THIRD NUMBER ? 2
ANSWER 15

FIRST NUMBER 7 8
SECOND NUMBER ? 3
THIRD NUMBER ? 6
ANSWER 16
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Pro

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
265
270

blem 4-3 Listing

PRINT "HOW MUCH MONEY DO"

INPUT "YOU WANT TO CHANGE";M

IF M<=0 THEN 10
PRINT
Q=0
D=0
N=0
M=M-.25
IF M<0 THEN 120
Q=Q+1
GOTO 80
M=M+.25
M=M-.10
IF M<0 THEN 170
D=D+1
GOTO 130
M=M+.10
M=M-.05
IF M<0 THEN 220
N=N+1
GOTO 180
P=INT((M+.051)%100)
PRINT "QUARTERS:";Q
PRINT "DIMES:";D
PRINT "NICKELS:";N
PRINT "PENNIES:";P
PRINT
GOTO 10

Problem 4-3 Sample Run

HOW
You

QUA
DIM
NIC
PEN

HOW
You

QUA
DIM
NIC
PEN

MUCH MONEY DO
WANT TO CHANGE? 2.39

RTERS: 9
ES: 1

KELS: O
NIES: &4

MUCH MONEY DO
WANT TO CHANGE? 1.47

RTERS: 5
ES: 2

KELS: O

NIES: 2
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Problem 4-6 Listing

10 A=INT(RND(1)*50)
20 B=INT(RND(1)*50)

30 PRINT A;" + ";B;" =";
40 INPUT @

50 IF Q<>A+B THEN 30

60 60TO 10

Problem 4-6 Sample Run

46 + 27 =271
6 + 13 =719

12 + 10 =7 22
14 + 11 =2 20
14 + 11 =7 24
14 + 11 =7 25
10 + 45 =72 55
15 + 32 =7 47
33 + 48 =

Problem 4-8 Listing

10 Q@=INT(RND(1)*100)

20 INPUT "YOUR GUESS";G

30 IF 6<Q THEN PRINT "TOO LOW"
40 IF G>Q THEN PRINT "TOO HIGH"
50 IF G<>Q THEN 20

60 PRINT "THAT'S RIGHT"

70 GOTO 10
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Problem 4-8 Sample Run

YOUR GUESS ? 50

TOO LOW
YOUR GUESS
TOO HIGH
YOUR GUESS
TOO0 HIGH
YOUR GUESS
TOO LOW
YOUR GUESS
TOO LOW
YOUR GUESS

?

?

?

?

?

THAT'S RIGHT

YOUR GUESS
TOO LOW
YOUR GUESS
TOO HIGH
YOUR GUESS
TOO HIGH
YOUR GUESS
TOO LOW
YOUR GUESS

?

?

?

?

)

THAT'S RIGHT

75
62
56
59

61

50
75
62
56

59
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Problem 4-11 Listing

10 INPUT "DAY OF YEAR";N
12 IF N>31 THEN 20
14 PRINT "JANUARY";
16 GOTO 200

20 N=N-31

22 IF N>28 THEN 30
24 PRINT "FEBRUARY";
26 GOTO 200

30 N=N-28

32 IF N>31 THEN 40
34 PRINT "MARCH";

36 GOTO 200

40 N=N-31

42 IF N>30 THEN 50
44 PRINT "APRIL";

46 GOTO 200

50 N=N-30

52 IF N>31 THEN 60
54 PRINT "MAY";

56 GOTO 200

60 N=N-31

62 IF N>30 THEN 70
64 PRINT "JUNE";

66 GOTO 200

70 N=N-30

72 IF N>31 THEN 80
74 PRINT "JULY";

76 GOTO 200

80 N=N-31

82 IF N>31 THEN 90
84 PRINT "AUGUST";
86 GOTO 200

90 N=N-31

92 IF N>30 THEN 100
94 PRINT "SEPTEMBER";
96 GOTO 200

100 N=N-30

102 IF N>31 THEN 110
104 PRINT "OCTOBER";
106 GO0TO 200

110 N=N-31

112 IF N>30 THEN 120
114 PRINT "NOVEMBER";
116 GOTO 200

120 N=N-30

124 PRINT "DECEMBER";
200 PRINT N

210 PRINT

220 GO0TO 10
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Problem 4-11 Sample Run

DAY OF YEAR? 1
JANUARY 1

DAY OF YEAR? 15
JANUARY 15

DAY OF YEAR? 100

APR

IL 10

DAY OF YEAR? 365
DECEMBER 31

Problem 4-13 Listing

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280

PRINT
PRINT
INPUT
PRINT
X=1
TC=0
INPUT
TC=TC+
X=X+1
IF X<
PRINT
PRINT
PRINT
X=1
T0=0
PRINT
INPUT
PRINT
INPUT
TD=TD
X=X+1
IF X<
PRINT
INPUT
PRINT
PRINT
PRINT
END

