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PREFACE

Anyone planning to teach a BASIC programming
course using Commodore 64™ / VIC 20™ personal com¬
puters is faced with the problem of selecting an
appropriate text. Programming manuals provided by
the manufacturer are generally intended for reference
rather than for teaching purposes. Standard textbooks
on BASIC programming will describe a BASIC
language that varies enough from Commodore 64/
VIC 20 BASIC to lead to considerable frustration on
the part of the student. In addition, such texts will be
of no help in learning to use the graphics capability of
the Commodore 64/ VIC 20. This is unfortunate, since
most interesting programs on the Commodore 64/
VIC 20 involve graphics.

This book is designed to be used as a text for
learning to program in BASIC using a Commodore
64/ VIC 20. It is suitable for introductory program¬
ming courses at the high school, junior college, and
university levels. It can also be used for self-study with
a Commodore 64/ VIC 20 computer.

Companion texts entitled Apple BASIC, TRS-80
Extended Color BASIC, Atari BASIC, PET/ CBM
BASIC, TI BASIC, and IBM PC BASIC Program¬
ming are also available for use with these computers.

The strategy of this book is “learning by doing.”
The student is led step by step through all aspects of
BASIC programming on a Commodore 64/ VIC 20.

All examples are illustrated with actual photographs
of a Commodore 64/ VIC 20 screen. Many of the
fundamental programming ideas are developed using
examples involving graphics. This has the advantage
of providing a direct visual picture of what the
program is doing. In addition it provides examples
that will be useful to anyone wishing to write
Commodore 64/ VIC 20 programs for specific appli¬
cations.

Chapter 1 introduces the Commodore 64/ VIC 20
keyboard and the drawing of simple graphic figures.
Getting the Commodore 64/ VIC 20 to draw figures by
using the PRINT statement with string variables is
accomplished in Chapter 2. Chapter 3 discusses the
general nature of BASIC programs and the operation
of the cassette tape recorder and floppy disk drive.

Chapter 4 covers numerical variables, arithmetic
expressions, Commodore 64/ VIC 20 built-in func¬
tions, and more graphics. The INPUT statement is
covered in Chapter 5, with examples including the
drawing of custom checkerboard patterns. Chapter 6
introduces the IF...THEN statement and relational
and logical operators. The checkerboard patterns now
become random.

The important topic of loops is introduced in
Chapter 7 and continued in Chapter 8, where the
American flag is displayed on the screen. The use of
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subroutines is covered in Chapter9, where the student
learns to produce his or her name in three-dimensional
letters on the screen.

The READ...DATA statement is introduced in
Chapter 10, where the drawing of bar graphs is
covered. Chapter 1 1 describes the GET statement and
uses it to draw pictures interactively on the screen and
to move a fighter plane around the screen and fire the
plane’s phasers.

Arrays and the ON...GOSUB statement are dis¬
cussed in Chapter 12. String functions are described in
detail in Chapter 13, with examples given for dealing a
hand of cards. Chapter 14 describes the use of the

PEEK and POKE statements and includes more
graphics, the use of lower-case letters, and the
production of sound. Chapter 15 describes the
development of two complete programs: the hangman
word game, and a Commodore 64/ VIC 20 organ that
plays three octaves of musical notes.

Students who complete this text will gain a solid
foundation in fundamental programming techniques
and will acquire the particular skill of being able to
program the Commodore 64/ VIC 20 computers using
BASIC. Special thanks go to Sharon Rix, who typed
the manuscript with skill, patience, and good humor.
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LEARNING TO USE THE
COMMODORE 64/VIC 20 KEYBOARD

There is only one way to learn how to program a
computer: you must write programs and run them on
the computer. It is not possible to learn to program by
reading about it. Programming is an action activity.
You must do it. This book is designed to help you learn
how to program in the BASIC programming language
while using a Commodore 64 or VIC 20 computer.

The VIC 20 and Commodore 64 computers are two
of several popular personal computers (some others
are the Apple II, the TRS-80, and the Atari) that are
finding their way into an increasing number of homes
and schools. All of these personal computers will run
programs written in the BASIC programming lan¬
guage. However, the BASIC programming language is
implemented somewhat differently on each of these
computers, particularly with respect to graphics
programming. This means that a BASIC program
written for an Apple II computer will not, in general,
run on a Commodore 64 or VIC 20 without some
modification. (Fortunately, the Commodore 64 and
VIC 20 are rather similar and fewer modifications are
required to convert programs back and forth). If you
are learning BASIC for the first time, it will be easier
for you if you use a book written specifically for the
kind of computer you are using. In this way you will
not become frustrated by all of the little “exceptions”
that apply only to your computer.

This book assumes that you have a Commodore 64
or VIC 20 computer available for your use. These two
computers are shown in Figure 1.1. Almost all of the

Figure 1.1 (a) VIC 20.

(b) Commodore 64.
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programs described in this book can be run on either
computer. In this chapter you will become familiar
with the use of the Commodore 64/ VIC 20 keyboard.
In particular you will learn the meaning of the special
keys shown in Figure 1.2, and you will learn how to
draw simple graphic figures in various colors.

Figure 1.2 Special keys discussed in this chapter.

Begin by turning on your Commodore 64/ VIC 20.
This is done with the switch on the right side of the
computer (see Figure 1.3). After a few seconds of
warm-up the screen should look either like Figure 1.4a
or 1.4b. Note the difference between the two screens.
The VIC 20 produces fewer characters per row and
column and, hence, each character appears larger on
the screen. The VIC 20 actually produces blue

Figure 1.3 (a) Turning on the VIC 20.

+ * * * CBM BAS EC
3583 BYTES FREE
READ V .

Figure 1.4 (a) Screen display for a VIC 20.

(b) Screen display for a Commodore 64.

characters on a white background and the border
color is cyan. The Commodore 64 produces light blue
characters on a blue background and the border color
is also light blue. In the black-and-white photographs
in this book, the VIC 20 screen appears to be black
characters on a white background (like typewritten
material) whereas the Commodore 64 screen is
reversed, white characters on a black background.
Most of the photographs we shall use are of the
Commodore 64 screen. We do this because they give a
higher quality of reproduction.

Your Commodore 64/ VIC 20 computer contains a
special read only memory, called a ROM. The ROM
contains the BASIC interpreter program, which is
ready to run when you turn on the power. In addition
to the read only memory (ROM) your computer
contains some read/write memory called RAM, or
random-access memory. ROM is also random-access
memory, but the difference between ROM and RAM
is that you can change the contents of a RAM location,
while the contents of a ROM location are fixed and
cannot be changed. In addition, when you turn off the
computer’s power the contents of the RAM locations
are lost, while the contents of the ROM locations are

***** COMMODORE 64 BASIC U2 ****
64K RAM SYSTEM 38911 BASIC BYTES FREE

READY.
I
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retained. This is why the BASIC interpreter, located in
ROM, is there every time you turn on your computer.
On the other hand every program that you write is
stored in RAM and is lost whenever you turn the
power off. This is why you must save your programs
on cassette tapes or floppy diskettes if you wish to run
them again without having to type them in.

The amount of RAM that you have depends on
which computer you are using. The more RAM you
have, the larger the programs you can run and the
more data you can store in the computer. A VIC 20
without a memory expansion contains 5,120 bytes of
RAM. (A byte is eight bits; a bit is a 1 or a 0. Thus, for
example 10101101 is a byte. It takes one byte to store a
character. 1 K = 1 ,024 bytes.) When you turn on a 5K
VIC 20, you should see the message 3583 BYTES
HREF, at the top of the screen (see Figure 1 ,4a). This is
the amount of memory available for you to use. The
space used by the VIC 20 forits BASIC interpreter and
other built-in programs accounts for the difference
between 5,120 and 3,583. A Commodore 64 contains
65,536 bytes of RAM and the message 3891 1 BASIC
BYTES free should appear when you power up the
computer.

The last word that is displayed when you turn on
your Commodore 64/ VIC 20 (see Figure 1.4) is the
word READY with a blinking cursor displayed
beneath it. The cursor identifies where your typing will
begin to appear on the screen. Try typing your name,
and then press the RETURN key. If your name is
JOHN, your screen should look like the one shown in
Figure 1.5.

Figure 1.5 A SYNTAX ERROR occurs when you type
an invalid BASIC command.

COMMODORE 64 BASIC 02 **m*

SYSTEM 38911 BASIC BYTES FREE

ERROR

Note that the message ?SYNTAX ERROR appears on
the screen. This is becauseJOHN is notavalid BASIC
command, and the computer can respond only to
BASIC commands that it understands.

64K RAM

PSYMTAX
IEADV

READY
JOHM

COMMODORE 64 BASIC 02 ****
64K RAM SYSTEM 38911 BASIC BYTES FREE
READY.
JOHM '

YSVMTAX ERROR
READY.

READY. .

Figure 1.6 Playing card symbols.

All of the valid BASIC commands are described in
this book. Whenever you type a misspelled or
otherwise invalid command, the Commodore 64/ VIC
20 will respond with a ’SYNTAX ERROR message
and will allow you to type in a correction.

GRAPHIC KEYS

On the front face of most keys on the key¬
board are two graphic symbols. You can type these
symbols on the screen by holding down either the
LOGO key (at the lower left with the Commodore logo
on it) or a SHIFT key (there are two and both function
in the same manner) while pressing the particular
graphic key. T he LOGO key causes the left graphic
symbol to be printed whereas the SHIFT key causes
the right graphic key to be printed. For example, if you
press keys A, S, Z, and X in sequence while holding
down the SHIFT key, you will display the spade,
heart, diamond, and club card symbols, as shown in
Figure 1.6.

Note that when you press RETURN after typing
only graphic symbols you do not get a ?SYNTAX
ERROR message. Try typing some of the graphic
symbols to sec what they look like.

CURSOR KEYS

There are three keys, one at the upper right and two at
the lower right, that are used to control the movement
of the cursor. These three keys, shown in Figure 1.7,
are the CLEAR/ HOME, CURSOR UP/ DOWN,
and CURSOR LEFT/RIGHT keys. The
CLEAR/ HOME is at the upper right and the two
CURSOR keys arc at the lower right.

Pressing the HOME key causes the cursor to move
to the upper left-hand corner (home position) of the
screen. Pressing this same key while holding down the
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Figure 1.7 The CLEAR/HOME and cursor keys.

SHIFT key will return the cursor to the home position
and clear the screen. Try out this key.

Pressing the CURSOR UP/ DOWN key will cause
the cursor to move down. Pressing this key while
holding down the SHIFT key will cause the cursor to
move up. Try this. Note that if the cursor is on the top
line of the screen, attempting to move it up has no
affect. On the other hand, if the cursor is on the bottom
line of the screen (line 25 on the Commodore 64/ line
23 on the VIC 20), attempting to move it down causes
the entire screen to scroll up, with the cursor remaining
on the bottom line. In order to see this, type anything
on several lines of the screen and then continue to press
the CURSOR UP/ DOWN key.

Pressing the CURSOR LEFT/ RIGHT key will
cause the cursor to move to the right. Pressing this key
while holding down the SHIFT key will cause the
cursor to move left. Try this. Note that if the cursor is
in the left-most column on the screen (column 0),
attempting to move it left will cause the cursor to move
to the right-most position (column 39 on the
Commodore 64/column 21 on the VIC 20) on the
preceding line. (If the cursor is in the home position,
nothing will happen). Note also that, if the cursor is in
the right-most column on the screen (column 39 on the
Commodore 64/column 21 on the VIC 20), at¬
tempting to move it to the right will cause the cursor to
move to the left-most position (column 0) of the next
line. (If the cursor is at the right-most position of the
last line on the screen, attempting to move it to the
right will cause the screen to scroll).

MAKING GRAPHIC FIGURES

The graphic keys and the cursor keys can be used
together to form graphic figures. For example, clear
the screen and then move the cursor down near the
center of the screen. Now press the following keys.
(The notation SHIFT U means press the U key while
holding down the SHIFT key).

SHIFT U
SHIFT I

CURSOR DOWN
CURSOR LEFT
CURSOR LEFT
SHIFT J
SHIFT K

This sequence generates a circular figure as shown
in Figure 1.8.

Other shapes can be made using other graphic keys.
For example, the larger square in Figure 1.9 is made by
using the right graphics characters on keys O, P, L,
and @. The smaller square is made by using the left
graphics characters on keys A, S, Z, and X. This
requires pressing the LOGO key rather than a SHIFT
key. The diamond is made by using the right graphics
characters on keys N and M. Try making these figures.

REVERSE VIDEO

The RVS ON, RVS OFF, and CTRL keys shown in
Figure 1.10 are used to turn the reverse video on and

o

Figure 1.8 Circular figure generated using keys U, I, J,
and K.

Figure 1.9 Large square generated using O, P, L, and
@. Small square generated using keys A, S, Z, X.
Diamond generated using keys N and M.
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Figure 1.10 Reverse video keys & the CTRL key.

off. With reverse video, white characters appear on a
blue background on the VIC 20 and blue characters
appear on a light blue background on the Commodore
64. Clear the screen, press the RVS ON and CTRL
keys simultaneously, and then type THIS IS
REVERSE VIDEO. The result should be as shown in
Figure 1.11. To turn the reverse video off, press the
RVS OFF and CTRL keys simultaneously.

The reverse video keys can be useful when making
certain graphic figures. For example, the graphic
figure in Figure 1.12 can be made by using the
following keys:

SHIFT POUNDSIGN (£)
LOGO *
CURSOR DOWN
CURSOR LEFT
CURSOR LEFT
CTRL RVS ON
LOGO *
SHIFT POUNDSIGN(£)

USING THE COLOR KEYS

On the VIC 20, the characters are normally blue on a
white background and, on the Commodore 64, they

Figure 1.11 Example of reverse video.

Figure 1.12 Graphic figure generated using reverse
video.

are light blue on a blue background. On a color TV,
however, the VIC 20 can produce characters in eight
different colors and the Commodore 64 can produce
characters in 16 different colors. Eight colors on both
the VIC 20 and Commodore 64 can be chosen by
pressing CTRL together with one of the numeric keys
1 through 8. See Figure 1.13. For example, if you press
CTRL and 4 together, you will see the cursor change to
cyan. Now, if you type in some characters, they too
will appear in cyan. Try it.

The eight colors produced by the numeric keys and
CTRL are shown in Figure 1.14. To see them, clear the
screen and position the cursor about 1/3 of the way
down from the top. Then, type in the following keys:

CTRL RVS ON
CTRL BLK, SPACE, CURSOR DOWN
CTRL WHT, SPACE, CURSOR DOWN
CTRL RED, SPACE, CURSOR DOWN
CTRL CYN, SPACE, CURSOR DOWN
CTRL PUR, SPACE, CURSOR DOWN
CTRL GRN, SPACE, CURSOR DOWN
CTRL BLU, SPACE, CURSOR DOWN
CTRL YEL, SPACE, CURSOR DOWN

You can erase the screen and return the character
colors to normal by pressing STOP and RESTORE.

Figure 1.13 The eight color keys.
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Figure 1.14 The numeric keys and their colors with
CTRL.

Numer i c
Key Color

cyan
purp i e
green
bl ue
ye I I ow

If you have a Commodore 64, you can get eight
additional colors by pressing the LOGO key together
with one of the numeric keys I -8. The colors you get
are shown in Figure 1.15. To sec them on the screen,
repeat the previous sequence of keyboard entries but
substitute LOGO color in place of CTRL color. To get
back to normal color on the Commodore 64, you can
enter LOGO and blue together (to get light blue
characters) as well as STOP and RESTORE.

The color keys can be used with the graphics keys
and reverse video keys to produce color graphics. For
example, clear the screen, position the cursor about
1/3 down from the top, and type in the following keys:

Figure 1.15 The number keys and their colors with the
LOGO key (Commodore 64 only).

Numer i c
Key Color

I orange
2 brown
3 light red
4 gray 1
5 qr 3y k
6 light green
1’ light blue
8 gray 3

CT RL CYAN
SHIFT M, SPACE (5 times), SHIFT N
CURSOR DOWN, CURSOR LEFT (6 times)
SHIFT M, SPACE (3 times), SHIFT N
CURSOR DOWN, CURSOR LEFT (4 times)
CTRL RVS ON, SHIFT M, SPACE, SHIFT N
CURSOR DOWN, CURSOR LEFT (4 times)
SHIFT U, SHIFT I, SPACE, SHIFT U, SHIFT I
CURSOR DOWN, CURSOR LEFT (5 times)
SHIFT J, SHIFT K, SPACE, SHIFT J, SHIFT K
CURSOR DOWN, CURSOR LEFT (3 times)
SPACE, CURSOR DOWN (2 times)

What docs this graphics picture remind you of? A bug?
A spacecraft? Something else?

Figure 1.16 Graphic figures for Exercise 1-1.

EXERCISE l-l
Try to generate the graphic figures shown in Figure
1.16.

EXERCISE I -2
Repeat Exercise l-l but make each graphic figure a
different color.
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SIMPLE GRAPHICS:
LEARNING TO USE THE

PRINT STATEMENT

In Chapter 1 you learned how to make simple graphic
figures by using the graphic keys and the cursor keys.
Although this method is fairly straightforward, it is
too time-consuming to use when drawing complicated
figures. In this chapter you will learn:

1. how to pre-store graphic and cursor key moves
so that the computer can draw graphic figures very
quickly
2. how to use the PRINT statement
3. what strings and string variables are
4. the difference between the immediate and
deferred modes of execution
5. to use the LIST and RUN commands
6. to edit a statement using the cursor keys and the
INSERT/ DELETE key.

STRINGS AND THE PRINT STATEMENT

Clear the screen and type PRINT “THIS IS A
STRING” and then press RETURN. The result
should look like Figure 2.1. Note that the computer
immediately printed the words THIS IS A STRING.

Any sequence of characters enclosed between
quotation marks (“ ”) is called a string. If you type the
word PRINT followed by a string, the computer will
immediately print the string (without the quotation

marks) on the screen. This is called the immediate
mode of execution.

A string may include the graphic characters. For
example, try printing the playing card symbols as
shown in Figure 2.2.

A string may also include the cursor moves. This
may seem a little strange at first, but this is what allows
you to store an entire graphic figure as a string. When
you press one of the cursor keys while you are typing a
string, the cursor does not move. Instead, a special
character is shown in the string. Later, when this string

Figure 2.1 Using the PRINT statement in the
immediate mode of execution.

PRINT "THIS IS A STRING
THIS IS A STRING
READY

7



RINT

EADY.

Figure 2.2 Printing graphic symbols using the PRINT
statement.

is PRINTed, the cursor movements will occur in the
order in which they were specified in the string.

For example, if you want to PRINT the circular
figure shown in Figure 1.8 in the previous chapter,
include these key strokes as a string in a PRINT'
statement:

SHIFT U
SHIFT I
CURSOR DOWN
CURSOR LEFT
CURSOR LEFT
SHIFT J
SHIFT K

The result will look like Figure 2.3. Try it.

Figure 2.3 PRINT statement containing cursor moves.

If you make a mistake while typing a string, you
must type a second quotation mark before you can
position the cursor to make the correction. Typing a
second quotation mark followed by the DEL key will
delete the quotation mark and still allow you to move
the cursor back, using the CURSOR LEFT key.

PRINT
0
READY*

The special characters that appear in a string when
one of the cursor keys is pressed are used to tell the
Commodore 64/ VIC 20 what to do with the cursor
when the PRINT statement is executed. The reverse
video keys, RVS ON and RVS OFF, when depressed
with the CTRL key also have special characters
associated with them when used in a string. The
numerical keys 1 8 when depressed with the CTRL key
on cither computer or with the LOGO key on the
Commodore 64 allow the character color to be
changed within a PRINT statement. All of the special
characters that can occur in a string except the color
keys are shown in Figure 2.4(a). The color key special
characters for the Commodore 64 are shown in Figure
2.4(b). Only the first eight colors shown are available
on the VIC 20.

HOME CURSOR
CLEAR SCREEN 1K • -J =iu

CURSOR DONN
CuKSuR UP
CURSOR RIGHT "IF
CURSOR LEFT. ”11”
REVERSE VIDEO ON ISI »J5 g

REVERSE VIDEO OFF 3W5

Figure 2.4(a) Noncolor special characters for string
symbols.

(b) Color special characters for string symbols.

BLACK CHARACTERSWHITE CHARACTERS
REO CHARACTERS
CYAN CHARACTERSPURPLE CHARACTERS
GREEN CHARACTERS
BLUE CHARACTERS
YELLOW CHARACTERSORANGE CHARACTERSBROW CHARACTERS
LIGHT RED CHARACTERSDARK GRAY CHARACTERSGRAY CHARACTERSLIGHT GREEN CHARACTERSLIGHT BLUE CHARACTERSLIGHT GRAY CHARACTERS

EXERCISE 2-1
Use the PRINT statement to generate the graphic
figure shown in Figure 1.12 in the previous chapter.
Your result should look like Figure 2.5.

8



print "naitm"

site =5 T .

Figure 2.5 Answer to Exercise 2-1.

EXERCISE 2-2
Repeat Exercise 2- 1 but make the figure cyan in color.

THE RUN AND LIST COMMANDS

If a BASIC statement such as PRINT is preceded by a
line number, the statement is not executed
immediately, but rather its execution is deferred until
the command RUN is typed. Figure 2.6 shows how to
print the playing card symbols using this deferred
mode of execution.*

Figure 2.6 PRINT statement using the deferred mode
of execution.

18 PR I HI
RUH

Rtfipv.

BASIC statements with line numbers are “stored”
in the computer. They can be RUN at anytime. If you
type RUN again, the computer will again display the
playing card symbols. Try it.

* Before typing this or a new set of statements with line numbers,
type the command NEW to clear the memory. NEW is discussed in
Chapter 3.

Note that you must press RETURN at the end of
each statement (such as PRINT ) or command (such as
RUN). T he Commodore 64/ VIC 20 does not “look at”
what you have typed on a line until you press
RETURN.

You can find out at any time which BASIC
statements you have stored in the computer by typing
LIST. Try it. If you typed the statement shown in
Figure 2.6 before, your list should look like Figure 2.7.

LIST .

10 PRIHT

Figure 2.7 The LIST command will list all BASIC
statements stored in memory.

You can now edit this PRIN T statement by using
the cursor keys. Suppose you want to print the word
HEAR instead of the playing card symbols. Using the
cursor keys, move the cursor over the spade in the
PRINT statement. Then type HEAR and press
RETURN. Now move the cursor down below
READY and type RUN. T he result should be as
shown in Figure 2.8.

You can use the question mark (?) as an abbrevi¬
ation for the word PRINT. Try typing ?“THIS WILL
STILL PRINT”. If you want to print HELLO in the
deferred mode, you can type:

10 ’“HELLO”
RUN

Note that, if you now type LIST, the word PRINT is
substituted for the question mark (see Figure 2.9).

INSERT/ DELETE KEY

The INSERT/ DELETE key (INST/ DEL, sec Figure
2.10) can be used to edit any BASIC statement. If you
make a mistake while typing a statement, or if you
want to change a previously written statement, you
will find the INSERT/ DELETE key very useful.

For example, suppose you want to change the word
HEAR in your PRINT statement to HEARING. First

9



LIST
18 PRINT "HE14*
READY =

Figure 2.8 (a) Editing a PRINT statement.

LIST

gEft&V

(b) Running the edited statement.

list the statement by typing LIST. Then move the
cursor over the last (right) quotation mark. While
holding the shift key down, press the INSERT/
DELETE key three times. This will move the

Figure 2.9 The question mark (?) can be used instead
of the word PRINT.

? "THIS WILL STILL PRINT
THIS WILL STILL PRINT
READV

HELLO
"HELLO"

READY.
LIST
18 PRINT "HELLO"
READY .

Figure 2.10 INSERT/DELETE key.

quotation mark over three places. Now type ING and
press RETURN. Move the cursor to the beginning of
the next line, and type RUN. The computer should
print the word HEARING as shown in Figure 2.11.
(The two lines marked “10” in Figure 2.11 will actually
occur on the same line on the screen at different times).

18 PRINT "HEARS "
18 PRINT "HEARING"
RUN
HEARING
READY.

Figure 2.11 Inserting: changing EIEAR to HEARING.

Suppose you now want to change HEARING to
RING. Type LIST (this is not necessary, but it reduces
the distance on the screen that you have to move the
cursor to reach the word HEARING) and then move
the cursor over the letter R in HEARING. Press the
INSERT/DELETE key three times to delete the
letters HEA. Note that pressing the DELETE key will
delete the character immediately to the left of the
cursor. Now press RETURN, move the cursor down,
and type RUN. The word RING should be printed on
the screen as shown in Figure 2.1 2. (Again, the four
lines marked “10” will actually occur on the same line
on the screen at different times).

10



IRUK

18 PRINT
18 PRINT
18 PRINT

II

II

II

IS

HEADING
G"
II

Figure 2.12 Deleting to change HEARING to RING.

STRING VARIABLES

As we have seen, any sequence of characters enclosed
between quotation marks is called a string. Thus, for
example, the following are strings:

“HEARING”
“SSSS”
“THIS IS A STRING”

Any character, graphic symbol, color key, or cursor
move can be included in a string. A blank space is
treated as a character when it is included in a string.

A string can be given a special name and can then be
referred to by its name. These string names are
sometimes called string variables. The name of a string
must end with a dollar sign (S). It must also start with a
letter, and it can contain one or two characters, the
second of which can be either a letter or a number. The
following are examples of valid string names:

AS
B3S
AX$
MAS
Z7S

You may use longer string names, such as HOUSES
and BOATS. However, the Commodore 64/VIC 20
uses only the first two characters to identify the string.
It would therefore consider the names BALLS and
BATS to be the same, since they both start with the
letters BA.

Longer names are more meaningful to the program¬
mer, but not to the Commodore 64/VIC 20. In
addition to the need for the first two characters of each
name to be unique, there is another problem with the
use of long names. The Commodore 64/VIC 20 has a
number of reserved words, such as statement and

command names. For example, RUN and LIST are
reserved words. (A complete list of reserved words is
given in Appendix A). If any of these reserved words
occurs anywhere within a name that you make up,
your program will not run properly. Thus, it is
probably a good idea to keep your names short.
Shorter names will also use less memory.

The equal sign (=) can be used in BASIC to assign a
particular string to a particular string variable or
name. Thus, for example, you could type 10
A$=“THIS IS A STRING”. From now on the name
AS is considered to be the same thing as the string
“THIS IS A STRING”. Y ou can, for example, print it
with the PRINT statement 20 PRINT AS. Try this.
You should get the result shown in Figure 2.13.

10 A5="THIS IS ft STRING"
20 PRINT ft$
RUN
THIS IS ft STRING
READY.
I

Figure 2.13 Using string variables in a PRINT statement.

Of course, you can include graphic characters and
cursor moves in your definition of a string variable.
Thus, for example, to draw the circular figure in
Figure 2.3, you could define a string variable AS as
shown in Figure 2. 1 4.

Figure 2.14 Defining a graphic figure as a string
variable.
rist

0
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You may also define several graphic figures as
separate strings and then print them all. For example,
the three graphic figures shown in Figure 1.9 in
Chapter 1 can be defined as the following three string
variables:

A$: string for plotting large square
BS: string for plotting small square
CS: string for plotting diamond

Figure 2. 15 shows a program that defines each of these
string variables and then prints each figure. Type it in
and run it. Note that each PRINT statement plots a
separate figure starting on a new line. A detailed
description of the PRINT statement is given in
Chapter 4.

Some additional graphic figures are shown in
Figure 2.16. Type in each of these programs and
display the figures. Then try to draw the graphic
figures shown in Exercise 2-3 at the end of this chapter.
The answers to these exercises arc given in the back of
the book.

Figure 2.15 String variable definitions of the figures in
Figure 1.9.

LINE LENGTH

Each line on the VIC 20 screen contains twenty-two
character positions and each line on the Commodore
64 screen contains forty character positions. However,

Figure 2.16 Examples of graphic figures defined as string variables.
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the VIC 20 is able to process up to eighty-eight
characters per line and the Commodore 64 can process
up to eighty characters per line. This means that you
can use a maximum of four screen lines for any BASIC
statement on a VIC 20 and a maximum of two screen
lines for any BASIC statement on a Commodore 64.
For example, if you are defining a string using a
statement such as 10 A$=“ and you get to the
end of the line on the screen, you can keep on typing.
Do not press RETURN. The Commodore 64/ VIC 20

will automatically continue the statement on the next
line. When you finish the statement, you must press
RETURN. Remember that no statement can be more
than four screen lines (88 characters) long on the VIC
20 and no statement can be more than two screen lines
(80 characters) long on the Commodore 64.

EXERCISE 2-3
Write a BASIC program to draw each of the following
graphic figures.

Exercise 2-3
(a) (d)

13



LEARNING TO PROGRAM IN BASIC

In the first two chapters you learned how to draw a
variety of graphic figures on the Commodore 64/ VIC
20. Graphics can be used to advantage in many types
of computer programs, to make them more interesting
and appealing. You will learn more about incor¬
porating graphics into your programs in later chapters
of this book. In this chapter we will begin to look at
some of the ideas associated with writing BASIC
programs.

In this chapter you will learn:

1. how to use the cassette tape recorder and floppy
disk drive to save your programs
2. to use the commands NEW, SAVE, VERIFY,
LOAD, and CONT
3. to use the RUN/STOP key
4. the general structure of a BASIC program
5. to use the statements GOTO, STOP, END, and
REM.

THE BASIC PROGRAMMING LANGUAGE

The BASIC programming language was developed at
Dartmouth College in 1963. BASIC stands for
Beginners All-purpose Symbolic Instruction Code,
and the language was designed to be easy to learn and
easy to use. Since its original development the BASIC
language has been extended and modified by various

manufacturers. CBM* BASIC is used in the Commo¬
dore 64 and VIC 20 and is similar to the BASIC that is
used with most other microcomputers.

The main advantages of using BASIC are that it is
simple to use and that it is built into your Commodore
64/ VIC 20. Although it is simple, CBM BASIC is
quite powerful and will allow you to write high-
performance programs.

There are, however, certain drawbacks to CBM
BASIC. First of all, it is slow. You might not notice
this until you try to draw a large picture quickly. The
BASIC interpreter located in the Commodore 64/ VIC
20 ROM must decode and execute each of your
BASIC statements each time you run your program.
This takes time.

Assembly Language

If you want to speed up the execution time of a
program, you must write the program in assembly
language rather than in BASIC. Assembly language is
a lower-level language that the Commodore 64/ VIC
20 can execute directly. The “brain” of the Com¬
modore 64/ VIC 20 is a 40-pin chip called a 6502
microprocessor (see Figure 3.1). It is this chip that can

*CBM is short for Commodore Business Machines, Inc.
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decode and execute a 6502 assembly language
program. Any microcomputer that uses the 6502
microprocessor can execute programs written in 6502
assembly language. The Apple II microcomputer also
uses the 6502 microprocessor. On the other hand the
Radio Shack TRS-80 uses the Z80 microprocessor,
which executes a completely different assembly
language. The Radio Shack TRS-80 Color Computer
uses the 6809 microprocessor, which executes yet
another assembly language.

Figure 3.1 The 6502 microprocessor is the “brain” of
the Commodore 64*/VIC 20 computer.

Structured Programming

You may hear that BASIC is not a very “well-
structured” language and that other languages such as
PASCAL are “better” in some sense. While it is true
that PASCAL almost forces you to write well-
structured programs, it is also true that well-structured
programs can be written in any language, including
BASIC. In this book we will try to counteract any bad
programming habits that BASIC might encourage
and show you how to write good programs in BASIC.

Learning the Language

There are two aspects to learning computer pro¬
gramming. The first is to learn a programming
language. This is the easy part. The second is to learn
how to write programs to accomplish particular tasks.
This is the hard part.

Learning a computer language consists of learning
the syntax and semantics of the various statements
that make up the language. Syntax refers to the rules
for forming the various statements. For example, the

*The Commodore 64 actually uses the 6510 microprocessor which
differs from the 6502 in only one, relatively minor, respect.

PRINT statement must be spelled PRINT, and a
string must be enclosed between quotation marks.
Semantics refers to what a particular statement does.
For example, the statement PRINT followed by a
string will print the string on the screen.

Learning How To Write Programs

Learning how to write a program to accomplish a
particular task takes practice, insight, and a knack for
solving problems. Programming is like solving a
puzzle. You must determine what you have to tell the
computer so that the computer will do what you want.
You will find that the computer always does exactly
what you tell it to do. However, often what you tell it
to do is not what you think you are telling it to do. This
can lead to errors that are sometimes hard to find. The
best way to avoid many of these errors is to think
through the problem carefully before you start to write
the program. Understandingexactly what you want to
do is a major step in solving a problem.

There are only a few basic rules for telling a
computer what to do. Computers can do the same
thing over and over again. This is accomplished in a
computer program by means of a loop. We will look at
a simple loop later in this chapter. More detailed
discussions of loops are given in Chapters 7 and 8.
Another thing that computers can do is make a simple
choice between two alternatives. This process of
making choices will be described in Chapter 6. By
combining loops with the process of making simple
choices, any computer program can be constructed.

Saving Your Programs

If you have a Commodore 64/ VIC 20 you probably
have a cassette tape recorder, as in Figure 3.2a. You
may also have a floppy disk drive as shown in Figure
3.2b. Both devices are used to save programs and data
when the Commodore 64/ VIC 20 is shut off.

CASSETTE TAPE RECORDER

Press the STOP/ EJECT key on the recorder all the
way down to open the cover. Insert a new tape. (The
best tapes to use are C-10 data tapes that contain fifty
feet of tape. These tapes can store one long program or
several short programs on each side.) Insert the
cassette with the tape opening facing you. The left side
of the cassette should contain the most tape. Other¬
wise, you will need to rewind the cassette. After
inserting the cassette completely, close the cover.

15



Figure 3.2 Commodore 64/VIC 20 cassette tape
recorder (a) and floppy disk drive (b).

NEW

Type NEW and press RETURN. This will clear any
BASIC program that you have stored in the computer.
You should type NEW before you begin typing in a
new program, so that parts of old programs are not
combined with your new program. Now type in the
program shown in Figure 3.3.

Figure 3.3 Program to draw three figures.
10 Fl4= " I HIMIII I"

SAVE

You can now save this program on the cassette tape by
typing SAVE “THREE FIGURES”. The Commo¬
dore 64/VIC 20 will respond with the message PRESS
RECORD & PLAY ON TAPE. Now press both the
REC key (the one on the far left) and the PLAY key.
The Commodore 64/VIC 20 will first respond with
OK and then SAVING THREE FIGURES. On all
tape commands, the Commodore 64 (not the VIC 20)
blanks the screen while it carries out the instruction.
These steps are shown in Figure 3.4.

Your program is now stored on the cassette tape
under the file name “THREE FIGURES.” You can
make up any name you want for a file name, but you
should limit your file names to sixteen characters
(including blanks), since this is the maximum number
that the Commodore 64/VIC 20 will display on the
screen when you load the program in from the tape.

LIST

PRI

10
20
38

A$-

C$=

EEADV

OK

40 PRINT W
50 PRINT BS
BO PRINT CS

SAVING THREE FIGURES
READY.

Figure 3.4 Saving a program on cassette tape.

VERIFY

You can verify that the program in the Commodore
64/VIC 20 was properly stored on the tape by
rewinding the tape (press the REW key on the recorder
until the tape is completely rewound, and then press
the recorder S TOP key) and then typing VERIFY.
The Commodore 64/VIC 20 will then respond with
the message PRESS PLAY ON TAPE.

Press the PLAY key on the recorder. The Com¬
modore 64/VIC 20 will read your tape and compare it
with the program that is stored in its memory. If no
errors occurred when you saved your program, the
Commodore 64/VIC 20 will display OK. If an error
did occur, the Commodore 64/VIC 20 will display
’VERIFY ERROR and you should try to SAVE your
program again. The use of the VERIFY command is
illustrated in Figure 3.5.

Figure 3.5 Use of the VERIFY command.

SAVE "THREE FIGURES"
PRESS RECORD 8 PLAY ON TAPEOK
SAVING THREE FIGURES
READY
VERIFY
PRESS PLAY ON TAPE
OK

READY

SEARCHING
FOUND THREE FIGURES
VERIFYING
OK
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LOAD until it found the correct name, without loading in the
first two programs.

Type NEW. This will clear your program from the
memory. You cannot run this program again until you
load it back in from the cassette tape. To do this,
rewind the tape, and then type LOAD or LOAD
‘THREE FIGURES.”

If you type LOAD then the Commodore 64/ VIC 20
will respond with PRESS PLAY ON TAPE. Press the
recorder PLAY key, and your program will be loaded
into the Commodore 64/ VIC 20 (see Figure 3.6).
When you type only the word LOAD, the first
program on the tape will be loaded into memory.

LOAD
PRESS PLAY ON TAPE
DK
SEARCHING
FOUND THREE FIGURES
LOADING

Figure 3.6 The statement LOAD will load the first
program on the tape into the Commodore 64/VIC 20
memory.

If you type LOAD “THREE FIGURES” the
Commodore 64/VIC 20 will search through the tape
until it finds the file name “THREE FIGURES” and
then load this file into memory (see Figure 3.7). The
Commodore 64 (not the VIC 20) pauses after finding
the correct file before loading it. You can eliminate the
pause by pressing the LOGO key. Since your program
was the first program on the tape, it will be found right
away. However, if it had been the third program on the
tape, the Commodore 64/VIC 20 would have searched

Figure 3.7 The statement LOAD “THREE FIGURES"
will search for the file name THREE FIGURES and load
this file into memory.

LOAD ' ' THREE FIGURES ' '

PRESS PLAY ON TAPE
OK

SEARCHING FOR THREE FI
GURES
FOUND THREE FIGURES

LOADING
READY-

THE FLOPPY DISK DRIVE

SAVE

If your Commodore 64/VIC 20 has a floppy disk
connected to it, then you can ready the disk drive for
saving and loading programs by inserting a for¬
matted* floppy diskette (label up, notch at the left)
into the slot on the front of the disk drive and then
closing and latching the drive door.

To save your program on the floppy diskette, type

SAVE “THREE FIGURES”,8

where THREE FIGURES is the name of the program.
(The number 8 is the device number of the first disk
drive in the system.) You can make up any program
name containing up to 16 characters including
blankspaces. T he red light on the disk drive will light
up and the disk drive motor will make a whirring
sound for a few seconds. After it stops, everything
should be all right as long as the red light is not
flashing. A flashing red light means an error occurred
in carrying out the instruction. For example, an error
will occur if you try to save a program when there is no
diskette in the disk drive. At this point, assuming no
error occurred, the dialog on the screen should look
like Figure 3.8.

VERIFY

To verify that your program is really on the disk, type

VERIFY “THREE FIGURES”,8

•To format a new diskette, consult your disk drive manual.

Figure 3.8 Saving a program named THREE FIGURES
on the floppy diskette.

SAVE "THREE FIGURES”,8

SAVING THREE FIGURES
READY.
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The red light on the disk drive will come on and you
will hear the whirring sound again. The Commodore
64/ VIC 20 will respond first with SEARCHING FOR
THREE FIGURES and then VERIFYING. If the
program was saved correctly on the diskette then the
Commodore 64/ VIC 20 will display OK as shown in
Figure 3.9. If not, the display will read 7VERIFY
ERROR. The latter means the program was not
SAVEd properly.

SAVE "THREE FIGURES",8

SAVING THREE FIGURES
READY
VERIFY "THREE FIGURES",8
SEARCHING FOR THREE FIGURES
VERIFYING
OK
READY.

Figure 3.9 Verifying a program named THREE FIGURES
on the diskette.

LOAD

Another way to verify that your program is on the disk
is to type NEW, which will clear your BASIC program
in the Commodore 64/ VIC 20. If you now type LIST
you will find that nothing gets listed. In order to
retrieve your program from the diskette, type

LOAD “THREE FIGURES”,8

The Commodore 64/ VIC 20 will respond first with
SEARCHING FOR THREE FIGURES and then
LOADING. When the red light goes out, your
program will be completely loaded. See Figure 3.10.
You can now see the program listing by typing LIST
and you can execute the program by typing RUN.

It is possible to get a list of the programs stored on a
diskette. Just type

LOAD “$”,8

Here, denotes the file kept by the system
containing the names of all programs on the diskette.
If you now type LIST, you should see the name
“THREE FIGURES” on the list. Loading has the
side effect of causing THREE FIGURES or any other
program in memory to be erased.

READY.
LOAD "THREE FIGURES",8
SEARCHING FOR THREE FIGURES
LOADING

^8'

5Q
O0
READY.

Figure 3.10 Loading the program THREE FIGURES
from the diskette.

ReSAVEing Programs

Once you have SAVEd a program and then modified
it, you may want to save it on the disk again, erasing
the copy already there. The command for this is

SAVE “@0:THREE FIGURES”,8

( The digit 0 can ordinarily be omitted.) To see how this
works, carry out the sequence of commands in Figure
3.11. In executing this new SAVE command, if
THREE FIGURES by chance is not already on the
diskette, then the SAVE is carried out in the usual
manner described earlier.

If you try to SAVE a program without the
@0:(or@:) prefixes on the program name and there is
a program on the diskette with the same name, then
the program will not be SAVEd. Unfortunately, the
only indication you will get of this problem is the
flashing red light on the disk drive, and this is easy to
overlook.

Figure 3.11 ReSAVEing the program THREE FIGURES
on the diskette.

LOAD "THREE FIGURES",8
SEARCHING FOR THREE FIGURES
LOADING
READY.
?a koto 48
SAVE "68 THREE FIGURES",8
SAVING 68 THREE FIGURES
READY.
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STOPPING PROGRAM EXECUTION

RUN/STOP Key

The RUN/STOP key is shown in Figure 3.12. If you
hold the SHIFT key down and press the RUN / STOP
key, the Commodore 64/ VIC 20 will respond with the
message PRESS PLAY ON TAPE. If you then press
the recorder PLAY key, the Commodore 64/ VIC 20
will LOAD in your program and then RUN it. In other
words, pressing the RUN/STOP key while holding
down the shift key is equivalent to typing the two
commands LOAD and RUN. Rewind your tape and
try it.

Figure 3.12 The RUN/STOP key.

The unshifted RUN/STOP key is used to stop the
execution of a program. To see how this works, add
the statement 70 GOTO 40 to the program you have in
memory. You can do this by just typing this statement
as shown. Then type LIST in order to see the entire
program. It should look like Figure 3.13. The
statement 70 GOTO 40 means exactly what it says.
Statement 70 simply branches back to statement 40.
This is a loop that continues indefinitely, as shown in
Figure 3.14.

Figure 3.13 Program to display a continuous sequence
of figures.

10 R$="l WHiL—i"
2Q Lt—" । iMBIN iU

30 = -

46 PRlFiT FiT
30 FLINT Ei

Figure 3.14 An indefinite loop that prints figures until
you press the STOP key.

^40 PRINT AT (prints the large square)
58 PRINT B$ (prints the small square)
60 PRINT C$ (prints the diamond)

70 GOTO 40

Now RUN this program. As you can see, new
figures are being printed endlessly. In order to stop this
program, press the STOP key (the unshifted
RUN/STOP key). Note that you get a BREAK
message as shown in Figure 3.15.

CONT

The program shown in Figure 3.13 displays a large
square, a small square, and a diamond over and over
again. No matter where it is stopped, if you restart the
program by typing RUN, it will start with the large
square. This can be seen in Figure 3.16, where the
program was stopped with the STOP key just after it
displayed the small square.

Figure 3.15 Stopping a program with the STOP key.

If a program has been stopped, the CONT
statement can be used to continue the program where
it left off. This is illustrated in Figure 3.17, where the
program was again stopped just after displaying the
small square. After CONT is typed, the program
restarts by displaying the diamond.

0

BREAK IN 58
READY.

STOP

The statement STOP can be included in a BASIC
program. This will have the same effect as pressing the
STOP key. This can be very useful in debugging
(finding the errors in) a program that does not work
properly. You can insert a STOP statement and then
check what the program has done up to that point.
You can then resume execution of the program by
typing CONT.
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BREAK IM 58
READV.
RUM

0
gREAK IN 58

Figure 3.16 RUN causes the program to start at the
beginning.

0

REAK IN
EADV.

REAK IN
EADV.
ONT

BREAK IN
READV.
RUN

56

58

Figure 3.17 CONT causes the program to start from
where it left off.

END

The END statement can be used to stop a BASIC
program in the middle or at the end. Jt does not cause a
BREAK, message as the STOP statement does. In
CBM BASIC the END statement is optional, because
the program will automatically end if there are no
more statements to execute.

THE STRUCTURE OF A BASIC PROGRAM

Sequence Numbers

A BASIC program consists of a sequence of BASIC
statements. Each line of a BASIC program must begin

with a sequence number. When the program is
executed (by typing RUN), the statement with the
lowest sequence number is executed first. Additional
statements arc then executed in numerical order.

When you write a BASIC program you should
increment your sequence numbers by 10. That is, your
program should look like this:

10 first statement
20 second statement
30 third statement

If you later want to insert a new statement between the
second and third statements you can type 25 NEW
STATEMENT and this new statement will be inserted
between statement 20 and statement 30. Eeaving
unused numbers between statements will save you the
chore of renumbering all of your statements when
inserts are made.

If you think you may want to add some new
statements at the beginning of your program, it would
be a good idea to start your program with a sequence
number of 100 and then continue with 1 10, 120, 130,
and so on. You can later insert statements before line
100 by using sequence numbers less than 100. A
sequence number can be any integer from 0 to 63999.

REM

A good statement to include at the beginning of your
program is a R EMark statement. This statement
consists of the three letters REM. The remainder of the
line can be used for any kind of remark, or descriptive
comment. These remarks arc ignored by the Com¬
modore 64/VIC 20 when the program is executed.
T heir only purpose is to make the program easier to
understand. For example, in the program shown in
Figure 3.13 you may want to add the statement:

5 REM PROGRAM TO PRINT 2 SQUARES AND
A DIAMOND CONTINUOUSLY

Note that, unlike the listing of Figure 3.18, the
remark takes more than one line on the screen. As
mentioned in Chapter 2, any BASIC statement can use
up to eighty-eight character positions on the VIC 20 or
eighty character positions on the Commodore 64
(four/ two screen lines, respectively). When you type
the remark shown in Figure 3.18, do not press
RET URN at the end of the first line, or you will
terminate the statement at that point. The REMark
will just continue on the second line. If you press
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Figure 3.18 Use of the REM statement to make
remarks in a program on the Commodore 64/VIC 20.

5 REM FRUL'RHM TO PRINT 2 SGLJARES ANO A DIANOM'D GuNTINUOUSLY
IS A;t:=iT MM N
20 ET=,L i iMllil LJ "
38
40 PRINT AT
50 PRINT 3$
€0 PRINT CT
7'0 GO T Ci h-Gi

RETURN at the end of the first line then you must
start the second line with a new sequence number and
another REM statement.

Multiple Statements per Line

CBM BASIC allows you to write more than one
BASICstatement per line by separating the statements
with a colon (:). In this context a line is the eighty-eight
character line consisting of four screen lines on the
VIC 20 or the eighty-character line consisting of two
screen lines on the Commodore 64. This can be an
advantage for a number of reasons: ( 1) it allows you to
group a number of short, related statements together;
(2) it allows you to include remarks on the same line as
a BASIC statement; and (3) it saves some memory by
reducing the number of sequence numbers in the
program. Only the first BASIC statement on a line has
a sequence number.

There are, however, some disadvantages to writing
more than one statement per line. If used indiscrim¬
inately, this style can result in a program that is
difficult to read and understand. You will not be able
to branch to a statement (for example, with a GOTO
statement) that starts in the middle of a line, since it
will not have a sequence number. Finally, you will not
be able to insert a new statement between existing
multiple statements unless there is enough room left
on the line to use the INSERT key. You should,
therefore, be careful when writing multiple statements
on a single line.