"HOW MANY CHECKS DID"
"YOU WRITE THIS"
"MONTH" ;NC

"AMOUNT OF CHECK";A
A

=NC THEN 70

"TOTAL OF CHECKS";TC

"NUMBER OF"
"DEPOSITS";ND

"DEPOSIT AMT.";D
+D

=ND THEN 190

"PREVIOUS BALANCE";PB
"CHECKS";TC
"DEPOSITS";TD

"NEW BALANCE";PB+TD-TC

321



Problem 4-13 Sample Run

HOW MANY CHECKS DID
YOU WRITE THIS
MONTH? 3

AMOUNT OF CHECK? 10
AMOUNT OF CHECK? -20
AMOUNT OF CHECK? 5

TOTAL OF CHECKS 35

NUMBER OF
DEPOSITS? 2

DEPOSIT AMT.? 35
DEPOSIT AMT.? 65

PREVIOUS BALANCE? 300
CHECKS 35

DEPOSITS 100

NEW BALANCE 365

CHAPTER 5
Problem 5-1 Listing

100 PRINT "CSHIFT] [CLEAR/HOME]";
110 FOR I=0 TO 20

120 PRINT TAB(I) "LCSHIFT1 CMI"
130 NEXT

140 GOTO 140

Problem 5-3 Listing

10 PRINT "CSHIFT] LCLEAR/HOME]"

20 PRINT "THIS MESSAGE GETS YOUR ATTENTION"
30 FOR J=1 TO 200: NEXT J

40 PRINT "[CSHIFT] CCLEAR/HOMEI1"

50 FOR J=1 TO 200: NEXT J

60 GoTO0 20
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Problem 5-5 Listing

10 PRINT

20 PRINT "ADD -1

30 PRINT "SUBTRACT - 2"

40 PRINT "MULTIPLY - 3"

50 PRINT "DIVIDE - 4"

60 PRINT: INPUT "COMMAND ";C
70 C=INT(C)

80 IF (C<1 OR C>4) THEN 60
90 ON C GOSuB 200,300,400,500
95 GO0TO 10

100 PRINT: INPUT "NUMBERS ";X,Y
110 RETURN

200 cosus 100

210 A=X+Y

220 PRINT "RESULT IS ";A

230 RETURN

300 cosus 100

310 A=X-Y

320 G6O0TO 220

400 cosus 100

410 A=X*Y

420 60TO 220

500 cosus 100

510 A=X/Y

520 GOTO 220

Problem 5-5 Sample Run

ADD -
SUBTRACT
MULTIPLY
DIVIDE

1
FYIVE NN

COMMAND ? 1

NUMBERS ? 2 , 3
RESULT IS 5

ADD -
SUBTRACT
MULTIPLY
DIVIDE

]
W SUWND =

COMMAND ?

NUMBERS ? 6.5 , 7.2
RESULT IS 46.8
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Problem 5-7 Listing