One good use of the multiple statement capability is
to include remarks that help to describe what is going
on in the program. For example, in Figure 3.19 we
have added three remarks that tell what is being
printed by each of the PRINTstatements. You can see
how the remarks in Figure 3.19 have made the
program easier to understand. Note that a colon (:) is
used to separate multiple statements on a single line.
But remember that the REM statement will cause the
rest of the line to be ignored, even if you add another
BASIC statement following another colon.

More about LIST

We have seen that the LIST command will list the
entire BASIC program that is stored in memory. You
can slow down the speed at which the program is listed
by pressing the CTRL key while the program is being
listed. If you release the key the program will continue
to be listed at its normal speed. This is particularly
useful when listing long programs. You can stop the
listing process at any time by pressing the STOP key.

It is also possible to list only selected parts of a
program. For example, if you type LIST 30 then only
the line with the sequence number 30 will be printed on
the screen. This is useful if you want to edit line 30
using the cursor keys.

You can list lines 20 through 40 by typing LIST
20-40. If you type LIST-30 then you will list all of the
lines from the beginning of the program through line

Figure 3.19 Multiple statements on a single line are
separated by a colon (:).

5 REM PROGRAM TO PRINT' 2 SQUARES AND A
10 ’MIM I!l
20 BT=" mMHIHl ' 1 "
30 CT-=T.--''-^
40 PRINT AT : REM LARGE SQUARE
50 PRINT ET : REM SMALL SQUFIRE
SU PRINT LT : REM DIAMOND
7’0 GOTO 40

DIAMuND COTs TIHUOUSL't'
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30. If you type LIST 30- you will list all of the lines
from line 30 to the end of the program. These examples
are shown in Figure 3.20.

MEMORY LOCATIONS AND COMPUTER
PROGRAMS

A computer program is like a train going on a trip. The
memory locations or memory cells in the computer are
like the seats in the train. Each seat has an “address” or

Figure 3.20 Examples of the use of the LIST statement.

LIST 30
38

gEADY.

LIST 20-40

38 C$="/\h|K/"
40 PRINT AF:REM LARGE SQUARE
REftDV.

LIST -30

5 REM PROGRAM TO PRINT 2 SQUARES ANO ADIAMOND CONTINUOUSLY
10 A5="
28 B$="
30- C$="

READY.

LIST 30-

[READY

30
48
50
60
78

LARGE SQUARE
PRINT OS:REM SMALL SQUARE
PRINT C$:REM DIAMOND
GOTO 40

name that identifies it. These names correspond to the
variable names in a BASIC program. For example,
three different seat names could be AS, B$, and CS.

Whoever or whatever is in a particular seat
corresponds to the contents of a particular memory
location in the computer. For example, if JOHN is
sitting in seat AS, then the BASIC statement
A$=“JOHN” can be interpreted as meaning “put
JOHN in seat AS.” It is very important to distinguish
clearly between the name of the memory location, or
seat on the train (AS), and the contents of that memory
location or seat (JOHN). (See Figure 3.21.)

Up to now all of our memory locations have
contained strings and have had names that end with a
dollar sign. If a memory cell names does not end with a
dollar sign, the Commodore 64/ VIC 20 computer will
assume that the memory cell contains a number. The
use of memory cells containing numbers will be
discussed in the next chapter.

Figure 3.21 Memory locations are like seats on a train.

EXERCISE 3-l
Store the programs for Exercise 2-2 on a cassette tape.
After storing the first program, do not move the
position of the tape before storing the second
program.

EXERCISE 3-2
Write a program that will continuously display the two
skiers in Exercise 2-3 (e)-(l) over and over again. Stop
the program by pressing the STOP key, and restart it
by typing CONT.
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LEARNING MORE ABOUT
PRINT

In the first three chapters of this book you have written
short programs that draw various graphic figures. In
this chapter you will see how the Commodore 64/ VIC
20 can work with numbers as well as strings. You will
find that the Commodore 64/ VIC 20 can serve as a
very good calculator. In addition you will learn how to
use the PRINT statement to make larger graphic
figures.

In this chapter you will learn:

1. how to use the Commodore 64/ VIC 20 as a
calculator
2. to write arithmetic expressions involving addi¬
tion, subtraction, multiplication, division, and
exponentiation
3. how to use the comma and semicolon in a
PRINT statement
4. to use the BASIC functions SPC and TAB
5. to draw larger graphic figures
6. about some of the built-in functions in the
Commodore 64/ VIC 20.

THE COMMODORE 64/VIC 20
AS A CALCULATOR

By usingthe PRINT statement in the immediate mode
of execution, you can use your Commodore 64/VIC

20 as a calculator. You can add, subtract, multiply,
divide, and raise a number to a power.

Addition

If you type PRINT 5+3 the Commodore 64/VIC 20
will respond with 8. You can use the question mark as
an abbreviation for PRINT. Thus, if you type ? 5+3
the Commodore 64/VIC 20 will also respond with 8,
as shown in Figure 4.1. Try it.

Figure 4.1 Using the Commodore 64/VIC 20 as a
calculator.

? 5+3
S
READY.

4 i? —
JLi-

READY.
& 15/3

I 5

Beady.
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Subtraction

If you type ? 12—5 the Commodore 64/ VIC 20 will
respond with 7 as shown in Figure 4.1. Try it.

Multiplication

The symbol for multiplication in BASIC is the asterisk
(*). Thus, if you type ? 3*4 the Commodore 64/ VIC 20
will respond with 12 as shown in Figure 4.1. Try it.

Division

The symbol for division in BASIC is the slash (/).
Thus, if you type ?15/3 the Commodore 64/ VIC 20
will respond with 5 as shown in Figure 4.1. Try it.

Exponentiation

The symbol for exponentiation in BASIC is the
upward arrow (t). Thus, if you want to raise 2 to the
power of 3 (2 cubed) you would type ? 21 3 and the
Commodore 64/ VIC 20 would respond with 8 as
shown in Figure 4.1. Try it.

Arithmetic Expressions

The arithmetic operators +, —, *, /, and t can be
combined in various ways in a single arithmetic
expression. For example, if you type ? 5+3—2 the
Commodore 64/ VIC 20 will respond with 6. Now type
the expression ? 6+ 12/2 + 4. Did the Commodore
64/ VIC 20 display what you thought it would?

The Commodore 64/ VIC 20 does division before
addition, so the answer is 16. That is, the expression is
evaluated as 6+(12/2)+4 = 16.

(Not all computer languages work this way. For
example, the language APL evaluates all expressions
from right to left. Thus, in APL the expression you
typed would have a value of 8.)

In BASIC, arithmetic expressions are evaluated
according to the following order of precedence:

1. all exponentiations, t, are evaluated first,
2. all multiplications, *, and divisions, /, are
evaluated next,
3. all additions, +, and subtractions, —, are
evaluated last.

Within each level of precedence, expressions are
evaluated from left to right. Parentheses can be used to
change this order of precedence. In this case expres¬

sions within the innermost parentheses are evaluated
first.

Try to evaluate each of the following arithmetic
expressions and then type them on the Commodore
64/ VIC 20 to check your results. The answers are
shown in Figure 4.2.

? 8-3+4/2
? 3*2—5+8/4
? 8+1/3
? 5+3*4/6
? (3+4)*(6— 3)
? 20/2/5

K“5“
.- ~ I? T s

READY.
? (3+4)*C6-3)
21

READY.
Figure 4.2 Evaluation of arithmetic expressions on the
Commodore 64/V1C 20.

Did you guess the correct answer for the last one?
Remember that the two divisions are evaluated from
left to right so that the correct result is

20/2 = 10 =5 5 2

and not

20 = 20*5
2/5 2

If you want the second result you can type ? 20/(2/5).
Try it.

Note that in the next to last example in Figure 4.2 it
is necessary to use the multiplication symbol, *.
Although (3+4)(6— 3) is used to imply multiplication
in ordinary algebra, it does not imply multiplication to
the Commodore 64/ VIC 20. Any time you want to
multiply anything on the Commodore 64/ VIC 20 you
must use the multiplication symbol, *.
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1*1, 7T

The exponentiation key on the Commodore 64/ VIC
20 has the Creek letter pi, tt, below the symbol t . The
value of tt is 3.14159265 . . . and is equal to the ratio
of the circumference of a circle to its diameter. The
Commodore 64/ VIC 20 has this useful value stored in
its memory, and you can use it in any expression. For
example, type ?tt and the Commodore 64/ VIC 20 will
print the value of tt (see Figure 4.3).

A circle of radius 5 has a circumference equal to
2*5*77. To find the value, type ? 2*5*tt as shown in
Figure 4.3.

The area of a circle of radius 5 can be found by
typing ?tt*512 as shown in Figure 4.3.

^5 .

3.14159265

Figure 4.3 Examples of using tt.

NUMERICAL VARIABLES

We have seen that strings such as “JOHN” can be
stored in memory cells with names such as A3$. If a
memory cell name does not end with a dollar sign, the
Commodore 64 VIC 20 will assume that the memory
cell contains a numerical value. For example, if you
type

A=3
?A

the Commodore 64 \ IC 20 will respond with 3 as
shown in Figure 4.4a. Similarly, if you type

A=5
B=3
?A*B

the Commodore 64/ VIC 20 will respond with 15 as
shown in Figure 4.4b.

Note that these examples used the immediate mode
of execution. The deferred mode of execution can also
be used, as shown in Figure 4.5.

Figure 4.4 Numerical variables can be used in (a) the
immediate mode of execution and (b) in arithmetic
expressions.

Figure 4.5 Use of numerical variables in the deferred
mode of execution.

10 A=5
20 B=3
38 PRINT A»B

The rules for naming numerical variables are the
same as the rules for naming string variables, except
that there is no dollar sign at the end of the name. That
is, each name can contain one or two characters; the

25



first must be a letter, while the second can be a letter or
a numeral. The following are examples of valid names
for numerical variables: Q, A3, XX, AT, C2.

As mentioned in discussions of string variables, the
Commodore 64/ VIC 20 will allow you to type more
than two characters for the name of a numerical
variable. However, it looks at only the first two
characters. To verify this, try typing these statements,
as shown in Figure 4.6:

BOX=7
7BOB

You must be careful if you use memory cell names
containing more than two characters.

Figure 4.6 The Commodore 64/VIC 20 uses only the
first two characters of a memory cell name.

SCIENTIFIC NOTATION

How many digits of a number does the Commodore
64/VIC 20 display? Try typing 71/3 and 72/3 as shown
in Figure 4.7. Note that nine digits are displayed, and
the last 6 in 2/3 is rounded to 7.

Figure 4.7 The Commodore 64/VIC 20 displays nine
digits and rounds the last digit.

? 1X3.333333333
REMY .
? 2/3
.665666667

REftbv,

What happens if you type in a number containing
ten or more digits? Try typing 71122334455 as shown
in Figure 4.8. Note that the Commodore 64/VIC 20
has rounded the number to 112233446 and then
rewritten the number in a form that contains an E.
This is called scientific notation. The number after the
E is the number of places to move the decimal point in
order to obtain the correct number (1.12233446E+09=
1122334460). If the number after the E is positive,
move the decimal point to the right. If the number
after the E is negative, move the decimal point to the
left. Try typing 7.00123 as shown in Figure 4.8.

1122334455
1.12233446E+09

ktADV.

Figure 4.8 Scientific notation is used by the
Commodore 64/VIC 20 for numbers greater than
999999999 and less than 0.01.

The Commodore 64/VIC 20 uses scientific notation
for numbers greater than 999999999 and less than
0.01. You can use scientific notation if you want to,
and the Commodore 64/VIC 20 will convert back to
standard notation if your number is between 0.01 and
999999999. Some examples are shown in Figure 4.9.
Note that the Commodore 64/VIC 20 printed
/OVERFLOW ERROR when we tried to print
1.8E38. It turns out that the largest number (magni¬
tude) that the Commodore 64/VIC 20 can store is
±1.70141183E+38. If you try to store a larger number
you will get an overflow error. Also, any number
between ±2.93875388E-39 will be stored in the
Commodore 64/VIC 20 as zero.

CONTROLLING PRINTED OUTPUT

When you use the PRINT statement you are able to
control where on the screen the output is to be printed
by using commas, semicolons, and the functions SPC
and TAB.
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Comma

800

4

489

Figure 4.10 The comma acts like a tab in a PRINT
statement.

Figure 4.9 You can use scientific notations in your
programs.

The comma has a special meaning in BASIC. It cannot
be used in the customary way to separate groups of
three digits in a large number. For example, in BASIC
the number 3,526,489 must be written without
commas as 3526489.

Try printing the number 3,526,489 with the commas
by typing ?3,526,489 as shown in Figure 4.10. Note
that instead of printing one number the Commodore
64/ VIC 20 printed the three numbers 3, 526, and 489.
In a PRINT statement the comma is used to move to
the next fixed tab position. These fixed tab positions
are located in columns 0 and 1 1 in the VIC 20 (the
twenty-two screen columns are numbered 0 through
21). If you try to PRINT more than two numbers on a
line, the extra numbers will be printed on the next line.
On the Commodore 64, the fixed tab positions are
located in columns 0, 10, 20, and 30 (the forty screen

? 3,526,489
3 526
READY.

? 1.8E38
?0uERFL0W ERROR
READY.

REftBY.
P .123456E4
1234,56

columns are numbered 0 through 39). In this case, as
shown in Figure 4.1 1 (example 1 ), if you try to PRINT
more than four numbers on a line, the extra numbers
will print on the next line. In Figure 4.11, note that a
blank space has been left in front of each number for
the sign. This can be seen more clearly in the second
example of Figure 4.11, where some of the numbers
have negative signs. If the number contains more than
seven digits on the Commodore 64 (eight digits on the
VIC 20) the next tab position is skipped, as shown
by the third and fourth examples of Figure 4. 1 1. One
or more commas can precede a number in order to skip
tab positions, as shown in the last example of
Figure 4. 1 1 .

READY. _
„

? -22, 66, 77,-33
-22 -66

3

77

444

4

-33

45

READY

Figure 4.11 Examples of using the comma as a tab.

The comma can also be used with strings, as shown
in Figure 4.12. Up to ten characters on the VIC 20 or
nine characters on the Commodore 64 can be included
in a string before a tab position is skipped prior to
printing a second string. Strings begin printing in the
beginning tab positions (columns 0 and 1 1 on the VIC
20; columns 0, 10, 20, 30 on the Commodore 64).

Figure 4.12 Using the comma tab with strings.

&

I

"ABCD"
BCD

EADY.

(EADY.
* "123456789","1234"
123456789 1234
EADY.
"1234567898","1234"
234567898 1234

"EFGH"
EFGH

27



The comma can be used in PRINT statements to

separate strings from numerical variables, as shown in
Figure 4.13. Note that after the string“A=” is printed,
the comma causes a tab to column 10(11 on the VIC
20) before the value of A, 3, is printed . This gap can be
eliminated by using a semicolon instead of a comma.

1ST
8 8=3
8 PRINT "8=",8
8 PRINT "THE VALUE OF ft IS",ft
EADY.
UN
i= 3
HE VALUE OF ft IS 3
IEADY.

Figure 4.13 Using the comma to separate strings and
numerical variables.

Semicolon

If numerical values are separated by semicolons
instead of commas, then only a single space (plus a
space for the sign) is inserted after each value, as
shown in Figure 4.14. Commas and semicolons can be
mixed in a single PRINT statement.

When used with strings, the semicolon leaves no
blank spaces between two strings, as shown in Figure
4. 15. When combining strings and numerical values,
the semicolon can be used to eliminate unsightly gaps
as shown in Figure 4.16a. Note that if the value of A is
negative, you may want to include a blank space at the

Figure 4.14 Using the semicolon to separate numerical
values.

7
i

1;2;3;4;5;6
2 I 4 5 6

READY.
?-22;-66;77;-33
-22 -66 77 -33
READYf?li;22;33;44;55
11 22 33 44 55

READY.
Bl

end of the string, as in line 30 of Figure 4.16b. The use
of the semicolon with strings containing graphic
characters simplifies the process of creating larger
graphic figures. This process will be described in detail
later in this chapter.

;"EF6H7 "ABCD"ABCDEF6H
READY.

Figure 4.15 The semicolon leaves no blank spaces
between strings.

Figure 4.16 Using the semicolon to separate strings
and numerical variables.

(a)

LIST

IBA«3S PRINT "A=";ft
8 PRINT "THE VALUE OF A IS";A
EADY.
UN
« 3
HE UALUE OF A IS 3
EADY.

LIST
18 A=-3
28 PRINT "ft=";ft
38 PRINT "THE VALUE OF ft IS ";AREADY. '
RUN
THE’ UftLUE OF ft IS -3
READY.
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SPC

The function SPC(X) can be used in a PRINT
statement to move the cursor X spaces to the right. The
value of X must be between 0 and 255. If the cursor
reaches the end of a line, it will continue at the
beginning of the next line.

As an example, suppose you want to print the word
HELLO in reverse video near the center of the screen.
The program shown in Figure 4.17 will do this. The
string D$ contains ten “cursor down” characters. The
first string in the PRINT statement contains the “clear
screen” character. Thus, the PRIN T statement first
clears the screen, then moves the cursor ten lines down
the screen, then skips fifteen spaces using the function
SPC(15), then prints HELLO in reverse video, and
finally moves the cursor ten more lines down the
screen. This causes the READY message to appear
near the bottom of the screen. Note that the semicolon
must be used between items in the PRINT statement in
order to keep the cursor at its ending location after
each item is processed.

Figure 4.17 The function SPC(15) will skip 15 spaces.
(a) is d4—; > ^iXiTiwTBre

2@ PRINT ” Til" ; jjL .■ SFR:i1-2 ) .■
11 SHE;LL...CiH' ‘ LT

RtHliT „

(b)

TAB

While the comma can be used to tab to the next fixed
tab position on a line (0,10,20,30/0,11), the TAB
function can be used to tab to any position on a line.
Lor example, TAB( 1 5) will move the cursor to column
15 (the sixteenth position) on the line. If SPC( I 5) in
Figure 4.17 is replaced with TAB( 15), the program will
produce the same result.

However, SPC and TAB do not always produce the
same result. You can see the difference in Figure 4. 18.

The function SPC( 10) skips ten spaces after the string
“1979”. On the other hand the function TAB(10)
moves the cursor to column 10.

When using the function TAB(X) the value of X
must be between 0 and 255. If the value of X is less than
the position of the cursor on the line at the time of
execution, the TAB function is ignored.

PRINT "1979";SPC(10);"1980"1979 1980
READY.
PRINT "1979";TAB(18);"1988"
1979 1980
READY.m -

Figure 4.18 SPC and TAB will, in general, produce
different results.

MORE GRAPHICS

The use of string variables and the semicolon in a
PRIN T statement make it easy to draw larger graphic
figures. For example, suppose that AS is a string
consisting often repetitions of the left graphic symbol
on the B key. Also let B$ be a string consisting of one
“cursor down” and ten “cursor left” moves. T hen a
checkerboard pattern can be generated by the state¬
ment PRINT A$;B$;A$;B$;A$;B$;A$ as shown in
Figure 4. 1 9. Note that string variables, including those
defined to represent strings of graphics characters and
cursor moves, can be used more than once in a PRIN T
statement. Note also that the string variables in the

Figure 4.19 Forming graphic figures using multiple
string variables.

.1ST

IS
EADY.
UN

EADY.
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PRINT statement are separated by semicolons. This is
required so that each successive string will pick up
where the previous one left off.

A second example of drawing a graphic figure is
shown in Figure 4.20, where a three-dimensional T is
displayed. The strings B3$, B6$, and B9S are cursor
move strings containing one “cursor down”and three,
six, and nine “cursor left” moves, respectively. Line 60
draws the top of the T and line 70 draws the vertical
post of the T.

40
5s H

B6$="g
Ai$="S 1111'

nr
15
20

73'FRIHT A3$;B3$; A3$;B3$; A3$;B3$; A3$ ;R3
.F35.B35 ; A3S;B3$; A3$;B3$; ;
!REft»Y.

Figure 4.20 Program for drawing a three-dimensional T.

A third example of drawing a graphic figure is
shown in Figure 4.21. The strings B$ and B7$ are
cursor move strings containing one “cursor down”and
eighteen and seven “cursor left” moves, respectively.
The strings Al$ and A2$ contain the graphic
characters for the top and bottom of the frame. The

T H « ";B7S;" U

THE

Figure 4.21 Example of character graphics.
mn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

28
38
48
50
68

READY.

B5=
87$
Ai$
A2S
A3$
A4$

A3$;A3$;83$;A3$;A2$;84$78 PRIHTTfir/ff84$;84$;A4$;B$
88 hllHt “U
I C ";B7$,
READY.
RUN

string A3$ contains the graphic characters required to
draw a single triangular element on the left side of the
frame. This string is called four times in the PRINT
statement in line 70 in order to draw the left side of the
frame from top to bottom. The string A4S contains the
graphic characters required to draw a single triangular
element on the right side of the frame. This string is
called four times in the PRINT statement in line 70 in
order to draw the right side of the frame from bottom
to top. The PRINT statement in line 70 draws the

Figure 4.22 Graphic figures for Exercise 4-1.
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entire frame in the following order: top, left side,
bottom, right side. The words THE VIC are printed by
line 80.

EXERCISE 4-1
Write programs to draw the graphic figures shown in
Figure 4.22. Answers are in the back of the book.

SOME BUILT-IN FUNCTIONS

The Commodore 64/ VIC 20 has a number of built-in
arithmetic functions that simplify many calculations.
You may wish to ignore the descriptions of these
functions until you actually need to use them.

EXERCISE 4-2
Write programs to draw the four playing cards shown
in Figure 4.23. Answers are given in the back of the
book.

Figure 4.23 Playing card graphic figures for Exercise
4-2.

Square Root

The square root of a number can be found by using the
BASIC function SQR(X) where X is a non-negative
number. For example, to find the square root of 16,
type ?SQR(16) as shown in Figure 4.24a. To find the
hypotenuse, R, of the right triangle shown in Figure
4.25, you could use the program in Figure 4.24b.

Figure 4.24 Use of the square root function, SQR.

LIST
18 X=3
28 Y=4
38 2+¥t2)
48 PRINT "THE HYPOTENUSE IS EQUAL T0";R
HEADY.
KUN
THE HYPOTENUSE IS EQUAL TO 5
HEADY.

The Functions ABS, INT, and SGN

The absolute value of a number is the magnitude of a
number without regard to its sign. The absolute value
of a number X can be found by using the built-in
function ABS(X). Thus, for example, if X=— 7, then
the value of ABS(X) will be 7.

? SQRC16)
4

READY.
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Figure 4.25 Finding the hypotenuse of a right triangle.

The value of the function INT(X) is equal to the
integer part of X. Thus, if X=3.25 then INT(X) is
equal to 3. When computing INT(X) the Commodore
64/ VIC 20 will round to the next lower whole signed
number. Thus, if X=—3.25 then the value of 1NT(X)
will be —4.

The function SGN(X) can be used to determine the
sign of a number. It can have the following three
values:

SGN(X) =■
+ 1

0
-1

if X>0
if X=0
if X<0

Examples using ABS, INT, and SGN are shown in
Figure 4.26.

Jiffies and the Time of Day

Try typing ?TI and then type it again. The Com¬
modore 64/ VIC 20 will display two different numbers,
such as those shown in Figure 4.27. (Your numbers

Figure 4.26 Examples of finding the absolute value,
ABS, the integer part, INT, and the sign, SGN, of a
number.

EADY.
SGH(8)

? AB5<-3.2>| 3.2
READY.
? IN.TC3.2)
3

READY.? INTC-3.2)
r4
Ready.? S6MC3.2)
1

READY.7 S6NC-3.2)
Hi

? TI
194833

READY.
? TI
194527

READY.

Figure 4.27 The variable TI contains the number of
jiffies (1/60 second) that have passed since power was
turned on.

will be different from those shown in the figure.) The
Commodore 64/ VIC 20 keeps track of the time that
has elapsed since you turned on its power. The variable
TI will always contain the number of jiffies (I jiffy =
I /60 second) that have passed since power to the
Commodore 64/ VIC 20 was turned on.

You can use the variable TI if you want to see how
long a particular program (or part of a program) takes
to run. For example, to see how long it takes to print
the T in Figure 4.20, add the following statements to
the program in Figure 4.20:

5 A=TI
80 B=TI
90 J=B-A

110 PRINT “THE NUMBER OF JIFFIES IS”; J
120 PRINT “THE NUMBER OF SECONDS IS”:
J/60
The result of running this new program is shown in
Figure 4.28.

Figure 4.28 Counting the number of jiffies during the
drawing of the T.

THE HUMBER OF JIFFIES IS 5MBER OF SECONDS IS .8833333333THE
READY
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Statement 5 will store in memory cell A the value of
TI when the program begins. Statement 80 will store in
memory cell B the value of TI after the T has been
drawn. The difference B-A is then equal to the
number of jiffies that have occurred between lines 5
and 80. This value is stored in memory cell J by line 90
and printed on the screen by line 1 10. The equivalent
number of seconds is printed on the scren by line 120.

The Commodore 64/ VIC 20 uses these jiffies to
keep track of the number of hours, minutes, and
seconds that have elapsed since power was turned on.
These numbers are contained in the string TI$. Try
typing ?TI$ (typing ?TIME$ will produce the same
result). You will get a result similar to that shown in
Figure 4.29. The first two digits are the hours, the
second two digits are the minutes, and the last two
digits are the seconds.

You can change the value stored in TIS to
correspond to the correct time, after which the
Commodore 64/ VIC 20 will keep time for you. For
example, if it is 11:26:13, then you would type
TI$=“112613”. When you press RETURN, the Com¬
modore 64/ VIC 20 will start keeping time from this
value. Whenever you want to know what time it is, just
type ?TI$ (see Figure 4.29).

» TIS185589
READY.m«,'ii26i3
READY.
? TIS112616
READY.

Figure 4.29 Setting Commodore 64/VIC 20’s clock.

Random Numbers

In many programs, particularly game programs, it is
useful to be able to generate random numbers. These
can then be used to simulate dealing cards, rolling
dice, or creating other unpredictable results. BASIC
has a built-in function called RND that makes
generating random numbers easy.

Type the following program and run it twice, as
shown in Figure 4.30:

10 ?RND(1)
20 ?RND(1)
30 ?RND(1)

Figure 4.30 The function RND(1) produces a random
number between 0 and 1.

LIST
18 PRINT RND(i)
28 PRINT RND(l)
38 PRINT RNDC1)
(EADY.
RUN.185564816.8468986348.827743881
READY.RUN.554749226.897233831.572916248
READY.

The function RND(X) will return a pseudorandom
number between 0 and 1 if the argument X is a positive
number. (It does not matter what the positive value is.
We will use 1.) This seems to be happening in Figure
4.30. Each time RND(l) is called, it produces a
different number between 0 and 1. However, if you
turn your Commodore 64/VIC 20 off and then back
on and rerun the program in Figure 4.30, you will
obtain the same set of “random” numbers. This is
because the function RND uses a “seed” that deter¬
mines the initial random number to be generated. This
“seed” is set to the same value each time the
Commodore 64/VIC 20 is turned on. Therefore, the
first time you call RND(l) after the Commodore
64/VIC 20 is turned on, you will always get the same
“random” number.

In order to change the “seed,” you can call the RND
function with a negative argument. For example, if
you add the statement 5 X=RND(—1) to this
program, you will generate a different sequence of
random numbers. However, this statement will always
generate the same sequence of numbers, as shown in
Figure 4.31.

A different negative argument will produce a
different seed and therefore a different random
sequence, as shown in Figure 4.32.

Thus, if you know which negative number is used in
RND(— X) you will, in principle, know what sequence
of “random” numbers will follow. One good way to
make the selection of a seed more truly random is to
use the “jiffy” variable as the value for the negative
number. Thus, if you change line 5 to 5 X=RND(— TI)
then each time you run the program you will generate a
completely different sequence of random numbers, as
shown in Figure 4.33.
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JUST
5 X=RND(-i>
18 PRINT RND(l)
28 PRINT RND(i)
38 PRINT RND(i)
READY.
RUN

.328788872

.978964886

.895758989
READY
RUN

328788872
978964886
895758989

I
READY

Figure 4.31 The function RND(-1) produces a
particular seed.

ri
K

LIST

8
8 PRINT RNDCD
8 PRINT RND(l)
EADY.
UN
.865554613
.846128798
.981188118

X=RND<-2>
i PRINT RND(l)

Figure 4.32 The function RND(-2) produces a
different seed.

READY.
RUN

.865554613

.846128798

.981188118
READY.

Figure 4.33 Using RND( -TI) to produce a seed will
generate different sequences of random numbers.

1ST
5 X=RND(-TI)
18 PRINT RND(l)
28 PRINT RND(l)
38 PRINT RND(l)
READY.RUN

.446882864

.886575336

.887437216
READY.
RUN.175837498

.172576785

.822971522

JEADY.

Trigonometric Functions

The Commodore 64/ VIC 20 contains the following
built-in trigonometric functions:

Function
SIN(X)
COS(X)
TAN(X)
ATN(Y)

Value of Function
sine of X
cosine of X
tangent of X
arc tangent of Y

In the above expressions, X is a numeric constant,
variable, or expression that represents the value of an
angle in radians. The value of ATN(Y) is expressed in
radians in the range ±1.57, and Y is a numeric
constant, variable, or expression.

The definition of a radian is shown in Figure 4.34.
To convert degrees to radians, multiply the number of
degrees by rr/180. Examples of using the trigono¬
metric functions are shown in Figure 4.35.

S— radians
R

= angle for which S = R

= 57.3 degrees

= 1 SO degrees

it = 3.14159265...

Figure 4.34 Definition of a radian.

Figure 4.35 Examples of using the trigonometric
functions SIN, COS, TAN, and ATN.

SIN<45*</188)
787186781

READY.? ATNC2)
1.18714872

JEADY.

READY.
2 C0S(68*</188)

•3

READY.
? TAN(68*«Z188)
1.73285881

Natural Logarithms and the Exponential Function*

Consider the equation:

y = b

*This section may be skipped without loss of continuity.
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In this expression x is called the logarithm of y to the
base b and is written

x = logb y

If the base b is equal to e= 2.718281 . . . , we say that y
is the exponential function y = ex and x is the natural
logarithm of y:

x = In y

In BASIC e* can be computed using the function
EXP(X), and In x can be computed using the function
LOG(X).

The following properties of logarithms are illus¬
trated in the examples shown in Figure 4.36:

LOG(A*B)=LOG(A)+LOG(B)
LOG(A/B)= LOG(A)-LOG(B)
LOG(AtK)=K*LOG(A)

K

i

i

Figure 4.36 Illustrating properties of logarithms.

2.48498685

’ 3*L06f2.5>

L06(3>+L0G<4>
2.40498685

ascsz2>

6<9)-L0G<2)
840774

When the rate at which a quantity grows is
proportional to the amount of the quantity then we
have exponential growth. The amount of money in a
savings account on which interest is compounded
continually grows exponentially. Thus D dollars
invested at P percent annual interest, compounded
continually, will yield X dollars after T years where:

X = De”' I,XI

For example, to find the amount of money you would
earn in seven years by investing$3000at 9.5% interest,
compounded continually, type? 3000*EXP(9.5*7/100)
as shown in Figure 4.37.

Note that the answer is more than $5833, or almost
double your original investment. A characteristic of
exponential growth is a constant doubling time Td.
From the above equation for X we see that X will be
equal to 2D in the time Td where:

•5*7/188)
5833.47156

BEADY.
? 108x106(2)
69.3147181
EADY.

Figure 4.37 Examples related to the exponential
function.

2D = De,,,d 100

or

2= gl'ld 100

Taking the natural logarithm of both sides of this
equation and using the third property of logarithms
illustrated in Figure 4.36, we obtain

ln(2) = PTd/I00 ln(e)
= PTd/ 100

100 ln(2)
P

Note that ln(e) = 1. (Try typing ? LOG(2.718281).)
In order to see how long this doubling time is type

?100*LOG(2)asshownin Figure 4.37. We see that the
doubling time is approximately 70 divided by the
percentage growth rate, or

Td ~ 70/ P

Thus, for example, a 10% inflation rate will double
prices every seven years.

USER-DEFINED FUNCTIONS

Sometimes it is convenient to be able to define your
own BASIC function. For example, suppose you want
to calculate the area of a circle for different values of
the circle radius. You can define a function FNA(R)
that is equal to the area of a circle of radius R using the
DEF FN (define function) statement as follows:
10 DEF FNA(R)=tt*R12. Later in the program any
reference to the function FNA(R) will cause the
expression 7r*Rt 2 to be calculated. For example, the

statement 20 PRINT FNA(3), FNA(5) will print the

or

Td =
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LIST
10 DEF FNA(R)=«*Rf2
28 PRINT FNA(3),FAft(5)
READY,
RUN
28,2743339 78.53981S4

READY.

Figure 4.38 The defined function FNA(R) computes
the area of a circle of radius R.

areas of circles of radius 3 and 5. This example is
shown in Figure 4.38.

The general form of the define function statement
is:

DEF FNname(arg)=expression.

I he name can be any valid variable name (one or two
characters) and the expression can be any arithmetic
expression containing numeric constants and vari¬
ables. Only one argument (arg) can be passed to the
user-defined function. The defining expression may,
however, contain previously defined functions. For
example, the two statements:

10 DEF FNY2(Y)=Yt2
20 DEF FNH(X)=SQR(Xt2+FNY2(Y))

will define the function FNH(X) to be equal to the
hypotenuse of a right triangle with sides X and Y. (See
Figures 4.24 and 4.25.) If you add the statements:

30 X=3:Y=4
40 PRINT FNH(X)

and run the program, the Commodore 64/ VIC 20 will
print the number 5 (5 =sj 31 2 + 41 2).

EXERCISE 4-3
Eet the variables A,B,C, and D have the following
values: A=2, B=3, C=4, D=5. Use the Commodore
64/ VIC 20 to evaluate the following expressions. The
answers are given in the answer section at the end of
the book.

a. X =

b. Z =

c. Y =
d. R =

e. S =

A(B-C)
D(BA— 1)

(A+B)
C(D-A)
V(A+B)/(D-A)

eA —c A
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ENTERING DATA FROM THE KEYBOARD:
LEARNING ABOUT INPUT

In earlier chapters of this book you learned how to use
the PRINT statement to make the Commodore
64/ VIC 20 produce various forms of data on the
screen. In this chapter you will learn how to make the
Commodore 64/ VIC 20 accept various forms of data
that you type on the keyboard. You do this by using
the INPUT statement in a BASIC program. You will
learn how to use this INPUT statement by studying the
following sample programs:

1. add two numbers
2. compute the area of a rectangle
3. compute the area of a circle
4. calculate gas mileage
5. draw custom checkerboard patterns.

THE INPUT STATEMENT

The INPUT statement can be used only in the deferred
mode of execution. The following are some valid
forms of the INPUT statement:

10 INPUT R
10 INPUT A,B
10 INPUT “ENTER 3 VALUES”;X,Y,Z
10 INPUT AS

When the first of these INPUT statements is
executed, the Commodore 64/ VIC 20 will print a
question mark and then wait for you to enter some
numerical value from the keyboard. When you press
the RETURN key, the value that you typed on the
screen will be stored in the memory cell R. The next
statement in the BASIC program will then be
executed.

When the second INPUT statement is executed, the
Commodore 64/ VIC 20 will expect you to enter two
numerical values, separated by a comma. If you press
RETURN after entering only one value, the Commo¬
dore 64/ VIC 20 will print a double question mark and
wait for you to enter the second value. These two
values will then be stored in the two memory cells A
and B.

The third form of the INPUT statement shown will
print the message ENTER 3 VALUES followed by a
question mark. The Commodore 64/ VIC 20 will then
wait for you to enter three values separated by
commas. These three values will then be stored in the
three memory cells X,Y, and Z. If someone else (the
user) will be entering data, the program should always
prompt the user so that he or she will know when to
enter data. This can either be done as shown in this
example or by using a PRINT statement just before
the INPUT statement.
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The fourth form of the INPUT statement shown
above will store whatever you type on the screen in the
string variable AS. You do not need to type the
quotation marks when entering a string with the
INPUT statement unless you are entering some cursor
move, color, or reverse video characters, or a string
containing either blankspaces at the ends or a comma.

The use of the INPUT statement will be illustrated
in the following five programs.

SUM OF TWO NUMBERS

Figure 5. 1 shows a listing and sample run of a program
that will add two numbers entered from the keyboard
and display the sum. Type in this program and run it.

Line 20 prints the message ENTER 2 NUMBERS
SEPARATED BY A COMMA. Line 30 prints a
question mark on the next line and then waits for you
to enter two numbers. In the first example (after RUN)
the two numbers 5 and 9 were entered from the
keyboard. Line 40 then prints the value stored in A (5)
followed by a plus sign, followed by the value stored in
B (9), followed by an equal sign, followed by the sum
AT B (14). Line 50 is a PRINT statement with nothing
following the word PRINT. The only purpose of this
statement is to skip a line on the screen. Line 60 causes
the program to branch back to line 20, which asks for
another two numbers to be entered.

In the second example the value 8 is entered for the
first number. But then the RETURN key was pressed.
Note that the response is a double question mark
asking you to enter the second number. In this
example —3 was then entered.

This program will continue to ask you for two more
numbers. How can you stop the program? You will
find the S 1 OP key does not respond while the INPUT
statement is displaying the question mark and waiting

Figure 5.1 Sample program to add two numbers.

LIST
18 REM PROGRAM TO ADD THO NUMBERSIma 'aavij-w M uitunmn aZLtzVZ.

tl

68 GOTO 28

SEPARATED2 NUMBERS BY COMMAA
9 14

SEPARATED COMMA2 NUMBERS BY A
P? -3

8 -3 5+

READY
RUN
ENTER

* ";B;" = ";A*B
30 INPUT A,B
48 PRINT A;"
58 PRINT

ENTER
? 8

? 5,9
5 +

28„PRINT "ENTER 2 NUMBERS SEPARATED BY fCOMMA *

ENTER 2 NUMBERS SEPARATED BY A COMMA?

for you to enter data. The only way to end a program
during an IN PU L statement is to hold down the
RUN STOP key and press RESTORE. In general,
this will have the side effect of clearing the screen.

I ry experimenting with this program to see how it
behaves. Study the program carefully and make sure
you understand what every statement does.

AREA OF A RECTANGLE

Figure 5.2 shows the listing and a sample run of a
program that computes the area of a rectangle, where
the length and width are entered from the keyboard.
Type in this program and run it.

The main difference between this program and the
previous one is that the prompt message is included in
the INPUT statement in line 30. When this is done, the
question mark and the blinking cursor remain on the
same Une as the message. Thus, you normally enter the
data on the same line as the prompting message.

However, there is a problem with the Commodore
64 VIC 20 in this regard. When the prompt message
is over one linewidth in length (22 characters on the
VIC 20; 40 characters on the Commodore 64), the
computer does not properly read the data you type in if
the data is displayed on the same line as the last part of
the prompt message. Instead, it gives the error
message: ?REDO FROM START. There is appar¬
ently a “bug” in the CBM software that causes this.
One way to deal with the problem, whenever the
question mark and prompt message are displayed, is to
enter a "cursor down” key just before you enter the
data called for. Then, the data will be displayed on the
line following the prompt message. There, the Commo¬
dore 64/ VIC 20 seems to be able to read it okay. This
practice was followed throughout the examples in this
book.

Figure 5.2 Sample program to calculate the area of a
rectangle.

LIST

inis the are*
h INPUT "ENTER THE 2 SIDES OF A RECTAN
48 £RtNT "THE AREA OF A RECTANGLE WITHIDES"
58 PRINT X;"AND ";Y;" IS EQUAL T0";X»Y
68 PRINT78 GOTO 38
READY.
RUNENTER THE 2 SIDES OF A RECTANGLE? 4,5
THE AREA OF A RECTANGLE WITH SIDES

4 AND 5 IS EQUAL TO 28
ENTER THE 2 SIDES OF A RECTANGLE? 6,
THE AREA OF A RECTANGLE WITH SIDES

6 AND 0 IS EQUAL TO 0
ENTER THE 2 SIDES OF A RECTANGLE?
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Note in the second example of Figure 5.2 that the
RETU RN key was pressed after the comma was typed.
When this is done, the Commodore 64/ VIC 20 assigns
a value of zero to the numerical variable Y.

AREA OF A CIRCLE

The area of a circle of radius r is given by

area = ?rr12

Figure 5.3 shows the listing and a sample run of a
program that computes the area of a circle whose
radius is entered from the keyboard. Type in this
program and run it.

This program shows that the PRINT statement in
line 20 and the INPUT statement in line 30 behave the
same way as the single statement

30 INPUT “ENTER THE RADIUS OF A
CIRCLE”;R

That is, the question mark and blinking cursor are
displayed on the same line as the message. This is
because the PRINT statement in line 20 ends with a
semicolon, which always leaves the cursor at its
current position. When a PRINT statement does not
end with any punctuation, the equivalent of a
RETURN is inserted at the end of the print statement.

Line 35 calculates the area of the circle. Recall that
tt is equal to 3.14159265. . . .

Note that in the second example two values, 6 and 3,
were entered. But the Commodore 64/ VIC 20 was
expecting only one value. It therefore used only the
first value (6) and printed the warning message
?EXTRA IGNORED.

In the third example a value of 2.5E19 was entered.
But this results in a value of the area A that is larger
than 1.7E38 and therefore the message 7OVERFLOW

Figure 5.3 Sample program to calculate the area of a
circle.

18 REM PROGRAM TO COMPUTE THE AREA OF A
CIRCLE
26 PRINT "ENTER THE RADIUS OF A CIRCLE ’
jo INPUT R
35 A=**Rf2
46 PRINT "THE AREA OF THE CIRCLE IS";A
56 PRINT
68 GOTO 26
READY.
RUN
ENTER THE RADIUS OF A CIRCLE ? 35.2
THE AREA OF THE CIRCLE IS 3892.55837
ENTER THE RADIUS OF A CIRCLE ? 6,3
’EXTRA IGNORED
THE AREA OF THE CIRCLE IS 113.097336
ENTER THE RADIUS OF A CIRCLE ? 2.5E19
70UERFL0W ERROR IN 35
READY .

ERROR IN 35 is printed, indicating that the overflow
occurred in the calculation of the area A. (See Figure
4.9 for an example of overflow error.)

GAS MILEAGE

The program shown in Figure 5.4 computes gas
mileage in miles per gallon. The reading of the
dashboard odometer (the device that displays the
mileage) at the last fill-up is stored in memory cell M 1
by line 25. The odometer reading at the present fill-up
is stored in memory cell M2 by line 35. The number of
gallons it takes to fill the tank is stored in memory cell
G by line 45. The total number of miles traveled since
the last fill-up is equal to M2-M1. Therefore the
number of miles per gallon is given by (M2-M1)/G.
This is calculated by line 50 and stored in the memory
cell M PG. It is printed on the screen by line 60. Line 70
skips a line, and line 80 branches back to line 20 to run
the program again.

Figure 5.4 Program for computing gas mileage.

10 REf'i GAS MILEAGE PROGRAM
20 PRINT "ENTER PREVIOUS ODOMETER READING"
25 INPUT Ml
30 PRINT "ENTER HEW ODOMETER READING"
35 INPUT M2
40 PRINT "ENTER GALLONS SINCE LAST FILLUP"
45 INPUT G
50 MPG=(M2-M1)/O

60 PRINT "GAS MIlAGE ",MPG, “MILES/OAL. "
70 PRINT
S0 GOTO 20

READY.
A sample run is shown in Figure 5.5a. The answer is

printed as 19.556962 MILES/GAL. This answer
contains many more digits after the decimal point than
are meaningful. It probably makes sense to compute
the miles per gallon only to the nearest tenth. How can
we have the Commodore 64/ VIC 20 display the miles
per gallon to the nearest tenth? The following steps will
do it:

1. Multiply the present value by 10
19.556962X10 = 195.56962
2. Add 0.5
195.56962+0.5 = 196.06962
3. Take the integer part of the result
INT( 196.06962) = 196
4. Divide by 10
196/10= 19.6

Although this may look complicated, it can all be
done with this single BASIC statement:

55 MPG=INT(MPG*10+0.5)/10.
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Note that the result is stored in the memory cell MPG.
Therefore, if you add this statement to the program
shown in Figure 5.4 and run the program with the
same values used in Figure 5.5a. the result will be as
shown in Figure 5.5b.

IfER PREVIOUS ODOMETER READING
NTEg NEW ODOMETER READING
:nIer Gallons since last fillup
' 15.8
IAS MILAGE- 19.556962 MILES/GAL.
INTER PREVIOUS ODOMETER READING

JIIJer previous odometer reading
^NTER NEW ODOMETER READING
! 12654
iNTER GALLONS SINCE LAST FILLUP> 15.8
SAS MILAGE: 19.6 MILES/GAL.

PREVIOUS ODOMETER READING

Figure 5.5 Sample runs of gas mileage program.

CUSTOM CHECKERBOARD PATTERNS

The previous examples in this chapter have used the
INPUT statement to enter numerical data into the
Commodore 64/ VIC 20. I'he program described in
this section will use the INPUT statement to enter
strings into the Commodore 64/ VIC 20. In particular,
the program will display an 8 X 8 checkerboard pattern
made up of any two characters, including graphic
characters. The program is shown in Figure 5.6. Type
in this program and run it. A sample run of the
program is shown in Figure 5.7.

Line 20 is an INPUT' statement that asks you to
enter two graphic characters that it will store in
memory cells AS and BS. (You must separate the
characters by a comma as usual.) Every other line in

Figure 5.6 Program to display an 8 X 8 custom
checkerboard pattern.

REl-iD'r „

2 GRAPHIC CHARACTERS ? S.X

ENTER 2 GRAPHIC CHARACTERS ?

Figure 5.7 Sample run of the program in Figure 5.6.

the checkerboard pattern will begin with the AS
character, and the remaining lines will begin with the
B$ character. For this reason lines 30 and 40 define
two new string variables CS and DS that each contain
the two characters AS and B$. The string CS starts
with AS and the string D$ starts with B$. The
meanings of these strings are shown in Figure 5.8,
where the strings C$ and DS are printed after running
the program shown in Figure 5.6. The string AS
contains the left graphic character on the + sign key,
and the string BS contains the right graphic character
on the V key.*

Lincs 50 and 60 in Figure 5.6 define new strings RIS
and R2$ that contain four copies of C$ and DS,
respectively. The meanings of these two strings are
also shown in Figure 5.8. You can see from the
appearance of RIS and R2$ in Figure 5.8 that every
other line in the checkerboard pattern should be the
string RIS, and the remaining lines should be the
string R2$. Lines 70 and 80 print eight lines,

*On the VIC 20, the former character has twice as many dots and the
latter has thinner legs. Thus, they “look” somewhat different than
Figures 5.7 and 5.8.

40



READV
? C5

READY.
? D$
KS
READV.
? RISawcsxsx
READV .
? R2$
jcaxmxs

READY.
Figure 5.8 Illustrating the meaning of A$, B$, C$, D$,
R1$, and R2$.

NTER 2 GRAPHIC CHARACTERS ? '13

Figure 5.9 Using characters with reverse video in the
program shown in Figure 5.6.

alternating R 1$ and R2$. Note that we have included
four PRIN T statements on each of two lines only for
convenience. We could have written the PRINT
statements on eight different lines.

If you want to use reverse video with any of your
graphic characters, then you must enter the data using
quotation marks, as illustrated in the sample runs
shown in Figure 5.9.

As you can see, you can make many different
checkerboard patterns with this program. Some
choices of graphic characters will produce unexpected
results. You should try lots of different combinations.
Try the two right characters on the O and P keys. Also
use the left character on the B key twice. You should be
able to find dozens of other interesting combinations.