10 FOR I=2 T0O0 100

20 FOR X=2 TO0 I

30 IF (I/X)<>CINTC(I/X)) THEN 40
35 B=B+1

40 NEXT X

50 IF B=1 THEN PRINT I

60 B=0: NEXT I

70 END

Problem 5-7 Sample Run

Problem 5-9 Listing

10 DIM T(6)

20 FOR I=1 TO 100

30 X=1+INT(RND(0)*5.999)
40 TCX)=T(X)+1

50 NEXT

60 FOR I=1 TO 6

70 PRINT I;": ";T(I)

80 NEXT

90 END
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Problem 5-9 Sample Run

s 25
7
21
14
17
16

VAW -

Problem 5-11 Listing

10 DIM C(52)

20 FOR I=0 70 3

30 FOR J=1 TO0 13

40 C(I*13+J)=J

50 NEXT J

60 NEXT I

70 S=INT(RND(1)%3.9999)

80 V=1+INT(RND(1)%12.9999)

90 A=C(S*13+V)

100 IF A=0 THEN 70

110 C(s*13+Vv)=0

120 ON S+1 GOsSuB 200,210,220,230
125 PRINT TAB(10);

130 IF A=1 THEN 170

131 IF A=11 THEN 171

132 IF A=12 THEN 172

133 IF A=13 THEN 173

140 PRINT A

150 6070 70

170 PRINT "ACE": GOTO 70

171 PRINT "JACK": GOTO 70

172 PRINT "QUEEN": GOTO 70

173 PRINT "KING": GOTO 70

200 PRINT "SPADES: ";: RETURN
210 PRINT "HEARTS: ";: RETURN
220 PRINT "DIAMONDS: ";: RETURN
230 PRINT "cCLUBS: ";: RETURN
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Problem 5-11 Sample Run

SPADES: 10
cLuss: 6
HEARTS: KING
SPADES: 9
SPADES: 2
DIAMONDS: 3
CLUBS: ACE
DIAMONDS: 7
cLUBS: 4
CLUBS: 5
CLUBS: KING
CLUBS: 2
cLUBS: JACK
HEARTS: ACE
HEARTS: QUEEN
SPADES: QUEEN
DIAMONDS: 10
cLuBsS: 7
HEARTS: 6
HEARTS: 4
DIAMONDS: ACE
DIAMONDS: JACK
CLUBS: QUEEN
SPADES: JACK
HEARTS: 9
cLUBS: 8
HEARTS: 3
HEARTS: 5
DIAMONDS: QUEEN
CLUBS: 9
DIAMONDS: 2
HEARTS: 8
CLUBS: 3
DIAMONDS: 4
cLUBS: 10
DIAMONDS: 9
SPADES: 4
HEARTS: JACK
SPADES: 3
SPADES: ACE
HEARTS: 2
HEARTS: 7
HEARTS: 10
SPADES: 7
DIAMONDS: 6
DIAMONDS: 5
DIAMONDS: 8
SPADES: 8
SPADES: KING
SPADES: 6
DIAMONDS: KING
SPADES: 5
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CHAPTER 6
Problem 6-2 Listing

10 PRINT: INPUT "STRING TO SPLIT";A$
20 L=LEN(AS)

30 H=INT(L/2)

40 PRINT MID$S(AS,1,H)

50 PRINT MIDS(AS,H+1,L-H)

60 60TO 10

Problem 6-2 Sample Run

STRING TO SPLIT? MICROCOMPUTER
MICROC
OMPUTER

STRING TO SPLIT? SPLIT THIS STRING !
SPLIT THI

S STRING !

Problem 6-3 Listing

10 DIM N$(5), AS$(5)

20 FOR X =1 70 5

30 PRINT

40 INPUT "NAME"; N$(X)

50 INPUT "AGE"; AS$(X)

60 NEXT X

70 PRINT: INPUT "NAME OR AGE"; BS

80 K =1

90 IF B$ = N$(K) THEN PRINT "AGE IS "; A$(K): GOTO 70
100 IF B$ = A$(K) THEN PRINT "NAME IS "; N$(K): GOTO 70
110 K = K + 1: IF K<6 THEN 90

120 PRINT "NO SUCH PERSON!": GOTO 70
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Problem 6-3 Sample Run

NAME? WENDY
AGE? 19

NAME? BILL
AGE? 34

NAME? LOIS
AGE? 33

NAME? HENRY
AGE? 23

NAME? MARGARET
AGE? 36

NAME OR AGE? WENDY
AGE IS 19

NAME OR AGE? 23
NAME IS HENRY

NAME OR AGE? JIM
NO SUCH PERSON!

NAME OR AGE? 45
NO SUCH PERSON!