EXERCISE 5-1
Run the checkerboard program shown in Figure 5.6
using:

a. the two right graphic characters on the O and P
keys

b. the left graphic character on the B key twice.

EXERCISE 5-2
Write a program that will ask the user to enter his or
her name, street address, and city, state, and zip code.
The program should then display the name and
address on the screen.

EXERCISE 5-3
The temperature in degrees Celsius (°C) is related to
the temperature in degrees Fahrenheit (° F) by the
formula:

°C =|(°F-32)

Write a program that will accept a temperature in ° F
entered from the keyboard and print on the screen the
temperature in both °F and °C.
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MAKING CHOICES:
LEARNING ABOUT IF...THEN

All of the programs that we have written so far have
consisted of a simple sequence of instructions. The
Commodore 64/ VIC 20 simply does what it is told and
executes one statement after another. However, the
thing that makes computers appear to be smart is their
ability to make decisions. The primary decision¬
making statement in CBM BASIC is the IF...THEN
statement. This statement allows the Commodore
64/ VIC 20 to branch to one of two possible state¬
ments, depending upon the truth or falsity of a
particular logical expression. A logical expression is
an expression that can be either true or false.

In this chapter you will learn:

1. to use the IF...THEN statement to make simple
choices
2. the meaning of the Commodore 64/ VIC 20’s
relational operators
3. the meaning of the Commodore 64/ VIC 20’s
logical operators
4. about the if..then...else statement, flowcharts,
and structured flowcharts.

THE IF...THEN STATEMENT

The IF...THEN statement in CBM BASIC allows
your program to conditionally execute some state¬
ments or to conditionally branch to some statement.

Here are three different forms of the IF...THEN
statement:

50 IF logical expression THEN statement
50 IF logical expression THEN statement 1: statement
2: . . .
50 IF logical expression THEN line number

In each of these forms the logical expression is some
BASIC expression that is either true or false. These
expressions will normally contain relational operators
(such as <) and/or logical operators (such as OR).
These operators will be defined and discussed in detail
in this chapter.

In the first form of the IF...THEN statement shown
above, if the logical expression is true, the statement
following the word THEN is executed. This can beany
BASIC statement that can be executed conditionally.
If the logical expression is false, the statement with the
next line number is executed.

The second form of the IF... I HEN statement
shown above behaves somewhat like the first form.
However, if the logical expression is true, all of the
statements following the word THEN are executed.
The only limitation is that all of these statements must
fit on the four VIC 20 or two Commodore 64 screen
lines associated with the line number of the IF...THEN
statement. Remember that if the logical expression is
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false, the statement with the next line number is
executed.

In the third form of the IF...THEN statement
shown above, if the logical expression is true, the
program will branch to the specified line number. This
form is equivalent to the first form if the statement is a
GOTO statement. Thus, for example, these two
statements are equivalent:

50 IF A<0 THEN 90
50 IF A<0 THEN GOTO 90

In fact, the word THEN can be omitted in the second
form, and you can write:

50 IF ACO GOTO 90

We will illustrate the use of the IF...THEN
statement by adding some conditional statements to
the programs we wrote in Chapter 5.

Gas Mileage Program

In the gas mileage program shown in Figure 5.4 of
Chapter 5, M 1 is the old odometer reading and M2 is
the new odometer reading. To make sense M2 must be
greater than M 1 (M2>M 1). It is always a good idea to
have the program check the data entered through the
keyboard to try to detect any typing errors. For
example, if after entering the value of M2 in line 35,
M 1 is greater than M2, a typing error has probably
been made. We could add these statements to the
program in Figure 5.4, as shown in Figure 6.1:

37 IF M1>M2 THEN PRINT “READING TOO
SMALL”: GOTO 20.

A sample run of this new program is shown in
Figure 6.2. Note that during the first execution, the
last digit of the new odometer reading was omitted.
This made M2CM1. Statement 37 caught it and
printed the message READING TOO SMALL and

then branched back to statement 20, where the
program started over again.

In statement 37 you might have branched back to
statement 30 and asked only for the new odometer
reading. However, the error may have occurred when
entering M 1 (you may have typed an extra digit) and
therefore it is better to re-enter both odometer
readings.

Enterprevious odometer reading
£2345
NTER NEW ODOMETER READING
1265Reading too small

ENTER PREVIOUS ODOMETER READING
P 12345

Enternew odometer reading
12654
NTER GALLONS SINCE LAST FILLUP
15.8
AS MILAGE: 19.556962 MILES/GAL

NTER PREVIOUS ODOMETER READING

Figure 6.2 Program will check to make sure that M2 is
greater than Ml.

Circle Program

In the circle program shown in Figure 5.3 the radius
should obviously be positive. Actually, if you want to
calculate only the area of the circle given by rrr2, then a
negative radius will give the same answer as the same
positive radius. On the other hand if we also calculate
the circumference of the circle given by 2rrr, the radius
must be positive. We can calculate the circumference
by adding these two statements to the program in
Figure 5.3:

45 C=2*7r*R
47 PRINT “CIRCUMFERENCE^”; C

Figure 6.1 Gas mileage program containing an
IF...THEN statement.

10 RE1'1 0FlS 1'11LEliUE. I-'RUUkH1'1
20 PRINT "ENTER PREVIOUS ODOMETER RENDING"
25 INPUT Fil
30 PRINT "ENTER MEN ODuHElEk READING"
35 INPUT H2
37 IF Hl>1'12 THEN PRINT "RENDING IGO SHALL" : GOTO 20
40 PRINT "ENTER GALLONS. SINCE LAST' FILLUP "
45 INPUT G
50 1'1PG= i H2-H1)LU
60 PRIN I " GFlS 1'1 J. L.AGE "IHPG; "HILEScGFiL "
70 PRINT
80 GOTO 2S

READV.
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We can then test to see if the radius is negative by
adding the statement:
32 IF R<0 THEN PRINT “RADIUS MUST BE
POSITIVE”: GOTO 20

If the value of R entered in the INPUT statement on
line 30 is less than 0, then the message RADIUS
MUST BE POSITIVE will be printed, and the
program will branch back to line 20 and ask for
another radius to be entered.

We saw in Figure 5.3 that if the radius is too large,
an overflow error will occur when the area is computed
by line 35. Since the value of the area A cannot be
greater than 1.7E38, the largest radius R that will not
result in an overflow can be found as follows:
A = -nr2 1.7E38

1.7E38/7T
r V1.7E38/tt

Thus, if R>SQR(1.7E38/tt) the area will be greater
than 1.7E38 and cause an overflow. We can test this by
adding the following statement to the program:
33 IF R>SQR(1.7E38/tt) THEN PRINT “RADIUS
TOO LARGE”: GOTO 20

The complete revised program is shown in Figure
6.3, and a sample run is shown in Figure 6.4. Note the
use of the two IF...THEN statements in lines 32 and
33. The first IF...THEN statement checks to see if R is

RUH
ENTER THE RADIUS OF A CIRCLERADIUS MUST BE POSITIVE
ENTER THE RADIUS OF A CIRCLERADIUS TOO LARGE
ENTER THE RADIUS OF A CIRCLE
THE AREA OF THE CIRCLE IS 98CIRCUMFEREMCE= 35.18583??

? -3
? 2.5E28
9 5 5
5283457

ENTER THE RADIUS OF A CIRCLE ?|

Figure 6.4 Sample run of program in Figure 6.3.

less than 0. If this is false (if R is positive), then the next
IF...THEN statement on line 33 isexecuted. If R is not
greater than SQR(1.7E38/tt), the program will con¬
tinue with line 35.

Rectangle Program

As another example of using the IF...THEN statement
to check data entered with the INPUT statement,
consider the program shown in Figure 5.2 that
computes the area of a rectangle. It is clear that both

Figure 6.3 Modified circle program that checks the
value of the radius R.

10 REM PROGRAM TO COMPUTE THE HkEH OF H CIRCLE
20 PRINT "ENTER THE RADIUS OF H CIRCLE " J
30 INPUT R
32 IF R<@ THEN PRINT "RADIUS; MUST BE POSI T IVE" GOTO 20
33 IF R>SQR(1.7E38/it> THEN PRINT "RHBIUS TOO LARGE" ; GOTO
35 H^-rr^R T2
40 PRINT "THE HREH OF THE CIRCLE IS";H
45 £>2*it$R
47 PRINT "CIRCUMFERENCE- " .■ C
50 PRINT
60 GOTO 20

READY.

Figure 6.5 The IF...THEN statement in line 35 contains
a compound logical expression.
10 REM PROGRAM i O COMPUTE THE HREH
2U REM OF H RECTANGLE:
30 INPUT "ENTER THE 2 SIDES OF H RECTFh-iGLE^
35 IF X<0 OR ¥<0 THEN PRINT “VALUES MUST EE: POSITIVE" : GOTO 30
40 PRINT "THE HREH OF H RECTHNGLE WITH SIDES"
50 PRINT X;"HNIi IS EQUHL. 10" J XiV
60 PRINT
70 GOTO 30

READY.
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dimensions of a rectangle must be positive. Thus, if
either of the two values entered via the INPUT
statement on line 30 is negative, the program should
print an error message and ask for new input. We can
do this by adding the following IF,..THEN statement:

35 IF X<0 OR Y<0 THEN PRINT “VALUES
MUST BE POSITIVE GOTO 30

fhe resulting program is shown in Figure 6.5, and a
sample run is shown in Figure 6.6. Note from this
sample run that the Commodore 64/ VIC 20 will not
allow the program to continue if either value entered is
negative or if both are negative. Thus, the meaning of
the logical expression X< 0 OR Y<0 is that it is true if
either X<() or Y<0 is true, or if both arc true.

In this logical expression the symboK (less than) is
one of the relational operators, fhe word OR is one of
the logical operators. Relational operators and logical
operators will be discussed in more detail in the next
two sections.

VALUES L,
EATER THE
THE AREA

balues ।RATER T
HE 2 MOES OF A RECTAAGLE? 3,-6
MUST BE POSITIVE
HE 2 SIDES OF A RECTAAGLE? -5,-9
MUST BE POSITIVE
HE 2 SIDES OF A RECTAAGLE? 6,8
A OF A RECTAAGLE WITH SIDES

6 AAD 8 IS EQUAL TO 48
EATER THE 2 SIDES OF A RECTAAGLE?

Figure 6.6 Sample run of program in Figure 6.5.

RELATIONAL OPERATORS

A relational operator is used to form a logical
expression by comparing two arithmetic expressions.
(An arithmetic expression can be a numerical con¬
stant, variable, or expression.) For example, A<0 is a
logical expression (it is either true or false) which uses
the relational operator <. If the content of memory
cell A is less than zero, this logical expression is true;
otherwise, it is false.

The Commodore 64/ VIC 20 stores the logical value
“false’’as a zero (0). It stores the logical value “true”as
— 1. You can see this by typing

A=3
?A<3

and

A=— 3
?A<0
as shown in Figure 6.7. Note that you can print the
value of logical expressions such as A<0.

h=3
READY
? A<3
8

READY.
A—3
READY
3 ACOFi
READY.

Figure 6.7 The Commodore 64/V1C 20 stores “true” as
-1 and "false” as 0.

The relational expressions used in the Commodore
64/ VIC 20 are given in Table 6.1. Figure 6.8 shows
some examples using these relational operators. You
should try some examples of your own.

TABLE 6.1 Relational operators
Operator Meaning

equal to
not equal to
less than
greater than
less than or equal to
greater than or equal to

Figure 6.8 Examples of logical expressions formed
using the relational operators.

8>SQR(16)

READY.? 5*2018
8

? 6-2=4
-1

READY.
? 3<=SQRC9)

Ready.
? 28>=5t28
READY.
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LOGICAL OPERATORS

In addition to the relational operators the Commo¬
dore 64/ VIC 20 uses the three logical operators NOT,
AND, and OR. The meanings of these operators are
shown in Table 6.2

TABLE 6.2 Logical Operators

A and B are logical expressions
A
true
false

NOT A
false
true

A 8 A AND 8 A OR 8
false false false false
false true false true
true false false true
true true true true

NOT

The logical operator NO T is a unary operator; that is,
it operates on a single logical expression, A. If A is
true, then NOT A is false. If A is false, then NOT A is
true. Examples using the logical operator NO I are
shown in Figure 6.9.

AND

The logical operator AND is a binary operator that
operates on two logical expressions. As shown in
Tabic 6.2, A AND B is true only if both A and B are
true. It is false if either A or B is false, or if both are
false. Examples using the logical operator AND arc
shown in Figure 6.10.

Figure 6.9 Examples using the logical operator NOT.

HOT 3=3
8

IEADY.
* WOT 5<2
1
ODY.
* MOT 1805*2
1
tEADY.
* NOT 6>=SQR(25)
0

IEADY.

7 2=2 AND 3=3
”1
READY.
7 2=2 AND 3>4
0

READY.
7 7<=5 AND 8<100
READY.
2 4<5 AND NOT 7<5pL
(ready.

Figure 6.10 Examples using the logical operator AND.

OR

I he logical operator OR is also a binary operator. As
shown in Table 6.2, A OR B is false only if both A and
B are false. It is true if either A or B is true, or if both
are true. Examples using the logical operator OR are
shown in Figure 6. 1 1 .

Note that the third example in Figure 6. 1 1 is false
while the fourth example is true. The only difference
between the two is the inclusion of the parentheses in
the third example. The fourth example is true because
the AND operation is performed before the OR
operation.

Figure 6.11 Examples using the logical operator OR.

? 5< 3 OR 6>»5
-1
READY.
7 NOT 6=8 OR 707
0

READY.
7 <2=2 OR 3=3) AND 1=2
8

READY.
7 2=2 OR 3=3 AND 1=2-1
READY.

There is an order of precedence for logical and
relational operators as well as for arithmetic oper¬
ators. When the Commodore 64/ VIC 20 evaluates an
expression, it uses the order of precedence shown in
I able 6.3.

Within each level of precedence the expression is
evaluated from left to right.
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TABLE 6.3 Order of Precedence for Evaluating
Expressions
Operator Meaning

Parentheses
t Exponentiation

— Unary Minus
*,/ Multiplication and Division

Addition and Subtraction
= o < <=, >= Relational Operators

NOT Logical Complement
AND Logical AND
OR Logical OR

WEEKLY PAY PROGRAM

As another example of using the IF...THEN statement
consider the problem of calculating the weekly pay of
an employee whose hourly rate is $4.00 and who
receives time-and-a-half for overtime. Suppose that
the total hours worked per week cannot exceed sixty
hours. We want to write a program that will:

1. ask for the number of hours worked to be
entered from the keyboard
2. check to make sure that the number of hours
entered is not greater than sixty
3. check to make sure that the number of hours
entered is not negative
4. compute the pay at $4.00 per hour for the first
forty hours and at $6.00 per hour for any hours over
forty
5. print the total amount of pay.

The program to do this is shown in Figure 6.12.
Lines 20 and 30 ask for the number of hours to be
entered (INPUT statement) and show that the value is
stored in H. Line 40 checks to make sure that the
number of hours is not greater than 60, and line 50
checks to make sure that it is not negative.

Line 60 will compute the total pay to be M=H*4 if
H is less than or equal to 40. Note that this line ends
with the statement GOTO 90, which branches to
statement 90. Line 90 rounds the value of M to two

places after the decimal point (see discussion of gas
mileage program in Chapter 5). Line 100 prints the
amount of pay.

If H is greater than 40, the logical expression
H<=40 in line 60 will be false, and line 70 will be
executed next. Line 70 computes the number of
overtime hours (OV). Line 80 computes the total pay
(M), consisting of the first forty hours at $4.00 per
hour plus the remaining overtime hours at $6.00 per
hour (M=40*4+OV*6). Lines 90 and 100 round and
print the total pay.

Sample runs of this program are shown in Figure
6.13. Note that trailing zeros are not printed on the
screen. Thus, for example, $233.50 is printed as
$233.5. (In Chapter 13 we will see how to make both
positions of the cents field appear on the screen, even
when the right-most position contains a zero.)

ENTER NUMBER OF HOURS WORKED
’32
WEEKLY PAY= $128

READY.
RUM
ENTER NUMBER OF HOURS WORKED
? 52.25
WEEKLY PAY= $ 233.5
READY.
RUN
ENTER NUMBER OF HOURS WORKED
? 47.34
WEEKLY PAY= $ 204.84
READY.

Figure 6.13 Sample runs of program in Figure 6.12.

AREA OF A TRIANGLE

The area of the triangle shown in Figure 6.14 can be
calculated from the formula

AREA = [S(S-A)(S-B)fS-C)f5
= VS(S-A)(S-B)(S-C)

Figure 6.12 Listing of weekly pay program.

10 REM PROGRAM TO COMPUTE WEEKLY WAGES
20 PRINT "ENTER HUMBER OF HOURS WORKED"
30 IHPUT H
40 IF H>60 THEN PRINT " TOO MFlHY HOURS" : GOTO OU
50 IF H<0 THEN PRINT "INVALID DHTH" : 00 TO 20
60 IF HO40 THEN M=H*4:G0T0 90
7'0 0V=H 40
80 M=40*4+OV*6
90 M=INT(M*100+0.5)/100
100 PRINT "WEEKLY PFlY= $“;M

READY.
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where A, B, and C are the sides of the triangle and

S =|(A+B+C)

is the semi-perimeter.
In BASIC the formula for the area can be written as

AREA=(S*(S-A)*(S-B)(S-C))t0.5

or

AREA=SQR(S*(S— A)*(S— B)*(S— C))

Remember that the multiplication symbol * must
always be explicitly typed, and every left parenthesis
must have an accompanying right parenthesis.

Area = [S(S-A)(S-B)(S-C)]°-5
Figure 6.14 Finding the area of a triangle.

We want to write a program that will ask the user to
enter the lengths of the three sides of a triangle from
the keyboard and will then display the area of the
triangle on the screen. It should be clear that not all
combinations of three numbers can represent the sides
of a triangle. For example, a triangle cannot be formed
with the three sides 10, 5, and 3, as shown in Figure
6.15. From this figure you can see that to form a
triangle the sum of A + B must be greater than C,
where C is the longest side. This is equivalent to
requiring C to be less than the semi-perimeter S =
(A+B+C)/ 2. If this were not true, the formula for the
area would involve taking the square root of a negative
number, which is not a real value.

Figure 6.16 Program to find the area of a triangle.

Figure 6.15 To form a triangle the following relations
must be true: A + B>CorC< S=1/2(A+B+C).

Therefore, our program should check to make sure
that the three numbers entered from the keyboard can
really represent the sides of a triangle. We need to
check to make sure that the longest side is less than S.
The longest side may be the first, second, or third
number to be entered from the keyboard. If the
program uses the INPUT statement INPUT A,B,C
then the longest side may actually be stored in memory
cell A,B, or C. Therefore, the program must find the
longest side, L, and then make sure that L is less than
the semi-perimeter, S.

We can determine the largest number stored in
memory cells A,B, and C by the following procedure:

1. Compare A and B
if A>B
then set L=A
else set L=B
2. Compare C and L
if C > L
then set L— C

Convince yourself that this algorithm, or step-by-step
procedure, will in fact put the largest value into
memory cell L. This value of L can then be compared
to the semi-perimeter S to see if a triangle is possible.

The BASIC program to do all of this is shown in
Figure 6.16. Line 20 asks for the three sides of the
triangle to be entered, and line 30 stores these three
values in A,B, and C. Line 40 compares A and B and if

10 REM PROGRAM TO FIND THE AREA OF A
15 REM TRIANGLE
28 PRINT "ENTER THE THREE SIDES OF A TRIANGLE”
30 INPUT A,B,C
40 IF A>B THEN L=A : GOTO 60
50 L=B
6W IF C>L I HEN L=C
7S S=(A+B+C>/2
SO IF L>S THEN PRINT "HO TRIANGLE POSSIBLE" GOTO 20
90 AREA® < (S-A)# <S-B> # <S-C) ) T@,5
100 PRINT "THE AREA GF THE TRIANGLE IS"? AREA
110 PRINT
120 GOTO 20

READ?.
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A> B, it stores the value of A in L and branches to line
60. If A is not greater than B, line 50 will store the value
of B in L. Thus, when line 60 is executed, L will contain
the larger of A and B. Line 60 compares C and L and, if
C is greater than L, it stores the value of C in L.
Therefore, by the time line 70 is executed, L will
contain the largest of the numbers stored in A,B, and
C.

Line 70 computes the semi-perimeter, S, and line 80
compares L and S to see if a triangle is possible. If L is

ENTER THE THREE SIDES OF
NO tRiANGLE POSSIBLE
ENTER THE THREE SIDES OF

RUN
ENTER THE THREE SIDES OF•» 7,12,9
THE AR^A OF THE TRIANGLE
ENTER THE THREE SIDES OF
•> 7 12,4
no Triangle possible
ENTER THE THREE SIDES OF
9 3 5 7THE^A^EA of the triangle

A TRIANGLE
IS 31.3049517
A TRIANGLE

A TRIANGLE
IS 6.49519854
A TRIANGLE

A TRIANGLE

Figure 6.17 Sample runs of the program in Figure 6.16

greater than or equal to S, the message NO TRI¬
ANGLE POSSIBLE is printed, and the program
branches back to line 20 and asks for three new sides.
But if L is less than S, line 90 is executed to compute
the area of the triangle. Line 1 00 prints the result. I .ine
1 10 skips a line on the screen, and line 120 branches
back to line 20 to run the program again. Sample runs
of this program are shown in Figure 6.17.

RANDOM CHECKERBOARD PATTERNS

In Chapter 5 wc wrote a program to generate 8X8
custom checkerboard patterns. In this section we will
write a program that will continuously fill the screen
with a “random” checkboard pattern. The pattern will
consist of two graphic characters A$ and B$. How¬
ever, instead of alternating the characters as we did in
the checkerboard pattern (See Figure 5.6), we will
print at each screen location either the character AS or
the character B$, depending upon whether the random
number RND(l) is greater than or less than 0.5. This
means that each location will have an equal chance of
being either an AS or a BS character.

The program for displaying this random pattern is
shown in Figure 6.18. Line 30 requests two graphic
characters to be entered from the keyboard and stores
them in the string variables ASand B$. Line 40stores a

seed for the random number generator, using the
number of jiffies stored in TI (see discussions of jiffies
and random numbers in Chapter 4). Line 50 clears the
screen. Line 60 stores a random number between 0 and
1 in memory cell X. Line 70 compares X to 0.5 and, if
X<0.5, prints the character stored in AS in the next
screen location. Note that the PRINT statement ends
with a semicolon so that the cursor will stay positioned
at the next screen location. The program then
branches back to line 60 to obtain another random
number. If X is not less than 0.5 in line 70, then line 80
will be executed. This will print the character stored in
B$ and then return to line 60 to obtain another random
number. The program will continue until the STOP
key is pressed.

A sample run of this program is shown in Figure
6.19. In this instance, the two graphic characters used
are the left ones on the 1 and K keys. You should try
running this program using graphic characters of your
choice.

Figure 6.18 Program for displaying random
checkerboard pattern.

IS REM F:>R0GRFtM FOR GENERHT 1i10 H EFh<O'1
£0 RiEH CHECTEREOhRjj PHTi ERN
30 IHPLiT "ENTER 2 GRHFFl1L CHHRFlC TEIF3 ’ ’ ,ht 3:j.

40 X=E:ND -TI)
50 PRINT NT
60 X^RNLKl 3

IF FRO„5 I HEN PRINT FIT .■ : GOTO GO
30 PRINT ESP : GOTO 60

REPUY.

Figure 6.19 Sample run of program shown in Figure
6.18.

INTER 2 GRAPHIC CHARACTERS? |
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IF...THEN...ELSE

In this chapter we have used the BASIC IF...THEN
statement in the form of an if...then...else statement.
For example, in the program to find the area of a
triangle we used the following algorithm to find the
largest value in A,B, and C and store it in L:

'/A>B
then L=A
else L=B
ifO L
then L=C

We coded this algorithm in BASIC as follows:

40 IF A>B THEN L- A: GOTO 60
50 L=B
60 IF C>L THEN L=C

The if. ..then...else statement is available in other
programming languages such as PASCAL, but it is
not directly available in BASIC. With the full form of
the statement, the else statements are automatically
skipped after the then statements are executed.
However, in BASIC we must tell the computer to skip
the else statements by ending the then statements with
GOTO.

The else is generally optional in an if...then...else
statement. Without else, it is like the BASIC
IF...THEN statement. The restriction here is that the
number of statements following THEN must fit on
four VIC 20 or two Commodore 64 screen lines. If they
do not, you can still simulate an if...then...else
statement in BASIC as follows:

100 IF A>B THEN 120
110 GOTO 170
120
130 THEN statements
140
150
160 GOTO 210
170 REM ELSE
180
190 ELSE statements
200
210

Note that line 1 10 is executed if A>B is false. This
will branch to the ELSE statements. If A>B is true
then line 120, the first of the THEN statements, is
executed. You can use as many lines as you need for
the THEN statements. However, at the end of the

THEN statements you must include a GOTO state¬
ment that will skip over the ELSE statements.

In Chapter 3 we said that a computer program is
like a train going on a trip. The seats in the train are
like memory locations with unique names or addresses
that distinguish one seat from another. The “seats”
may contain strings (such as the name of the person
sitting in the seat) or numerical values (such as the age
of the person sitting in the seat).

As the train goes along the track it can come to a
station where new people can get on, some people can
get off, or others can exchange seats or add things to
their seats. This is equivalent to executing BASIC
statements such as PRINT, INPUT, and A=B+C.

The if..then...else statement is like a switch in the
track that allows the train to go on one of two different
paths, as shown in Figure 6.20. These two paths lead to
two different stations and then merge on the other side
of the stations. If the logical expression following z/is
true, the train follows the track to station 1, where the
then statements are executed. If the logical expression
following if is false, the train follows the track to
station 2, where the else statements are executed. Note

Figure 6.20 The if...then...else statement “takes the
train” to one of two possible stations.
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that the train can only go either to station 1 or station
2. It cannot go to both stations, neither in sequence nor
simultaneously.

Flowcharts and Pseudocode

Flowcharts have traditionally been used to express
computer algorithms. The if...then...else statement
illustrated in Figure 6.20 can be represented as a
flowchart, as shown in Figure 6.21. The similarity to
Figure 6.20 is obvious. If the logical expression in the
diamond-shaped box is true, the path to statements A
is followed. Otherwise, the path to statements B is
followed.

Figure 6.21 Flowchart representation of the
if...then...else statement.

The algorithm given earlier for finding the largest
value in A,B, and C is expressed as a flowchart and in
pseudocode (using if...then...else) in Figure 6.22.
Many people find pseudocode representations to be
easier to write than flowcharts, and just as easy to
understand. In addition, it is easy to generate

Figure 6.22 (a) Flowchart and (b) pseudocode for
algorithm to find the largest value in A, B, and C.

if A>B
then L=A
else L=B
if C>L
then L=C

B

flowcharts that end up looking like “bowls of
spaghetti.” For these reasons the use of flowcharts has
declined in recent years. Remember that a pseudocode
is just a way of expressing an algorithm and will not be
understood by the Commodore 64/ VIC 20.

For those who prefer a graphic representation of an
algorithm, structured flowcharts can be used.

Structured Flowcharts

A structured flowchart (also called Nassi-Schnei-
derman charts after the people who introduced them)
is an alternate representation of an algorithm. It
consists of various nested “boxes” without the connec¬
ting lines shown in Figure 6.22. I wo alternate
representations of the if...then...else statement are
shown in Figure 6.23. We will use the form shown in
Figure 6.23a. Using a structured flowchart, the
algorithm shown in Figure 6.22 can be represented as
shown in Figure 6.24.

Flowcharts and pseudocode are just different ways
of representing an algorithm to try to make it easier to
understand. When developing a computer program, it
is generally easier to express the program in the form
of a flowchart, structured flow chart, or pseudocode
before coding it in BASIC.

The structured flowchart and pseudocode for the
weekly pay program discussed earlier in this chapter
are shown in Figures 6.25a and 6.25b. The BASIC
listing of this program is shown in Figure 6.25c. You
should carefully compare these three representations
of the same program.

The advantage of the structured flowchart represen¬
tation is that it clearly displays the logic of the program

Figure 6.23 Two forms of a structured flowchart that
represents the if...then...else statement.

if logical expression

then else

statements A statements B

(a)
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in a graphic form. The advantage of the pseudocode is
that it describes the algorithm in a simple and
straightforward manner. Note the importance of the
indentation in the pseudocode description. The advan¬
tage of the BASIC representation is that it can be
executed on the Commodore 64/ VIC 20.

Some people have devised a variety of indentation
conventions that will make a BASIC program easier to
understand. If you try to indent your programs, you
will discover that the Commodore 64/ VIC 20 automat¬
ically removes leading blanks when LISTing a
program. You can overcome this problem by typing a
colon (:) as the first character following the line
number. Any blanks that you type following the colon
will not be removed when the program is LISTed.
However, these blanks will use up memory in the
computer. You should always keep a written version
of your program on paper. This version can include
indentation, pseudocode, structured flowcharts, or
anything else that will help you to understand the
program.

Figure 6.24 Structured flowchart representation of
algorithm to find the largest value in A, B, and C.

The complete structured flowchart for the program
to find the area of a triangle is shown in Figure 6.26a.
The BASIC listing of this program is shown in Figure
6.26b. You should compare carefully the structured
flowchart and the BASIC listing. Note that the GOTO
statement in line 120 is represented in the structured
flowchart as an “outer loop” that continues forever (or
until the program is STOPped).

In the next chapter we will take a closer look at
loops. In particular you will learn how to stop a loop
any time you want.

EXERCISE 6-1
For married taxpayers filing joint returns, with a
taxable income between $20,200 and $24,600, the
Federal income tax is $3,273 plus 28% of the amount

Figure 6.25 (a) Structured flowchart, (b) pseudocode,
and (c) BASIC listing of weekly pay program.

if H>60 (b)

then print "too many hours"
else if H<0

then print "invalid data"
else if H<=40

then M=H*4
else OV=H—40

M=40*4+OV*6
M = INT(M*100+0.5)/100
print "weekly pay = $" ;M

(c)

10 REM PROGRAM TO COMPUTE MEEKLY MAGES
20 PRINT “ENTER HUMEER OF HOURS M0RKED"
30 INPUT H
40 IF H>60 THEN PRINT "TOO MANY HOURS" : GOTO 20
50 IF H<0 THEN PRINT “ INVHLID DATA": GOTO 20
60 IF HK=40 THEN M=H*4 : GOTO S’©
7'0 OV=H-40
80 MM-0*4+OV*6
90 1'1=INT(M*100+0.5) /100
100 PRINT "MEEKLY PAY= $";M

READY.
over $20,200. Write a program that will accept from
the keyboard a taxable income, check that it is
between $20,200 and $24,600, and then compute and
print the income tax.

EXERCISE 6-2
Write a program to compute take-home pay. The
program should accept from the keyboard an hourly
wage and the number of hours worked. Assume that
6.65% of the gross pay is deducted for Social Security
taxes, 14.8% of the gross pay is deducted for Federal
income taxes, and 4% of the gross pay is deducted for
state income taxes. The program should print out the
wage rate, the number of hours worked, the amount
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Figure 6.26 (a) Structured flowchart and (b) BASIC
listing of program to find the area of a triangle.

deducted for Social Security, Federal and state income
taxes, and the take-home pay.

EXERCISE 6-3
Write a program that will accept from the keyboard a
continuous series of test scores. When a negative score
is entered the program should print the number of
scores entered, the largest score, the smallest score,
and the average of the test scores.

(b) 10 REN FFOGRHi'i TO FIHU THE RRER OF A
15 REM TRIANGLE
20 PRINT "ENTER THE THREE SIDES OF A TRIANGLE"
30 INPUT H,E.U
40 IF COL THEN L=A : GOTO EG
50 L=B
60 IF COL THEN L=C
7'0 S:=(H+B+O/2
80 IF LOS THEN PRINT "NO TRIANGLE POSSIBLE" ; G
90 AREA- < S*(S-A)*(S-B *< S C > j TO „ 5
100 PRINT "THE AREA OF THE TRIANGLE IS" /AREA
110 PRINT
120 GOTO 20

READ?.
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LEARNING ABOUT LOOPS:
ANOTHER LOOK AT IF...THEN

In Chapter 6 we used the IF...THEN statement to
choose between two alternatives. We saw that this use
of the IF...THEN statement was equivalent to usingan
if...then...else statement. In this chapter we will use the
IF...THEN statement for a completely different
purpose—that of forming loops. Because you are
using the same IF...THEN statement, it may appear
that there is no difference between the use of
IF...THEN to form loops and its use to form an
if...then...else construction. But there is a fundamental
difference between loops and an if..then...else state¬
ment. An if...then...else statement merely makes a
decision between two different paths. A loop, on the
other hand, implies repetition in which the same
statements are executed over and over again until (or
while) some condition is met.

In this chapter you will learn:

1. to use the IF...THEN statement to form a repeat
while loop
2. to repeat a loop while an affirmative answer is
given to a question
3. to use nested loops
4. the difference between a repeat while, a repeat
until, a do while, and a do until loop and how to
implement these loops in BASIC
5. how to implement a loop...exit if..endloop and
a loop...continue if..endloop construction in
BASIC.

THE REPEAT WHILE LOOP

Very often you will have a sequence of BASIC
statements that you will want to repeat as long as a
particular logical expression is true. For example,
you may wish to do the following

40
50
60
repeat lines 40-60 while A>0
You can do this with the statement 70 IF A>0
THEN 40.

Lines 40-70 form a loop that is exited only when
A>0 becomes false, that is, when A<=0. In order to
get out of the loop, there must be something in lines
40-60 that will eventually cause A to become less than
or equal to zero.

Here are some examples.

RANDOM CHECKERBOARD PATTERNS

The program for generating a random checkerboard
pattern was described in Chapter 6 and is shown in
Figure 6.18. Review this program and key it in again
(or load it in from tape or disk, if you saved it).
Remember that the only way to stop this program is to
press the STOP key. It would be much neater if the
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program could stop itself after printing as many screen
lines as we want.

We can modify the program to ask for the number
of lines to be printed and to print only that number of
lines. The pseudocode and structured flowchart for
this modified program are shown in Figure 7.1. Each
time through the loop only one character is printed,
and N counts the number of characters that have been
printed. If you have a VIC 20, let WIDTH = 22 and,
if you have a Commodore 64, let WIDTH = 40.
Since each line contains WIDTH characters,
NLINE*WIDTH characters will have been printed
when NLINE lines have been printed. Therefore, in
order to print NLINE lines we must repeat the loop
while N< NLINE*WIDTH.

We can modify the BASIC program shown in
Figure 6.18 to agree with the algorithm in Figure 7.1
by making the following changes. Add the following
statements:

25 PRINT “clear screen’’
35 INPUT “ENTER THE NUMBER OF

LINES”;NLINE
45 N=0
90 N=N+1

100 IF N<NLINE*WIDTH THEN 60

Note especially how the IF...THEN statement is used
to implement both the if...then...else statement and the
repeat while statement. Note also that we have
included an EN D statement at the end of the program.
Although this is optional it does show explicitly where
the IF...THEN statement in line 100 branches if
N<NLINE*WIDTH is false.

A sample run of this program is shown in Figure
7.3. Try generating other patterns with this program.

Figure 7.2 BASIC listing for modified random
checkerboard pattern.

10 REM F'ROGRFiM FOR GENERATING H
20 REM RANDOM CHECKEREOARD PATTERN
25 PRINT
26 NIDTH=40
30 INPUT "ENTER 2 GRAPHIC CHARACTERS" ? AT? E$
35 INPUT "ENTER NUMBER OF LINES"NTLINE
40 X=RNIA W
45 N=0
60 X=RND( 1>
70 IF X<0.5 THEN PRINT HU 10 90
80 PRINT ; GOTO 30
yw N-N+l
100 IF HCNLINE^HIDTH THEN 60
110 END

READY.

In lines 70 and 80 of the original program change
GOTO 60 to GOTO 90 and delete line 50.

The resulting BASIC program is shown in Figure
7.2. Compare this listing carefully with the pseudo¬
code and structured flowchart shown in Figure 7.1.

Figure 7.1 (a) Pseudocode and (b) structured flowchart
for modified random checkerboard program.

clear screen

input 2 graphic characters A$,B$

input number of lines NLINE
initialize random seed
N=0

loop: X =RND(l)
if X<0.5
then print A$
else print B$
N=N+l

repeat while N<NLINE*40

clear screen

input 2 graphic characters A$, B$

input number of lines NLINE

initialize random seed
N=0

X=RND(1)

if X<0.5

then else

print A$; 1 print B$;

N—N+1

repeat while N<NLINE*40

Figure 7.3 Sample run of program shown in Figure 7.2.

TRIANGLE PROGRAM

A program to find the area of a triangle was discussed
in Chapter 6, and the BASIC listing is given in Figure
6. 16. Because of the GOTO statement in line 1 20, this
program is executed over and over again until the
STOP key is pressed. A better way to end the program
would be to ask the user if he or she wants to continue.
This can be done by replacing the GOTO 20 statement
on line 1 20 with the following statements:
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120 INPUT “DO YOU WANT TO CONTINUE
(Y,N)”;A$

130 IF A$=“Y” THEN 20
140 END

Line 120 displays the message DO YOU WANT TO
CONTINUE (Y,N)? and then waits for a response to
be entered from the keyboard. This response is stored
in the string A$. Line 130 compares this string to “Y”
and if A$=“Y” the program branches back to line 20
and the area of another triangle is found. Any other
response will terminate the program.

The BASIC listing of this modified program is
shown in Figure 7.4, and a sample run is shown in
Figure 7.5. Note that the INPUT statement in line 1 20
provides the question mark for the message, and you
do not need to include it in the string. Also remember
that if the response to an IN PUT statement is expected
to be a non-numeric value, a string variable rather
than a numerical variable must be used in the INPUT
statement. If the INPUT statement contains a numer¬
ical variable, and a non-numeric value is typed in, the
Commodore 64/ VIC 20 will respond with the message
?REDO FROM START. It will then wait for a
numeric value to be entered. An INPUT statement
containing a string variable will accept any input, but
will treat it as a string. Thus, in line 130 in Figure 7.4
the variable AS must be compared to the string “Y”

NESTED LOOPS

The program shown in Figure 5.6 of Chapter 5
displays a custom 8X8 checkerboard pattern. In this
section we will write a program that will display a
checkerboard pattern of varying width and height.

Each “elementary square” of the checkerboard will
occupy a 2 X 2 area of the screen, as shown in Figure
7.6. AS and B$ are the strings containing the two

Figure 7.5 Sample run of program shown in Figure 7.4.

RUN
ENTER THE THREE SIDES OF A TRIANGLE
tHE'AftEA OF THE TRIANGLE IS 23.5252524
DO YOU WANT TO CONTINUE <Y,N>? Y
ENTER THE THREE SIDES OF A TRIANGLE
? 4.6,8
THE A^EA OF THE TRIANGLE IS il.618S5
DO YOU WANT TO CONTINUE (Y,N>? N
READY.

graphic characters that will make up the checker¬
board. We will assume that the square shown in Figure
7.6 has a width of 1 and a height of 1 . We will limit the
maximum width of the checkerboard to 10 on the VIC
20 (20 screen locations) and 19 on the Commodore 64
(38 screen locations) and the maximum height to 9 ( 18
screen locations).

Figure 7.6 Elementary square of the checkerboard.

clear the screen
input the two characters A$,B$
input the width W
verify that W is in the range 1-19 [1-10 on the VIC]

The input section of the program will do the
following:

A$ B$

B$ A$

Figure 7.4 BASIC listing of modified triangle program.

10 REM PROGkHM TO FIHD THE HREF! OF Fl
15 REM rRlHNGLE
20 PRINT ''ENTER THE THREE SIDES OF H iRlHNGLE"
30 INPUT H/BjC
40 IF C>L THEN L=Fl : GUTO 60
50 L=E
60 IF C>L THEN L=C
70 S-<H+B+C>/2
80 IF L>S THEN PRINT 'NO I RIhHGlE POSSIBLE" : GOTO 20
90 RREA=( SA (S-Fl)*< S -B)*(S-C) ) TO.5
100 PRINT "THE FlREH OF I HE TRIFiNOLE lo";HHEri
110 PRINT
120 INPUT "DU 'r'OU WANT TO CONTINUE ( 'F,N> ";Hi
130 IF Fl$="Y" THEN 20
140 END

READY.
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input the height H
verify that H is in the range 1-9

This input section corresponds to lines 10-45 of the
program listing shown in Figure 7.7. (On the VIC 20,
change 19 to 10 in both lines 30 and 35.) Note that line
35 means “repeat line 30 while IV<1 or W>19."
Therefore, only values of the width W between 1 and 19
(10 on the VIC 20) will allow the program to proceed.
Similarly, line 45 means “repeat line 30 while H<1 or
H>9."

Figure 7.7 BASIC listing of program to generate
checkerboard pattern of varying width and height.
10 REM CHECKERBOARD '-H l TERN
15 PRINT
20 INPUT "ENTER 2 GRAPHIC CHARACTERS" J H$,BT
30 INPUT "ENTER WIDTH OF PATTERN, 1-19" J U
35 IF WCl OR 1.4/19 THEN 30
40 INPUT "ENTER HEIGHT OF PATTERN, 1-9",H
45 IF H<1 OR H>9 THEN 40
50 NH=0
60 NW=0
70 PRINT A$,BT, : NW=NI,.i+l
30 IF MUCH THEN 70
90 PRINT: HW=0
100 PRINT BT,AT; NH=hll'l+1
110 IF NH<H THEN 100
120 PRINT: HH=NH+1
130 IF NHCH THEN 60
140 END

READ'?.

NH=0
loop: NW=0
loop: PRINT A$;B$;

NW=NW+1
repeat while NW<W
PRINT

NW=0
loop: PRINT B$;A$;

NW=NW+1
repeat while NW<W
PRINT

NH=NH+1
repeat while NH<H

NH=0

NW=0

PRINT A$;B$;

NW-NW+1

repeat while NW<W

PRINT
NW-0

PRINT B$;A$;

NW=NW+1
repeat while NW<W

PRINT
NH=NH+1

repeat while NH<H

(a)

prints one screen line start¬
ing with A$

returnscursor to start of next
line
prints one screen line start¬
ing with B$

returns cursor to start of next
line

(b)

returns cursor to start of next line

returns cursor to start of next line

prints one screen line starting
with B$

prints one screen line starting
with A$

Figure 7.8 (a) Pseudocode and (b) structured flowchart
representation of algorithm to produce checkerboard
pattern.

Lines 50-140 correspond to the algorithm shown in
pseudocode and as a structured flowchart in Figure
7.8. The outer loop counts the number of rows, NH, of
the checkerboard that have been printed. Note that
each row uses two screen lines (see Figure 7.6). Inside
this outer loop are two nested inner loops. The first
one prints one screen line of length W starting with the
character AS. The second loop prints one screen line
of length W starting with the character B$. At the end
of each line, it is necessary to insert a PRINT
statement that will cause the cursor to return to the
beginning of the next screen line.

Study this algorithm carefully and compare Figure
7.8 with lines 50-140 in the BASIC program shown in
Figure 7.7. Key in and run this program. A sample run
is shown in Figure 7.9. Try lots of different graphic
characters.

DIFFERENT TYPES OF LOOPS

There are really four different elementary loop
structures. You can test the logical expression at the
beginning of the loop or at the end of the loop, and you
can branch out of the loop when the logical expression

is true or when it is false. We will call the two loops
with the test at the end of the loop the repeat while and
the repeat until loops. We will call the two loops with
the test at the beginning of the loop the do while and
the do until loops.

Figure 7.9 Brick wall pattern as example of running
program shown in Figure 7.7.

ENTER 2 GRAPHIC CHARACTERS? r,T
ENTER WIDTH OF PATTERN,1-19? la
ENTER HEIGHT OF PATTERN, 1-9? 9

bbbbbbbbbbbbbbbbobb

BlBlBlBl BlBlBl Bl
BiBi BiBiBlBiBl Bl Bl Bl BlBl

Bl Bl BlBiBiBlBiBiBBBiBlBiBiBiBlri
1 BB BBBiBiBlBlBB BBBlBlBBBiBlBl

ISillllllll

READV .
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In addition to these elementary loops it is possible
to use a more general loop structure in which the
logical expression is tested other than at the beginning
or end. Depending upon whether the loop exit is made
when the logical expression is true or when it is false,
we will call the general loop structures loop...exit
if...endloop and loop...continue if...endloop.

All of these loop structures can be implemented in
BASIC, although some are easier to implement than
others. Most good programmers use only two or three
of these loop structures. The choice depends on the
programming language being used and, to some
extent, on personal preference.

The Repeat While Loop

This is the loop that we have been using so far in this
chapter. Its general form is shown in Figure 7.10. In
this figure logical exp. is any logical expression that is
either true or false. This loop is repeated while the
logical expression is true. Figure 7.10d shows what this
loop looks like in our train track model of a computer
program. Note that the train continues to loop around
and through the station as long as the logical
expression is true.

Figure 7.10 The repeat while loop: (a) Pseudocode,
(b) BASIC implementation, (c) Structured flowchart.
(d) Train track equivalent,
loop:

repeat while logical exp.

A

10

20

30 —
40 IF logical expression THEN 10

B

repeat while logical exp.

c

The Repeat Until Loop

The general form of the repeat until loop is shown in
Figure 7. 1 1 . In this case the loop is exited 'd the logical
expression is true. That is, the loop is repeated until the.
logical expression is true. In general you should
choose to use either the repeat while or the repeat until
loop in your programs. This will help you avoid logical

errors because you will always be thinking either
“while" or"until.” Many people prefer the repeat until
loop, and some languages implement this loop
directly.

However, by comparing Figures 7.10b and 7.11b
you can see that it is easier to implement a repeat while
loop in BASIC because the repeat until implemen¬
tation requires an additional GOTO statement. There¬
fore, when we form a loop with the test at the end of the
loop, we will make it a repeat while loop.

loop:

repeat until logical exp.

10

20

30

40 IF logical expression THEN 60

50 GOTO 10

60

B

repeat until logical exp.

Figure 7.11 The repeat until loop: (a) Pseudocode,
(b) BASIC implementation, (c) Structured flowchart,
(d) Train track equivalent.

The Do While Loop

The do while loop is one of those useful programming
statements that is found in newer languages such as
PASCAL. Its general form is shown in Figure 7.12. In
this loop the logical expression is tested at the
beginning of the loop. This means that if the logical
expression is initially false, the statements within the
loop will never be executed. The BASIC implemen¬
tation of the do while loop requires two GOTO
statements, one following the IF...THEN statement to
skip over the loop statements if the logical expression
is false, and one at the end of the loop to branch back
to the IF...THEN statement.

The Do Until Loop

The fourth elementary loop structure is the do until
loop, whose general structure is shown in Figure 7.13.
In this loop the logical expression is also tested at the
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do while logical exp.

enddo

A

10 IF logical expression THEN 30

20 GOTO 70

30

40

50

60 GOTO 10

70 -

B

Figure 7.12 The do while loop: (a) Pseudocode,
(b) BASIC implementation, (c) Structured flowchart,
(d) Train track equivalent.

beginning of the loop. However, the statements within
the loop are executed only if the logical expression is
false, that is, until the logical expression is true. If the
logical expression is initially true, the statements
within the loop will never be executed.

The BASIC implementation of the do until loop
requires only one GOTO statement. For this reason we

Figure 7.13 The do until loop: (a) Pseudocode.
(b) BASIC implementation, (c) Structured flowchart.
(d) Train track equivalent.
do until logical exp. 10 IF logical expression THEN 60

— 20

30

40

enddo 50 GOTO 10

60

A B

C D

will normally implement the do until loop rather than
the do while loop when we need a test at the beginning
of a loop.