Problem 6-5 Listing

5 DIM S$$(50)

10 PRINT: PRINT: PRINT "STRING TO": INPUT "SCRAMBLE";W$
20 L=LEN(WS)

30 FOR I=1 TO L

40 S$S(I)=MIDS(WS$,I,1)

50 NEXT

60 FOR I=1 TO L

70 Z=INT(RND(1)*(L+.999))

80 IF $$(Z)="" THEN 70

90 PRINT S$(2);: s$(z)=""

100 NEXT

110 B$="": PRINT: PRINT: PRINT "2 ";
120 FOR I=1 TO L

130 GET A$: IF A$="" THEN 130

140 PRINT AS;: B$S=B$+AS

150 NEXT

160 IF B$=W$ THEN 10

170 PRINT: PRINT "TRY AGAIN": GOTO 110
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Problem 6-6 Listing

100 L=(22-LENC(A$))/2
110 PRINT TAB(L) AS
120 RETURN

Problem 6-7 Listing

10 INPUT "STRING TO USE";AS$
20 PRINT

30 FOR K=1 TO LEN(AS$)

40 PRINT MID$(AS$,1,K)

50 NEXT

60 PRINT: GOTO 10

Problem 6-7 Sample Run
STRING TO USE? ORANGE

0

OR

ORA
ORAN
ORANG
ORANGE

STRING TO USE? MICROCOMPUTER

M

MI

MIC

MICR

MICRO

MICROC
MICROCO
MICROCOM
MICROCOMP
MICROCOMPU
MICROCOMPUT
MICROCOMPUTE
MICROCOMPUTER
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Problem 6-9 Listing

10
20
30
40
50
60
70
80
90
100
110
120
130
150
160

DIM S$(5)

FOR I=1 TO 5

PRINT "STRING";I;: INPUT S$(I)
NEXT

FOR I=1 TO 5

T$="z222721"

FOR J=1 T0 5

IF S$(J)<T$ THEN T$=S$(J)
NEXT

FOR G=1 TO 5

IF $$(G)=T$ THEN S$(G)="zzZZ21"
NEXT

PRINT T$

NEXT

END

Problem 6-9 Sample Run

STRING 1 ?HOUSE
STRING 2 ?DOORMAT
STRING 3 ?KITCHEN
STRING 4 ?HALLWAY
STRING 5 ?WINDOW
DOORMAT

HALLWAY

HOUSE

KITCHEN

WINDOW
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Problem 6-10 Listing

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160

DATA "JANUARY",31
DATA "FEBRUARY",28
DATA "MARCH",31
DATA "APRIL",30
DATA "MAY",31
DATA "JUNE",30
DATA "JULY",31
DATA "AUGUST",31
DATA "SEPTEMBER",30
DATA "OCTOBER",31
DATA "NOVEMBER",30
DATA "DECEMBER",31
INPUT "DAY";D
READ M$,A
IF D>A THEN D=D-A: GOTO 140
PRINT M$;D: RESTORE: GOTO 130

Problem 6-11 Listing

10
20
30
40
50
60
70
80
90
100
110

PRINT: INPUT "INPUT A NUMBER";N
N$=STRS (N)

L=LEN(NS)-1
B$=ll"
K=0
B$=MIDS (NS,L+1,1)+BS
L=L-1: IF L=0 THEN 110
K=K+1: IF K<3 THEN 60
B$=","+B$

60TO 50

PRINT BS: GOTO 10

331



Problem 6-11 Sample Run

INPUT A NUMBER? 1

1

INPUT A NUMBER? 12

12

INPUT A NUMBER? 123
123

INPUT A NUMBER? 1234
1,234

INPUT A NUMBER? 12345
12,345

INPUT A NUMBER? 123456
123,456

INPUT A NUMBER? 1234567
1,234,567

Problem 6-13 Listing

10
20
30
40
50
60
70
80
90
100

332

INPUT "MESSAGE";M$
L=LEN(M$)
M$=M$+" [4 SPACES] "+MS$
PRINT "[CSHIFT] CCLEAR/HOMEI";
1=1
PRINT MID$(MS$,I,21)
FOR K=1 TO 300: NEXT
PRINT "LSHIFT] CCLEAR/HOME]";
I=I+1: IF I=L+5 THEN 40
GOTO 60



Problem 6-14 Listing

10 PRINT: PRINT "HOW MANY TIME DELAYS"
20 INPUT "WOULD YOU LIKE";N

30 pIM AS(N) ’

40 FOR I=1 TO N

S0 PRINT "DELAY ";I;: INPUT B$
60 A$(CI)=RIGHT$("000000"+8%,6)
70 NEXT

80 FOR I=1 TO N

90 TI1$="000000"

100 IF TI$<A$(I) THEN 100

110 PRINT "TIME";I;'"HAS ELAPSED"
120 NEXT

130 END

CHAPTER 7
Problem 7-3 Listing

300 PRINT "ANGLE SIN"
305 FOR I=0 TO 350 STEP 10

310 A=(1/360)%2*3.14159

320 PRINT I,SINCA)

330 NEXT

340 END
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Problem 7-3 Sample Run

ANGLE SIN

0 0

10 .173648033
20 .342019866
30 499999598
40 642787158
50 .766043969
60 .866024962
70 .939692268
80 .984807548
90 1