People who write structured programs using a
“good” structured programming language use the do
while and the repeat until loops. In BASIC it will save
us some code (and therefore some memory) if instead
we use the do until and the repeat while loops.
loop:

exit if logical exp.

endloop

A

io

20 ...._

30

40 IF logical expression THEN 80

50

60

70 GOTO 10

80

B

Figure 7.14 The loop...exit if...endloop loop:
(a) Pseudocode, (b) BASIC implementation.
(c) Structured flowchart, (d) Train track equivalent.

The loop...exit if...endloop Loop

Occasionally it is convenient to use a more general
looping structure. Such a loop is the loop...exit
if..endloop construction, whose general form is
shown in Figure 7.14. This is really a generalized until
loop. If the exit (/statement is at the top of the loop, it
becomes the do until loop. At the bottom of the loop, it
becomes the repeat until loop.

The loop...continue if...endloop Loop

In order to complete the discussion of loops, the
general form of the loop...continue if..endloop con¬
struction is shown in Figure 7. 15. This is really a
generalized while loop. If the continue if statement is
at the top of the loop, it becomes the do while loop. If

59



the continue if statement is at the bottom of the loop, it
becomes the repeat while loop.

Any of these loops can be used in your programs,
but the easiest ones to implement in BASIC are the
repeat while, the do until, and the loop...exit if..end¬
loop structures.

loop: 10

20

30

continue if logical exp. 40 IF logical expression THEN 60

50 GOTO 90

60

endloop 70

80 GOTO 10

90

C D

Figure 7.15 The loop...continue if...endloop loop:
(a) Pseudocode, (b) BASIC implementation,
(c) Structured flowchart, (d) Train track equivalent.

EXERCISE 7-1
The dimensions, in feet, of a tract of land are shown in
this figure:

Exercise 7-1

Modify the program shown in Figure 7.4 to calculate
the acreage of this tract of land. The total acreage can
be found by computing the area of each of the four
triangles and adding the results. One acre = 43,560
square feet.

EXERCISE 7-2
Suppose that the tract of land shown in Exercise 7-1
contains a circular pond 200 feet in diameter com¬
pletely within its boundaries. Write a program that
will compute the acreage of the land, excluding the
water.

EXERCISE 7-3
The Fibonacci sequence

I I 2 3 5 8 13 21 . . .

has the property that each number in the sequence
(starting with the third) is the sum of the two numbers
immediately preceding it. Write a program that will
display on the screen all numbers in the Fibonacci
sequence that are less than 1000.

EXERCISE 7-4
You decide to deposit an amount of money, D, in a
savings account each month. The account pays P
percent interest, compounded monthly. Write a
program that will accept D and P as inputs from the
keyboard and then determine the number of years
(and months) that it will take for you to accumulate a
million dollars.

The amount of interest added to the account each
month is determined in the following way: If B is the
balance in the account at the beginning of the month,
then at the end of the month an amount of interest
B*MR is added to the account. (MR is the monthly
interest rate, equal to 0.01*P/ 12.) Thus, the total
amount of money in the account at the end of the
month will be equal to B+B*MR.

Run the program for the following cases:

a. deposit $500 per month at 8% interest
b. deposit $1,000 per month at 10% interest
c. deposit $1,000 per month at 12% interest.

EXERCISE 7-5
Manhattan Island was purchased from the Indians in
1626for $24. If that $24 had been deposited in 1626 in a
bank paying 4% interest, compounded annually, what
would it be worth today?

EXERCISE 7-6
If you deposit $100 each year in a bank account
paying 5% interest, compounded annually, how much
money will you have after ten years?
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EXERCISE 7-7
Population growth. In 1980 the U.S. birth rate was
16.2 births per 1000 population, the death rate was 8.9
deaths per 1000 population, and the net migration rate
(including those entering and leaving the country) was
2.0 per 1000 population. Assume that these rates will
remain constant in the future and that the population
of the United States at the beginning of 1980 was
226,504,825. Also assume for the purpose of simu¬
lating this process on the computer that all births,
deaths, and immigrations take place on the last day of
each year. Write and run a program that will
determine in which yearthe population of the U.S. will
reach 300,000,000.

EXERCISE 7-8
A rocket is fired vertically into the air with an initial
velocity of V feet per second. The height H of the
rocket above the ground at any time T is given by

H = -16.1 T2 + VT

Write a program that will:

a. accept a value of V entered from the keyboard,
b. print the letters T and H for a table heading,
c. compute H for values of T starting at 0 and
increasing at one-second intervals until the rocket
hits the ground, and
d. print the values of Tand H in the form of a table.
Run the program using a value of V = 200 feet per
second.
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DISPLAYING THE FLAG:
LEARNING ABOUT FOR...NEXT

In Chapter 7 you learned how to use the IF...THEN
statement to form various looping structures in
BASIC. There is another looping structure available
in BASIC that is called a FOR...NEXT loop. This
loop uses the BASIC statements FOR and NEXT and
is particularly useful when you know how many times
you want to go through a loop.

In this chapter you will learn:

1. how to form a FOR...NEXT loop
2. to draw lines and boxes using the FOR...NEXT
loop
3. how to use nested FOR...NEXT loops
4. how to display the American flag on the
Commodore 64/ VIC 20 screen.

THE FOR...NEXT LOOP

The general form of a FOR...NEXT loop is shown in
Figure 8.1. When statement 10 is executed, the value of
I, called the index variable, is equated to M 1 and
statements 20, 30, and 40 are executed. If M3> 0, then
when statement 50 is executed the value of I will be
incremented by M3, and if I is less than or equal to M2,
statements 20, 30, and 40 will be executed again. This
process continues until I becomes greater than M2, at

which point the program branches to line 60. Every
time around the loop I is incremented by M3. In line 10
the phrase STEP M3 is optional. If it is omitted, an
increment of 1 is assumed.

If M3< 0, then when statement 50 is executed, the
value of I will be decremented by M3, and statements
20, 30, and 40 will continue to be executed until I
becomes less than M2.

Figure 8.1 General form of the FOR...NEXT loop.

10 FOR I=M1 TO M2 STEP M3
20
30
40
50 NEXTI
60

The pseudocode and structured flowchart equiv¬
alent of the FOR...NEXT loop are shown in Figure 8.2
for the case M3>0. When writing pseudocode or
drawing structured flowcharts, you can also use the
representations of the FOR...NEXT loop shown in
Figure 8.3. The FOR...NEXT loop is always executed
at least once, even if M 1 is greater than M2 and M3 is
positive.
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Figure 8.2 (a) Pseudocode and (b) structured flowchart
equivalent of the FOR...NEXT loop.

1 to TO 2 lor i w I to 10 Jt»O 2

Figure 8.3 (a) Pseudocode and (b) structured flowchart
representation of the FOR...NEXT loop.

Immediate Mode Execution
of the FOR...NEXT Loop

If the entire FOR...NEXT loop can fit on four screen
lines on the VIC 20 or two screen lines on the
Commodore 64, you can execute the loop in the
immediate mode. To see how the FOR...NEXT’ loop
works, try typing in the following examples in the
immediate mode.

FOR 1=1 TO 10:? I;:NEXTI
FOR 1=1 TO 10 STEP 2: ? I;: NEXTI
FOR J=10 TO 1 STEP -1: ? J;: NEXTJ
FOR 1=1 TO 10: ? “SHIFT B CURSOR DOWN
CURSOR LEFT”;: NEXT

These examples are shown in Figure 8.4. Note from
the fourth example that the index variable I on NEXTI
is optional, and NEXTI can be written simply as
NEXT. We will normally use only NEXT, except in
nested FOR...NEXT loops, where it is helpful to know
which NEXT goes with which loop.

Drawing Boxes

Figure 8.5 shows the listing of a program that draws a
large box on the screen. Type in this program and run
it. The result of running this program on both the VIC
20 and the Commodore 64 is shown in Figure 8.6.

Study this program and make sure that you
understand how it works. Line 5 clears the screen. Line
10 draws the top of the box from left to right. Line 20

6 7
2:? I;:MEXTI

?"|[!j|";:HEXT
READY.
FOR 1=1 TO 18:
fEADY.

OR 1=1 TO 18 STEP
1 3 5 7 9
EAAY.
OR J=18 TO 1 STEP
18 9 8 7 6 5

FOR 1=1 TO 18:? I;:NEXTILI..2 3 4 5 6 7 8 9 18

4 3 2 1

gEAPY.
Figure 8.4 Examples of using the FOR...NEXT loop in
the immediate mode.

Figure 8.5 Listing of program to draw a large box.

2 EE1'1 PROGRAM TO DRAW Fl LARGE BOX
5 PRIAT"?] " J
18 FOR I=1 TO 20 PEIINT " : HEXl” : PRINT "H" 1
20 FOR I=1 TO 20 : PRIHi" I Mil" ; : HEAT ; PRINT "II";
30 FOR I=1 TO 20 ; PRINT " Ill"; : NEXT • PRINT 11 ,
40 FOR 1=1 TO 20:PRINT" Fil" 1 : HEXT
50 FOR 1=1 TO 2000 : HEXT

READY.

draws the right side of the box from top to bottom.
Line 30 draws the bottom of the box from right to left.
Note that each time the PRINT statement in line 30 is
executed, one line segment is printed, followed by two
CURSOR LEF T movements. Line 40 draws the left
side of the box from bottom to top. The statement 50
FOR 1=1 TO 2000: NEXT creates a time delay so you
can view the box briefly before the “READY.”
message is displayed.

In each of the FOR statements in lines 10-40 the
index I goes from 1 to 20, so 20 line segments are
drawn on each side of the box. Therefore, the box
should be square. But from Figure 8.6 you can see that
the width is greater than the height on the VIC 20 and
the height is greater than the width on the Commodore
64. ( This result may vary somewhat depending upon
the type of television or monitor being used for
display.) In the case of the VIC 20, when the dots are
displayed on the video screen, they are closer together
alonga vertical line than alonga horizontal line. T hus,
a vertical line segment consisting of eight dots will be
somewhat shorter than a horizontal one. On the
Commodore 64, the situation is reversed.

In order to correct for this inherent difference in
scale between horizontal and vertical lines, measure
the sides of whichever rectangle is appropriate in
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Figure 8.6. We measured a width of 6 /2 inches and a
height of 4 % inches on the VIC 20 screen and a width
of 4 % inches and a height of 6 % inches on the
Commodore 64 screen. Thus, the ratio of width to
height is

6 >/, 6.5 _
4^ 4.25 L53

on the VIC 20 and

4 y4 4.75 _

6 % 6.25 '76

on the Commodore 64. Therefore, instead of making
the horizontal lines 20 units long, we really should
make them 20/ 1.53= 13.07~ 13 units long in the case
of the VIC 20. In the case of the Commodore 64, we
should make them 20/.76 = 26.31 ~ 26 units long.
When we change the values of 20 in lines 10 and 30 to
1 3 for the VIC 20 and 26 in the case of the Commodore
64, we get Figure 8.7, both parts of which are nearly
squares.

If you look closely at the boxes in Figure 8.6 and
Figure 8.7, you will notice that the corners do not
meet. This is because as we draw the box, the cursor is
always on the outside of the box. We could fill in the
corners by using the graphic characters on the O,P,L,
and @ keys. However, in this case the cursor must be
inside the box when drawing the sides. This can be
illustrated by using the BASIC statements shown in
Figure 8.8a to draw two sides of the box.

Fine 150 clears the screen. I.ine 160 moves the
cursor to the HOME position and then prints the
symbol on the O key to form the corner. The
FOR....NEXT loop then prints seventeen line segments
alongthetop. Fine 170 moves the cursor back HOME
and then down one. The FOR...NEXT loop then
prints thirteen line segments along the left edge of the
screen. Finally, the cursor is moved five more lines
down the screen so that the READY message will
appear at the bottom of the screen. (Lines 160 and 170
will be used later in this chapter to form part of the
Hag.)

Figure 8.7 Dividing the length of all horizontal lines in
Figure 8.6 by a factor will produce a square: (a) VIC
20 with factor 1.53. (b) Commodore 64 with factor .76.
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Figure 8.8 The program in (a) produces the two
intersecting lines in (b).

(a) 150 PRINT XT
160 PRINT " ST" , : F0R 1 1 TO 17 : PR1NT " ; NE7 T I
170 PR 1NT ‘ : F0R I=1 T0 13 : F'RINT ' ! I Mp .. : HE3T I : I-RIH'T 1' MSlwMi1'

READ t .

NESTED FOR...NEXT LOOPS

FOR...NEXT loops may be nested. This means that
we can put one FOR...NEXT loop completely within
another one. When this is done, the inner
FOR...NEXT loop is executed completely during each
pass through the outer loop. This makes it easy to
perform fairly complex operations.

Plotting Areas

In order to see how nested FOR...NEX T loops work,
type in the following FOR...NEXT loop in the
immediate mode:

FOR X=1 TO 6: ?“LOGO+ NEXTX

This statement will display a row of six graphic
symbols, as shown in Figure 8.9.

Figure 8.9 Displaying one row of graphic symbols.

OR X=1 TO 6 NEXTX
wr?

I he BASIC program to do this is shown in Figure
8.10. Line 10 defines the string BS which consists of
one CURSOR DOWN and six CURSOR LEFT
movements. Lincs 20-50 define the outer loop, and
lines 30-40 define the inner loop. This inner loop is the
FOR...NEXT loop shown in Figure 8.9 that draws one
row of length 6. The statement PRINT B$ in line 50
will move the cursor down one and back six.
Therefore, the next time through the outer Y
FOR...NEXT loop, the row plotted by the X
FOR...NEXT loop will be displayed directly below the
previous row. After seven trips through the Y loop, an
area seven rows high will have been plotted as shown
in Figure 8.10. You should study this figure and make
sure you understand how nested FOR...NEXT loops
work.

Now suppose you would like to display a rectan¬
gular area consisting of seven of the rows shown in
Figure 8.9. You can do this with the following
algorithm:

for y= 1 to 7
draw one row of length 6
move cursor down one and back 6

next y

Figure 8.10 Nested FOR...NEXT loops can be used to
plot areas.

BLIST
18 B5='WU1I"28 FOR V=T IO 7Be FOR X=1 TO 648 PRINT NEXTX58 PRINT BS;:NEXTY
READY.
RON

READY.
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Plotting an Array of Points

Modify the program shown in Figure 8.10 by making
the following changes:

1. add two blank spaces following the graphic
symbol in the string in line 40
2. change the PRINT statement in line 50 to
PRINT

If you make these changes and run the modified
program, you should get the result shown in Figure
8.11. Note that the inner loop still plots a single row
consisting of six concatenated strings. However, now
each string contains three characters (the graphic
symbol plus two blanks). This means that each row is
now eighteen characters long. Since B$ is plotted three
times in line 50, the cursor is moved a total of three
locations down and eighteen back.

Plotting the Star Field

When we display the flag later in this chapter we will
need to plot the star field. We will use the small squares
located on the left front of the C (V on the VIC 20) and
F keys to represent the stars. These will be arranged
according to the patterns shown in Figure 8.12.

If you look carefully at these patterns, you will see
that they consist of two rectangular arrays of points;

Figure 8.11 (a) Modified program to display an array
of points, (b) Execution of program in (a).

<a) is
20 FOR T=1 TO ?
30 FUR ITT TO 6
40 PRINT "T " 1 : HEXT2
SO PRINT EJ : E4,EL; NTEXIT

REHDV.

: & & S 8 $

: » « & $ $

: & $ S « $

S & & & &

: & S $ « «

EADY.

(a)

(b)

Figure 8.12 Pattern used to display the star field in the
flag: (a) Commodore 64 and (b) VIC 20.

one is a 5 X 6 array using the graphic character TOGO
C (I.OGO V on the VIC 20) and the other is a 4 X 5
array using the graphic character LOGO F. These two
rectangular arrays will be plotted separately.

The first rectangular array can be plotted using the
following algorithm:

clear screen
home cursor
for y= I to 5

move cursor to beginning of next line
for x= I to 6

print “space LOGO C space”; (“space LOGO V”
on the VIC 20)

next x
move cursor to beginning of next line twice

next y

You should study this algorithm to see how it produces
the 5X6 array of points shown in Figure 8.12. The
BASIC program for implementing this algorithm on
the Commodore 64, and its execution, are shown in
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Figure 8.13. Note that the statement PRINT is used to
“move cursor to beginning of next line.”

The second 4X5 rectangular array shown in Figure
8.12 needs to be interleaved with the first array of
points. This can be accomplished by adding the
following algorithm:

home cursor
move cursor down 2
for y= 1 to 4

print space
for x— 1 to 5

print “space space LOGO F”; (“space LOGO F”
on the VIC 20)

next x
move cursor to beginning of next line 3 times

next y

Figure 8.13 (a) Commodore 64 BASIC program to
display first rectangular array of points for star field,
(b) Execution of statements in (a).

(a) 90 PRINT "IT
100 PRINT "SFTFOR T=1 TU 5 : PRINT
110 FUR >0=1 TO 6 : PRINT " “ " J ; HEXTX
120 PRINT PRINT NEXTV

REHLi'V.

a a a a a a

a a a a a a

a a a a a a

The BASIC statements for implementing this algo¬
rithm on the Commodore 64 are given in lines 1 30-150
in Figure 8.14a. Lines 90-120 are the same as the ones
shown in Figure 8.13a. T herefore, when all of the
statements in Figure 8.14a are executed, the array
shown in Figure 8.13b is plotted first, followed by the
interleaved 4X5 array, as shown in Figure 8.14b.

(Statements 100-150 will be used later in the chapter
to plot the star field in the flag.)

Figure 8.14 (a) Commodore 64 BASIC program to
display star field, (b) Star field displayed by program
in (a).
yQ PRINT"IT (a)
100 PRINT "88" T FOR T1 TO 3 : PRINT
110 FOR 2>1 TO EX PRINT " • ", HEX Ti
120 PRINT PRINT HEXTV
130 PRINT"®®!" T FOR V=1 TO 4 :PRINT " "
140 FOR X==l TO 5 PRINT" n " , : HEXTX
150 PRINT : PRINT : PRINT : HEXTV

REHDV.
•'

'

.
a
«■■■•

a a a a a
a a a a a a

a a a a a
a a a a a a

ODY.
I

Making Stripes

The one additional thing we need to learn in order to
display our flag is how to make stripes. In this section
we will write a general program that can display any
size striped pattern made from any graphic characters.
The program will ask the user to enter the following
values from the keyboard:

1. the number of stripes, N, to be plotted
2. the width of each stripe, W
3. the length of each stripe, L
4. the two characters, A$ and B$, from which the
stripes will be formed.

Given these variables, Figure 8.15 shows an algorithm
that will display N stripes, each of width W and length
L, starting with the A$ pattern.

Figure 8.15 Algorithm for displaying N stripes, each of
width W and length L, starting with the pattern A$.

clear screen
C$= A$
for y= I to N

for i= I to W
for x= 1 to L

print C$;
next x
move cursor to beginning of next line

next i
if C$=A$
then C$= B$
else C$=A$

next y 67



In this algorithm the innermost FOR...NEXT loop
(for x) will plot one row of L characters C$. (The string
C$ is initially equated to AS.) The middle
FOR...NEXT loop (for i) will plot W rows containing
the C$character.1'his will result in a stripe of width W.
After this FOR...NEXT loop is completed, the
character in C$ is changed to the other stripe
character, using the if...then...else statement. The
outer FOR...NEXT loop (for y) will continue to plot
stripes until N stripes have been plotted.

A listing of the BASIC program corresponding to
this algorithm is shown in Figure 8.16. Type in this
program and run it. A sample run of this program is
shown in Figure 8.17. You should try making different
kinds of stripes using this program. Another sample
run of this program is shown in Figure 8.18. We will

Figure 8.16 BASIC listing of program to make stripes.

19 REF1 PROGRAM TO HAKE STRIFES
20 INPUT "ENTER NUMBER OF STRIFES" ;N
30 INPUT "ENTER MIETH OF EHCH STRIFE" N
40 INPUT "ENTER LENGTH OF EFtCH STRIFE" ;L.
50 INPUT "ENTER 2 CHARACTERS" ;
60 PRINT "IT :C$=A$
78 FOR Y=1 TO N
80 FOR 1=1 TO H
90 FOR X=1 TO L : PRINT C^CNEXTX
100 PRINT: NEXTI
110 IF C$=A$ THEN C4=B4 : 00T0 1:3O
120 C$=H$
130 NEXT?

READY.
Figure 8.17 Sample run of program shown in Figure 8.16.

(a) Eun
NTER NUMBER OF STRIPES? 5
NTER WIDTH OF EACH STRIPE? 4
NTER LENGTH OF EACH STRIPE? 20
NTER 2 CHARACTERS? /A

Figure 8.18 A second run of program shown in Figure
8.16. (For the VIC 20, use 11 stripes of lengths 21.)

use the values shown in this example to help display
our flag.

Notice that in Figure 8.18 we asked for twelve
stripes, (eleven is correct for the VIC) starting with the
dark stripe. This is actually what was plotted, but the
first stripe was scrolled off the top of the screen when
the ready message was printed. One way to keep the
READY message from being printed (and therefore
from scrolling the pattern off the screen) is to end the
program with a statement such as 185 GOTO 185. This
will cause line 185 to loop to itself forever (or until you
press the STOP key). But the READY message will
not be displayed because the program is still executing.
We will use this trick when displaying our flag.

DISPLAYING THE FLAG

The American flag has thirteen stripes. If we use two
screen lines for each stripe, we will require twenty-six
lines. But the Commodore 64 has only twenty-five
screen lines and the VIC 20 has only twenty-three.
Therefore, we will have to compromise and plot only
one screen line for the bottom red stripe of the flag in
the case of the Commodore 64 and omit the bottom
red stripe and half of the white stripe above it in the
case of the VIC 20. The starfield shown in Figure 8.12
is fourteen screen lines high, which corresponds to the
upper seven stripes of the flag. T his is the correct size
of the star field.
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The BASIC program shown in Figures 8.19a and
8.19b will display the stripes of the flag. Lines 20-60 of
Figure 8.19a contain the algorithm shown in Figure
8.15, with N=I2, W=2, and L=39. This will produce
the first twelve stripes on the Commodore 64. Line 70
will display one screen line of the thirteenth stripe.
Line 185 prevents the flag from being scrolled off the
top of the screen. Figure 8.20a shows the stripes
produced by the program in Figure 8.19a.

Lines 20-60 of Figure 8.19b contain the algorithm
of Figure 8.15, with N— 1 1, W=2, and L=21. This
produces the first eleven stripes on the VIC 20. The
twelveth stripe, which is white on the flag, occurs by
default since the background color on the VIC 20 is
white. However, this stripe is only one screen line
instead of two. Figure 8.20b shows the stripes
produced by the program in Figure 8.19b.

We now need to add the “blue” field to Figure 8.20.
This will be done by blanking out a 14X 18 (14X 12on
the VIC 20) area in the upper left-hand corner of the
screen. The following algorithm will do this:

home cursor
for y=0 to 13

for x=0 to 17 (1 1 on the VIC 20)
print”

next x
move cursor to beginning of next line

next y

This algorithm is accomplished by adding lines 80 and
90 to our programs as shown in Figure 8.21. The result

Figure 8.19 Program to display the 13 stripes of the
flag, (a) Commodore 64, (b) VIC 20.

(a) IS HEH PROGRAM FOR DISPLAYING FLAG
20 PRINT" X A$=" Wi" :E$=" = CT=A$
30 FOR ?=1 TO 12 FOR N=1 TO 2 TEINT CX
40 FOR X=1 TO 3iT PRINT "3 X NEXTX
45 PRINT : NEXTN
50 IF C$=A$ THEN CXTXGOTD 60
55 C$=A$
60 NEXT?
70 PRINT "rr , TOR T4 TO S3 TRIM X £1 X NEXTN
185 GOTO 185

READ?.