100 .984808009
110 939693175
120 .866026288
130 -766045674
140 64278919
150 .500001915
160 .342022359
170 173650645
180 2.65227048E-06
190 -.17364542
200 -.342017373
210 -.49999732
220 -.6427385126
230 -.766042265
240 -.866023636
250 -.93969136
260 -.984807088
270 =1

280 ~.984808469
290 -.939694083
300 ~.866027614
310 -.76604738
320 -.642791222
330 -.500004212
340 -.342024853
350 -.173653257
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Problem 7-5 Listing

2000
2010
2020
2030
2040
2050

PRINT "ANGLE TAN SIN/COS™
INPUT A

PRINT A,

A=(A/360)*2%3.14159

PRINT TANCA), SINCA)/COS(A)

6OTO 2010

Problem 7-5 Sample Run

ANGLE TAN SIN/COS

10 176326829 .176326829

60 1.73204727 1.73204727
130 =1.19175823 -1.19175823
190 176324093 176324093
230 1.19174539 1.19174539
305 -1.42816167 -1.42816166
355 -.0874939371 -.0874939371

CHAPTER 8

Problem 8-1 Listing

10 POKE 36879,91

Problem 8-3 Listing

10
20
30
40
45
50
60
65
70
80
90

X=11: PRINT "LCSHIFT] LCLEAR/HOMEJ"
D=1-INT(RND(1)*2.9999)

POKE 7680+X,32: REM WIPE OUT PREVIOUS DIAMOND
X=D+X : REM CALCULATE NEW POSITION
REM DON'T EXCEED THE SCREEN LIMITS

IF X<0 THEN X=0

IF X>21 THEN X=21

REM POKE THE CHARACTER THEN THE COLOR
POKE 7680+X,90: POKE 38400+X,0

FOR J=1 TO 100: NEXT

GOTO 20
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Pro

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
300
310
320
330
340
350
360

blem 8-6 Listing

PRINT "L[SHIFT] CCLEAR/HOME]"
X=0: Y=0

FOR X=0 TO 20.5
GOsuB 300
NEXT

FOR Y=0 TO 21.5

GOSUB 300

NEXT

FOR X=21 T0 0.5 STEP -1
GOSUB 300

NEXT

FOR Y=22 TO 0.5 STEP -1
GOsSuB 300

NEXT

GOTO 10
S=7680+X+(Y*22)
C=38400+X+(Y*22)

POKE S,42

POKE C,2

FOR J=1 TO 20: NEXT
POKE §,32

RETURN

Problem 8-9 Listing

10
20
30
35
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180

336

X=11: Y=10

INPUT AS$

A=ASC(AS$)-64

PRINT “[SHIFT] [CLEAR/HOME]";
P=X+Y%*22

$=7680: C=38400

POKE S+P,A: POKE c+pP,0

GET A$: IF A$="" THEN 70
B=ASC(AS$)
IF B=17 THEN Y=Y+1

IF B=29 THEN X=X+1
IF B=145 THEN Y=Y-1
IF B=157 THEN X=X-1
IF X<0 THEN X=0

IF X>21 THEN Xx=21
IF Y<0 THEN Y=0

IF Y>22 THEN Y=22
POKE S+P,32

GOTO 40



AN

\

Problel;‘\\ 8-11 Listing

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160

Pro

10
20
30
40
50
60
70
80
90

X=11:58=0: PRINT "“CSHIFT] LCLEAR/HOME]"
POKE 8164+X,30: POKE 38884+X,0
GET A$: IF A$<>"" THEN 90
IF s=0 THEN 30
POKE D+P,32
D=D-44: DC=DC-44
IF D<7680 THEN S=0: G60TO 30
POKE D+P,46: POKE DC+P,2: GOTO 30
IF A$<>"V" THEN 120
POKE 8164+X,32: X=X-1: IF X<0 THEN X=0
GOTO 140
IF A$<>"N" THEN 150
POKE 8164+X,32: X=X+1: IF X>21 THEN X=21
POKE 8164+X,30: POKE 38884+X,0: GOTO 40
IF $=1 THEN 30
P=X: S$=1: D=8142: DC=38862: GOTO 50

blem 8-13 Listing

PRINT "CSHIFT] L[CLEAR/HOME]";: X=0

Y=INT(RND (1)*21) :REM GET RANDOM Y POSITION
FOR X=0 TO 21 tREM X POSITION

POKE 7680+X-1+(Y*22) ,32 :REM CLEAR PREVIOUS ASTERISK
POKE 7680+X+(Y*22) ,42 :REM POKE THE ASTERISK

POKE 38400+X+(Y*22),0 :REM POKE THE COLOR (BLACK)
FOR J=1 TO 30: NEXT J tREM WAIT A LITTLE

NEXT :REM GENERATE A NEW X POSITION
GoTO 10 :REM DO ANOTHER LINE
CHAPTER 9

Problem 9-1 Listing

10
20
30
40
50
60
70

GET A$: IF AS$ =
A = VAL(AS) + 1
FOR K = 1 TO A: READ T: NEXT
POKE 36874,T: POKE 36878,8
RESTORE: 60TO 10

DATA 135, 140, 150, 160, 170
DATA 180, 190, 200, 210, 220

"" THEN 10
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Problem 9-3 Listing

10 DIM A(50): K=0

20 INPUT "SOUND VALUE";X
30 IF X=99 THEN 50

40 A(K)=X: K=K+1: 60TO 20
50 FOR J=0 TO K

60 POKE 36878,8
70 POKE 36876,ACJ)
80 FOR L=0 TO 100:
90 NEXT

100 GoTO 50

NEXT

Problem 9-6 Listing

10 S=128+(RND(1)*127)
20 D=RND(1)*1020

30 POKE 36878,8

40 POKE 36875,S

50 FOR J=0 TO D: NEXT
60 6o0TO 10
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Referemnces -

INTERESTING MAGAZINES FOR VIC 20 OWNERS

Commodore—The Microcomputer Magazine. 1200 Wilson Drive,
West Chester, PA 19380. Specific to the Commodore line of
computers— VIC 20, Commodore 64, and PET. Adult level.

Power/Play-The Home Computer Magazine. 1200 Wilson Drive,
West Chester, PA 19380. Specific to the Commodore line of com-
puters. Aimed at the individual user who wants programs to run.
Also contains general articles. Adult level.

Compute! P.0. Box 5406, Greensboro, NC 27403. General comput-
er magazine that covers most popular small computers. Contains
programs, articles, columns, and reviews. High school through
adult level.

Creative Computing. P.O. Box 5214, Boulder, CO 80321. General
computer magazine that contains mainly recreational and game
programs, plus reviews. High school through adult level.

BUSINESS-RELATED BOOKS

Barden, William Jr. What Do You Do After You Plug It In? In-
dianapolis: Howard W. Sams & Co., Inc., 1983.
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Beasley, Jack O. Microcomputers on the Farm. Indianapolis:
Howard W. Sams & Co., Inc., 1983.

Blumenthal, Susan. Understanding and Buying a Small-Business
Computer. Indianapolis: Howard W. Sams & Co., Inc., 1982.

Brooner, E. G. Basic Business Software. Indianapolis: Howard W.
Sams & Co., Inc. 1980.

Brooner, E. G. Microcomputer Data-Base Management. In-
dianapolis: Howard W. Sams & Co., Inc., 1982.

Digital Equipment Corp. Guide to Personal Computing. Maynard,
MA: Digital Equipment Corp., 1982.

Eischen, Martha. Compuguide. Beaverton, OR: Dilithium Press,
1982.

Jong, Steven F. Word Processing for Small Businesses. In-
dianapolis: Howard W. Sams & Co., Inc., 1983.
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Index

A

Action keys, 23-32
AND operation, 108-109
Arithmetic operations, 67-82
combining operations, 78-80
inputting values, 73-75
multiple operations on a single line,
71-78
order of precedence, 79-81
setting up the problem, 68-69
use of parentheses, 80-82
using labels, 72-73
using messages, 74
Array of information, 145
DATA and READ commands, 153
size of, 151-152
use of, 150-151

BASIC, 43
Basic VIC 20 system, 17-20
Boole, George, 111

Boolean algebra, 111
Branching program, 89, 91

C

Cable assembly, 17, 19-20
Cassette unit, 261-274
GET command, 271-273
getting data, 267-269
LOAD, 262
SAVE, 262
saving information, 263-267
VERIFY, 262
Clearing the screen, 26-27
CLR/HOME key, 25-28
Codes, ASCII, 237
Color keys, 35-37
Colors, changing on screen, 217-220
controls, 219-220
symbols, 218
CTRL key, 217-218
reversing characters, 218
Commands, 44
Comments, use of in programs, 82-83
CONT command, 94
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CTRL key, 36-38
Cursor, 20
action keys, 25-28

DATA and READ commands, use of
153-155

Deleting characters, 30-32

Displays and graphics, advanced, 222-
238

characters, second set of, 236
flashing sign, 232-235
filling the TV screen, 223-230
PEEK command, 235-236
POKE command, 230-232
reversed characters, 232
screens and borders, 236-237
Drawing pictures, 32-35

END command, 105
Entering a program, 45-47

F

FOR-NEXT Command, 131-132
counting loops, 131-132, 141

&

GET command, 174-178
building a string, 176-177
getting a few characters, 177-178
use of, 175-176
with cassette, 271-274
Getting data from a cassette, 267-269
GOTO command, 89-94
Graphic keys, 32-35
Graphic printer, 274-278
control codes, 278
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Graphic printer—cont
starting, 275-278
secondary address, 275

Hardware care, 283-295
cleaning, 288-289
positioning, 284
power, 285-288
protection, 285
statie, 285
troubleshooting, 289-290

IF-THEN

command, 128

operations, 100-110
Information storage, 147-150
INPUT command, 44, 73-75
INPUT, unusual characters, 166
Input/output devices, 43
Inputting strings, 57-58
Inserting characters, 30-32
INST/DEL key, 28-32, 83-85
INT operation, 114-115

precautions, 115-116

3

Joystick controls, 279-281

Keyboard, 20-21

Labels, 50-59



Labels —cont
in math problems, 72-73
LEFT$ and RIGHT$ operations,
use of in strings, 170-171
Line numbers, 44
LIST command, 45
Listing a program, 45-47
Logarithms, 203-205
Logical operations, 108-111
AND, 108, 109
NOT, 111
OR, 108-109
Logs, VIC 20, 205-206
Loop
nested, 136-139
use of, 135-136
average of several values, 135
number of values used, 135
Loop counter, 131
Loops, 94-98
IF-THEN, 100-110

Messages in INPUT and PRINT com-
mands, 59-63

Mixed labels, 58-59

Moving the cursor, 27-28

N

NEW command, 69
Noise, adding to program, 255-257
NOT operation, 111

o

ON command, 128-131
On/off power switch, 20
OR operation, 108-109

P

Parentheses, in math operations, 80-82
PEEK command, 235-236
PI, value of, 190-193
use of, 193
POKE command, 230-234
Positioning numbers on the screen, 125
Power
module, 17-19
switch, 20
PRINT command, 44
Printing in columns and rows, 126
Printing keys, 21-23
Printing messages in INPUT and
PRINT commands, 59-63
Program lines, multiple operations on,
77-78
Program and memory cartridges, 259-
261

Random numbers 112-115
REM statement, 82
Remarks, use of in programs, 82-83
RESTORE key, 95-96
RETURN key, 45
Reverse printing, 37-38
Reversed printing, 221-222
RND(1) operation, 112-115
RUN command, 47
Running a program, 47-49
RUN/STOP key, 94-98
RVS OFF key, 38

RVS ON key, 38

Saving information on a cassette, 263-
267

Saving strings on a tape, 269-271

Screens and borders, 236-237

SHIFT key, 23-26

SHIFT LOCK key, 25
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Software selection, 291-295
demonstrations and documentation,
292
flexibility of programs, 295
information and references, 291-292
protection, 295
testing programs, 293-294
updates and revisions, 294-295
whats available, 291
Sound from the VIC 20, 244-257
changing the speakers, 251-252
changing the tone, 249-251
musical tone codes, 246
noise, 255-257
setting the volume, 245-248
use in a program, 252-255
SPC command, 212-216
and TAB operations, 212-213
moving the cursor, 213-216
Special codes, 206-208
ASCII, 207
value, 208
Special symbols, 124-125
Specialty printing, 122-124
clearing the screen, 123-124
Square root, 187-190
calculations, 190
Pythagorean Theorem, 188
Straight-line program, 89, 91
Strings, 54-58, 160-186
building of, 164-165
GET command, 174
middle, MID$, 173
untangling, 169-170
use of, 161-164
decisions regarding, 167-169
values, 180-182
Subroutines, 142-147
use of, 143, 144-146
Subscripts, arrays, 151
Supplies of VIC-20 cartridges
and cassettes, 282
Switch box, TV/computer, 19-20
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T

TAB command, 126-128
use of, 127-128
Tables, information storage, 148
array of information, 149
labels, 149
subscripts, 151
use of, 150-151
TAN “” keys, 208-209
Telling time, 178-180
real-time clock, 178
using VIC 20’s clock, 179-180
Testing a value, ON command, 128-131
Trigonometry, 193-202
VIC 20, 197-198
using trig functions, 198-203
TV/Computer switch box, 19-20

U

Untangling strings, 169-170
length, 169-170
Using sound in a program, 252-255

Values, 54-57
and strings, 181
VIC 20 labels, 52-54

Word-guessing program, 171-173









The Blacksburg Group

According to Business Week magazine (Technology July 6, 1976) large scale integrated circuits or LSI “chips” are
creating a second industrial revolution that will quickly involve us all. The speed of the developments in this area
is breathtaking and it becomes more and more difficult to keep up with the rapid advances that are being made. It
is also becoming difficult for newcomers to "get on board.”

It has been our objective, as the Blacksburg Group, to develop timely and effective educational materials that
will permit students, engineers, scientists, technicians and others to quickly learn how to use new technologies
and electronic techniques. We continue to do this through several means, textbooks, short courses, seminars
and through the development of special electronic devices and training aids.

Our group members make their home in Blacksburg, found in the Appalachian Mountains of southwestern
Virginia. While we didn't actively start our group collaboration until the Spring of 1974, members of our group
have been involved in digital electronics, minicomputers and microcomputers for some time.

Some of our past experiences and on-going efforts include the following:

—The design and development of what is considered to be the first popular hobbyist computer. The Mark-8 was
featured in Radio-Electronics magazine in 1974. We have also designed several 8080-based computers, including
the MMD-1 system. Our most recent computer is an 8085-based computer for educational use, and for use in
small controllers.

—The Blacksburg Continuing Education Series™ covers subjects ranging from basic electronics through micro-
computers, operational amplifiers, and active filters. Test experiments and examples have been provided in each
book. We are strong believers in the use of detailed experiments and examples to reinforce basic concepts. This
series originally started as our Bugbook series and many titles are now being translated into Chinese, Japanese,
German and Italian.

—We have pioneered the use of small, self-contained computers in hands-on courses for microcomputer users.
Many of our designs have evolved into commercial products that are marketed by E&L Instruments and PACCOM,
and available from Group Technology, Ltd., Check, VA 24072.

—Our short courses and seminar programs have been presented throughout the world. Programs are offered by
the Blacksburg Group, and by the Virginia Polytechnic Institute Extension Division. Each series of courses pro-
vides hands-on experience with real computers and electronic devices. Courses and seminars are provided on a
reqular basis, and are also provided for groups, companies and schools at a site of their choosing. We are strong
believers in practical laboratory exercises, so much time is spent working with electronic equipment, computers
and circuits.

Additional information may be obtained from Dr. Chris Titus, the Blacksburg Group, Inc. (703) 951-9030 or from Dr.
Linda Leffel, Virginia Tech Continuing Education Center (703) 961-5241.

Our group members are Mr. David G. Larsen, who is on the faculty of the Department of Chemistry at Virgina
Tech, and Drs. Jon Titus and Chris Titus who work full-time with the Blacksburg Group, all of Blacksburg, VA.



SAMS

VIC 20"
Starter Book

B An interesting and enjoyable introduction to programming
and understanding the Commodore VIC 20 computer.

B Written especially for the first-time computer user who
wants to learn quickly about computer programming and
what the VIC 20 can do.

B Avoids the highly technical details and terminology that
only tend to confuse the novice programmer.

B Contains many programming experiments to help the
reader learn about the VIC 20 and to reinforce the
material being discussed.

B Includes questions and programming problems for
readers to try and solve on their own—answers to
questions and solutions to selected problems are provided
at the end of the book.

B Covers accessories for the VIC 20, including the cassette
tape unit, the graphics printer, the joystick, and plug-in
program and memory cartridges. Also discusses proper
care of the computer and how to intelligently evaluate and
select packaged programs or “software.”

ard W. Sams & Co., Inc.
62nd Street, Indianapolis, Indiana 46268 U.S.A.

ISBN: 0-672-22258-2