(b)10 REM PROGRAM FOR DISPLAYING FLAG
20 PRINT“ X A$=“W :BX- "54": CX=H$
30 FOR ?=1 TO 11 : FOR N=1 TO 2 -PRINT CT;
40 FOR X=1 TO 21; PRINT "3 X NEXTX
45 PRINT:NEXTN
50 IF C$=A$ THEN C$=E$ TOTO 60
55 CT-AT
60 NEXT?
185 GOTO 185

READ?.

Figure 8.20 Result of executing program shown in
Figure 8.19. (a) Commodore 64. (b) VIC 20.

of executing these new programs is shown in Figure
8.22.

We now need to add the star field. This is done by
adding lines 100-150 from Figure 8.14. The resulting
programs and their execution are shown in Figures
8.23 and 8.24. Note we have narrowed the horizontal
distance between stars in the case of the VIC 20 by
omittingonespace when we print each star in lines 110
and 140. There is a subtle difference between the
programs for the Commodore 64 and VIC 20 in
displaying the stars. Since the background color on the
Commodore 64 is blue, we set the character color to
white in line 100. Thus, when we print we get white
characters on a blue background. However, in the case
of the VIC 20, the background color is white.
Therefore, in line 100, we leave the color blue and
employ reverse video everytime we specify the char¬
acter to print. The result is again white characters on
a blue background.
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Figure 8.21 Programs to add the "blue” field to the
flag, (a) Commodore 64. (b) VIC 20,

10 REM PROGRAM FOR DISPLAYING FLAG
20 PRINT " ; : AT=" tST :BT=" al" :CT=A#
30 FOR Y=1 TO 12 : FOR N=1 TO 2:PRINT CT;
40 FOR X=1 TO 39: PRINT "51 NEXTX
45 PRINT: NEXTN
50 IF CT=AT THEN CT=BT : GOTO 60
55 C$=RT
60 NEXT?
70 PRINT "WUTOR N=1 TO 39 :PRINT" 3 ; : NEXTN
80 PRINT "SB"; TOR Y=0 TO 13
90 FOR X=0 TO 17:PRINT "8 : NEXTX : PRINT : NEXTY
185 GOTO 185

READY.

10 REM PROGRAM FOR DISPLAYING FLAG
20 PRINT'S"; TT="st" :CT=HT
30 FOR Y=1 TO IT FOR N=1 TO 2:PRINT CT;
40 FOR XM TO 21: PRINT "3 NEXTX
45 PRINT: NEXTN
50 IF CT=AT THEN C$»B$:GOTO 60
55 CT=AT
60 NEXTY
80 PRINT "SB"; TOR Y=0 TO 13
90 FOR X=0 TO 11TRINT "3 H"; :NEXTX :PRINT :NEXTY
185 GOTO 185

READY.

Figure 8.22 Result of executing program shown in Figure 8.21: (a) Commodore 64 and (b) VIC 20.

Finally we need to add a contrasting edge to the top
and left-hand side of the “blue”field. This can be done
by adding lines 160 and 170 from Figure 8.8.The final
programs and flags are shown in Figures 8.25 and 8.26.

EXERCISE 8-1
Use FOR...NEXT loops to implement the checker¬
board algorithm given in Figure 7.8. Run the program
and display the brick wall shown in Figure 7.9.

EXERCISE 8-2
Write a program that will compute and print the cubes
of the odd integers between 1 and 20.

EXERCISE 8-3
There are certain three-digit numbers, called “magic
numbers.”The sum of the cubes of the digits of a magic
number equals the number itself.
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Figure 8.23 Programs to add the star field to the flag,
(a) Commodore 64, (b) VIC 20.

10 REM PROGRAM FOR DISPLACING FLAG
20 PRINT":]"; = A$='TS" :B$=" 3" : C$=A$
30 FOR 7=1 TO 12 FOR N=1 TO 2 TRINT C$;
40 FOR X=1 TO 39: PRINT "3 •";:NEXTX
45 PRINT :HEXTN
50 IF C$=A$ THEN GOTO 60
55 Ci=R#
60 NEXT?
?0 PRINT "Bl"; TOR N=1 TO 39 -PRINT" 3
80 PRINT "SB".:: FOR ?=0 TO 13
90 FOR X=0 TO 17:PRINT "a NEXTX TRINT = NEXT?
100 PRINT "BW; TOR V=1 TO 5 -PRINT
110 FOR X»1 TO 6 TRINT " " ".-NEXTX
120 PRINT ; PRINT : NEXT?
130 PRINT"iflW; TOR ?=1 TO 4 TRINT ” ";
140 FOR X=1 TO 5 TRINT" .".-NEXTX
150 PRINT:PRINT PRINT:HEXTV
185 GOTO 185

READV.

20 PRIHT"D"; : :B$=" 4“ : C$=A$
30 FOR V=1 TO 11: FOR H=1 TO 2:PRINT C$,

40 FOR X=1 TO 21: PRINT "3 S"; ; NEXTX
45 PRINT TEXTN
50 IF C$=A$ THEN C$=B$ : GOTO 60
55 C$=A$
60 NEXT?
80 PRINT "SS";T0R V=0 TO 13
90 FOR X=0 TO 11 TRINT "3 NEXTX TRINT = NEXT?
100 PRINT "SI";:FOR ?=1 TO 5:PRINT
110 FOR X=1 TO 6 TRINT "3 :NEXTX
120 PRINT TRINT : NEXT?
130 PRINT"SWIM"; TOR ?=1 TO 4 TRINT "3 ";
140 FOR X»1 TO 5 TRINT"3 T NEXTX
150 PRINT : PRINT :PRINT : NEXT?
185 GOTO 185

READ?.

Figure 8.24 Result of executing programs shown in Figure 8.23. (a) Commodore 64. (b) VIC 20.
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Figure 8.25 Final programs to display flag, (a)
Commodore 64, (b) VIC 20.

10 REM PROGRAM FOR DISPLAVING FLAG
20 PRINT"T;:A$="rat" :E*=" ST :
30 FOR 7=1 TO 12: FOR h=1 TO 2 = PRINT C$1
40 FOR X«1 TO 39: PRINT "SI : MEN T X
45 PRINT:NEXTN
50 IF C$=A$ THEN C$=E$ GOTO 60
55 C^=A^
60 NEXT?
70 PRINT "18"; TOR N=1 TO 39 : PRINT “Si : NEXTN
80 PRINT "MS"; TOR '7=0 TO 13
90 FOR X=0 T O 17 : PRINT " SI ; :NEXTX : PRINT :NEXT?
100 PRINT "MSI"; TOR 7=1 TO 5:PRINT
110 FOR X=1 TO 6:PRINT " ’ " T NEXTX
120 PRINT :PRINT : NEXT?
130 PRINT "MW1; TOR ?=1 TO 4:PRINT " ";
140 FOR X=1 TO 5: PRINT" " T NEXTX
150 PRINT TRINT : PRINT :NEXT?
160 PRINT "MF"; TOR 1=1 TO 17:pp jHT "~"; : NEXTI
170 PRINT "MM" 1 :FOR 1=1 TO 13 T'RINT"I Ml"; : NEXT1
180 PRINT"MMMMMMMM";
185 GOTO 185

READ?.

20 PRINT":!"; :R$="r«" :B$="5|" :C$=A$
30 FOR 7=1 TO 11: FOR N=1 TO 2:PRINT LT..
40 FOR X=1 TO 21: PRINT "S T NEXTX
45 PRINT TENTH
50 IF C$=A$ THEN C$=E$ :GOTO 60
55 C$=A$
60 NEXT?
80 PRINT "MS";:FOR 7=0 TO 13
90 FOR X=0 TO 11 TRINT "SI S"I : NEXTX = PRINT :NEXT?
100 PRINT "M";T0R '7=1 TO 5 PRINT
110 FOR X=1 TO 6 TRINT "SI NEXTX
120 PRINT : PRINT : NEXT?
130 PRINT"MW’; : FOR 7=1 TO 4 : PRINT "SI
140 FOR X=1 TO 5:PRINT" Si ;:NEXTX
150 PRINT : PRINT :PRINT NEXT?
168 PRINT"MST"; :FOR I=1 TO 11:PRINT " ST"; : NEXTI
170 PRINT"MM"; : FOR I=1 TO 13 PRINT" SI Ml"; :NEXTI
180 PRINT "NmM ;
185 GOTO 185

READ?.

Figure 8.26 Flags produced by programs shown in Figure 8.25. (a) Commodore 64. (b) VIC 20.
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Write a program that will print the value of all such
magic numbers in a column, in which each line is of the
form A MAGIC NUMBER IS .

Use three nested FOR...NEXT loops with index
variables 1,J,K. The values of 1,J, and K. are taken as
the digits of a number between 100 and 999. The
number N is computed as N=100*1+10*J+K. N can
then be compared to the sum of the cube of its digits to
see if it is “magic.”

EXERCISE 8-4
Write a program that will draw a large checkerboard
(8X8), suitable for playing a game of checkers, on the
screen.

EXERCISE 8-5
Write a program that will ask the user to supply the
size of a square box and that will then draw the box.
The program should be able to make the box as square

as possible and test to make sure that it will fit on the
screen.

EXERCISE 8-6
An area seven characters wide and nine characters
high, made up of the left graphic character on the +
key,can be used to represent a face-down playingcard.
Write a program that will display this figure on the
screen.

EXERCISE 8-7
Write a program that will produce a “random” stripe
pattern that fills the screen. The stripe pattern should
be made up of two graphic characters that can be
entered from the keyboard. Each horizontal line on
the screen should have a 50/50 chance of being made
from one of the two graphic characters. The width of
each stripe in the pattern will then vary randomly.
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SUBROUTINES:
LEARNING TO USE

GOSUB AND RETURN

Often you will have a sequence of BASIC statements
that you would like to execute at several different
locations within a program. Instead of having to
repeat this sequence of statements every time you want
to use it, you can write the statements only once as a
subroutine and then call the subroutine each time you
want to execute these statements.

Subroutines are also useful as a means of writing
programs in a modular fashion. This becomes more
and more important as the size of a program grows.
Program segments that perform particular functions
can be written as subroutines and then called when a
given function needs to be performed. Because the
Commodore 64/ VIC 20 screen can display a maxi¬
mum of only twenty-three/ twenty-one program lines
(leaving two lines for the READY message and the
cursor), you should try to code your main program
and your subroutines so that each fits within twenty-
three/ twenty-one screen lines. This will allow you to
read and study a complete program segment without
having to scroll the screen. This technique of modular¬
izing your program will greatly simplify the process of
debugging and modifying your program. It is the
secret that allows you to write long programs with
almost the same ease that you write short programs.

In this chapter you will learn how to:

1. use the GOSUB and RETURN statements

2. write a “Move to X,Y”subroutine that will move
the cursor to a particular X,Y location on the screen
3. use the “Move to X,Y” subroutine to plot lines,
arrays of points, and curves
4. display a three-dimensional letter on the screen
5. display your name in three dimensions on the
screen.

THE GOSUB AND RETURN STATEMENTS

The general form of the GOSUBstatement is GOSUB
line number. When this statement is executed, the
program branches to the statement at line "line
number." For example, the statement GOSUB 500
will cause the program to branch to line 500 which
contains the first statement of the subroutine. It looks
as if GOSUB 500 behaves the same way as GOTO 500;
however, there is an important difference. The
Commodore 64/ VIC 20 will “remember” where the
statement GOSUB 500 is located in the program. You
must include the statement RETURN at the end of the
subroutine. When the RETURN statement is exe¬
cuted, the program will branch back to the next
statement following GOSUB 500. This process is
shown in Figure 9.1.

Now it looks as though you would accomplish the
result in Figure 9.1 by using the two statements 60
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Subroutine

Figure 9.1 Forming a subroutine using GOSUB and
RETURN.

GOTO 500 and 520 GOTO 70. Although this would be
true in Figure 9.1, it would not work if you wanted to
call the same subroutine from two different locations
in the program as shown in Figure 9.2. In this case the
statement 60 GOSUB 500 will branch to the sub¬
routine at line 500 then RETURN to line 70. However,
the statement 90 GOSUB 500 will also branch to the
subroutine at line 500 but will then RETURN to line
100. The Commodore 64/ VIC 20 always remembers
the point from which it branches to a subroutine, and
it will always return to that point.

Figure 9.2 Calling a subroutine from two different
locations within a program.

You can even call a subroutine from within another
subroutine. The Commodore 64/ VIC 20 will always
find its way back by retracing its steps, as shown in
Figure 9.3. Line 60 branches to the subroutine at line
500. Line 510, which is within this subroutine,

branches to a second subroutine at line 600. The
RETURN statement on line 620 will branch back to
line 520, the statement following the GOSUB 600
statement. This happens to be the RETURN state¬
ment of the subroutine that begins at line 500. It will
then branch back to line 70, the statement following
the GOSUB 500 statement.

50
60 GOSUB 500
70
80

500
— 510 GOSUB 600
r»520 RETURN

600
610
620 RETURN

Figure 9.3 One subroutine can call another
subroutine.

The “Move to X,Y” Subroutine

The Commodore 64 screen contains 1000 print
locations. There are twenty-five rows, each containing
forty column positions. We will number the rows 0-24
from top to bottom and call these the Y coordinates.
We will number the columns 0-39 from left to right and
call these the X coordinates. This labeling of the
Commodore 64 screen is shown in Figure 9.4. The
shaded spot in Figure 9.4 is located at the position

Figure 9.4 The Commodore 64 screen contains 1000
print locations.

X=0 X=10 X=39
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X=10, Y=5. Any point on the screen can be identified
by specifying its X and Y coordinates.

On the VIC 20, there are only 506 print locations.
There are twenty-three rows, each containing twenty-
two column positions. Thus, on the VIC 20, the Y
coordinates or rows are numbered 0-22 from top to
bottom. The X coordinates or columns are numbered
0-21 from left to right. The VIC 20 screen looks just
like Figure 9.4 except the maximum X coordinate is
X=21 and the maximum Y coordinate is Y=22.

It would be useful to have a subroutine that would
move the cursor to any position on the screen specified
by the values of X and Y. We could then print anything
we want at this location.

If the cursor is at the beginning of a line, we can
move it to position X on that line with the statement
PRINT TAB(X). We can move the cursor to the
beginning of line Y by moving the cursor to “home”
and then spacing down by executing Y PRINT
statements. (If Y=0, then we will not execute any
PRINT statements.) The algorithm for moving the
cursor to location X,Y on the screen can be written in
pseudocode as shown in Figure 9.5. The algorithm can
be written in BASIC as shown in Figure 9.6.

Figure 9.5 Algorithm for a subroutine to move cursor
to position X,Y,
home cursor
if Y=O
then tab(X)
else for i=1 to Y

move cursor to beginning of next line
next i
tab(X)

Figure 9.6 BASIC subroutine to move cursor to
position X,Y.

500 REM MOVE TO X,Y ON SCREEN
510 PRINT “home”;: IF Y=0 THEN 530
520 FOR 1=1 TO Y: PRINT: NEXT
530 PRINT TAB(X);: RETURN

As an example of using this subroutine, the BASIC
program shown in Figure 9.7 will do the following:
clear the screen
set X=10 and Y=5
call the “move to X,Y” subroutine
print a circular spot

Note that in this program the statement 100 END is
required to stop the program. Otherwise the program
would continue, and the subroutine at line 500 would
be executed again. The execution of the program in
Figure 9.7 is shown in Figure 9.8.

Figure 9.7 BASIC listing of program to print a spot at
location X=10, Y=5.
5 PRINT
10 X=10
20 7=5
25 GOSUB 500 PRINT
100 END
500 REM MOYE TO X.Y ON SCREEN
510 PRINT"*"; : IF Y=0 THEN 530
520 FOR 1=1 TO PRINT NOT
530 PRINT TABOO; : RETURN

READY.

Figure 9.8 Result of executing the program shown in
Figure 9.7.

EXAMPLES OF PLOTTING

The program shown in Figure 9.7 can easily be mod¬
ified to plot lines, arrays of points, and curves.

Plotting Lines

A vertical line of dots starting at location X= 10, Y=5
and going to location X=10, Y=20 can be plotted by
changing line 20 in Figure 9.7 to 20 FOR Y=5 TO 20
and adding the statement 30 NEXTY. The resulting
program and its execution are shown in Figure 9.9.

If you now change line 20 to 20 FOR Y=5 TO 20
STEP 3 you will obtain the results shown in Figure
9.10. Note that in this case dots are plotted at the Y
locations 5, 8, 11, 14, 17, and 20. Try changing the
value of X and the range and step size of Y in Figure
9.10a.

Plotting Arrays of Points

By including X in a FOR loop in Figure 9.10, we can
plot an array of points. Change line 10 to 10 FOR X=0
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Figure 9.9 (a) BASIC program to plot a vertical line of
dots, (b) Execution of program in (a).

<a) 5 PRINT
10 X=10
20 FOR T=5 TO 20
25 GOSUB 500 :PRINT "•"
30 NEXTV
100 END
500 REM MOVE TO X,V ON SCREEN
sic print"S"j ; if then 530
520 FOR 1=1 TO ?;PRINT TEXT
530 PRINT THB(X); •RETURN

READV.

Figure 9.10 Result of adding STEP 3 to line 20 in
Figure 9,9.

5 PRINT "II"
10 X=10
20 FOR V=5 TO 20 STEP 3
25 GOSUB 500:PRINT
30 NEXTV
100 END
500 REM MOVE TO X/? ON SCREEN
510 PRINT "S3"; : IF V=0 THEN 530
520 FOR 1=1 TO V: PRINT TEXT
530 PRINT TRBCX); :RETURN

READV.

REABY.

TO 20 STEP 5and add the statement 40 NEXTX. We
now have a pair of nested FOR...NEXT loops.
Therefore, the vertical line made up of the six dots
shown in Figure 9.10 should occur at each of the
following values of X: 0, 5, 10, 15, and 20.

The resulting listing and execution of this program
are shown in Figure 9.11. You should modify this
program by changing the ranges and step sizes of
X and Y and by changing the graphic character that is
plotted. There are lots of different possibilities. Try
them.

Figure 9.11 Result of plotting X in a FOR...NEXT loop
in Figure 9,10,

5 PRINT (a)
10 FOR X=0 TU 20 STEP 5
20 FOR V=5 TO 20 STEP 3
25 GOSUB 500:PRINT
30 NEXTV
40 NEXTX
100 END
500 REM HOVE TO X/V ON SCREEN
510 PRINT"H'S : IF V=0 THEN 530
520 FOR 1=1 TO V : PRINT : NEXT
530 PRINT TAE(X RETURN

READV.

B B B B B

B B B 1 B

B B B B B

B B B B B

B B B B B

B B B B B
READY.

Plotting Curves

In Figure 9.11 the values of both X and Y arechanged
by FOR statements. However, if we know how the
value of Y is related to the value of X, we can let the
Commodore61/ VIC 20calculate Y. Forexample, the
curve Y = X should be a straight line along which each
value of Y is equal to the value of X.

In order to plot this curve make the following
changes in the program shown in Figure 9.11:

change line 10 to 10 FOR X=0 TO 19
change line 20 to 20 Y=X
delete line 30.
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The resulting program and its execution are shown in
Figure 9.12.

If you can write an equation for Y involving the
value of X, then the program in Figure 9.12a can be
used to plot this curve by simply changing the
definition of Y on line 20. You may also want to
change the range of X on line 10. For example, if you
change line 20 to 20 Y=10—9*SIN(2*tt*X/ 14) you will
obtain the curve shown in Figure 9.13. Try changing
the word SIN in line 20 to COS. Also try changing the
values of 9 (to something smaller) and 14 in line 20. On
the Commodore 64, increase 19 in statement 10 to 39.

Figure 9.12 (a) Program to plot the curve Y=X. (b)
Execution of program in (a).

(a) 5 pRINT
10 FOR X=0 TO 19
20 Y=X
25 GOSUB 500 : PRINT
40 HEXTX
100 END
500 REN Mu¥E TO X.. ¥ ON SCREEN
510 PRINVS"; : IF ¥=0 THEN 530
520 FOR 1=1 TO Y:PRINT: NEXT
530 PRINT THE < Xi; :RETURN

READY.

Figure 9.13 (a) Listing of program to plot the curve
Y=10-9*SIN(2*tt*X/14). (b) Execution of program
shown in (a).

(a) 5 PRINT
10 FOR X=0 TO IS1
20 ¥=10-9*31N(2*it*XX14)
25 GOSUB 500= PRINT
40 HEXTX
100 END
500 REM MOVE TO X,¥ OH SCREEN
510 PRINT"3"; : IF Y=0 THEN 530
520 FOR 1=1 TO ¥:PRINT : NEXT
530 PRINT TAB< X)i = RETURN

READY.

EXERCISE 9-1
Run the program shown in Figure 9.13 four times,
changing line 20 to each of the following statements:

a. 20 Y=10-4*LOG((X+l)/4)
b. 20 Y=20— 20*EXP(— X/ 10)
c. 20 Y=Xt2/70
d. 20 Y=3*SQR(X)

THREE-DIMENSIONAL NAMES

As another example of using subroutines we will write
a program that will display the name JEFF in three-
dimensional block letters. We will begin by writing
three subroutines: one for displaying a J, one for
displaying an F, and one for displaying an E. In fact,
the subroutine that displays an E will first call the
subroutine that displays an Fand then add the bottom
horizontal piece to form an E. We will then write a
main program that displays the name JEFF.

How to Make a 3-D Letter

The front face of each 3-D letter that we form will be
ten rows high and four columns wide. The first step in
making a 3-D letter is to sketch the block letter on a
sheet of quadrille paper as shown in Figure 9.14.

The front face of the letter is printed with the
graphic symbol formed by LOGO+. The edges of the
letter are formed by a combination of reverse video
space, SHIFT N, and SHIFT £.

To make it easier, we will construct a series of single
row primitives that can then be combined in various
ways to form different letters. The defining statements
for these primitives are shown in lines 20-70 of Figure
9.15. These statements must be included at the
beginning of a program that will display 3-D letters. In
Figure 9.15 line 90 will branch to line 1000, where the
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10 rows
high

4 columns wide

Figure 9.14 Begin by making a sketch of the letter.

main program that displays the name will be located.
The subroutines for the various letters will be located
between line 100 and line 1000.

The strings B2$, B4$, and B5$ defined in line 20 arc
cursor movement strings that move the cursor down
one and left two, four, and five positions, respectively.

iMiir
C4$=A4$i

gpi»— — — -w -

98 GOTO IBM
READY.

LIST
10 REM 3D
20 B2$='ja
30 01$=”®
40 cis=aT

Figure 9.15 Primitives used to draw 3-D letters.

The strings Al$, A3$, and A4$ defined in line 30
produce rows of the LOGO + graphic symbol of width
I, 3, and 4 respectively as shown in Figure 9.16a.

The strings C I $, C3$, and C4$ defined in line 40 are
combinations of Al$, A3$, and A4$, followed by a
reverse video space as shown in Figure 9.16b.

The strings D2$, D3$, and D5S defined in line 50
can be used to draw the top parts of letters with total
widths of 2, 3, and 5, respectively. These four strings
are displayed in Figure 9.16c.

The strings El$, E3$, and E4$ defined in line 60 are
combinations of A l$, A3S, and A4S, followed by the
SHIFT £ graphic symbol. These strings are displayed
in Figure 9.16d. They are used to form the bottom edge
of a segment. For example, E4$ is used to form the

Figure 9.16 The primitive strings used to form 3-D
letters.
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bottom of the top bar on the F in Figure 9.14; E3$ is
used to form the bottom of the short bar of the F, and
El$ is used to form the very bottom of the F.

The strings F3$ and F4$ defined in line 70 have a
total width of three and four spaces, respectively. They
begin and end with a reverse video SH I FT N character
and contain reverse video spaces in between. They are
displayed in Figure 9.16e.

To form a 3-D letter, you simply combine the
strings shown in Figure 9.16 with the cursor movement
strings B2$, B4$, and B5$. We will illustrate this
procedure by forming the letters J, F, and E.

Making a J

To make a J, begin by sketching the J on quadrille
paper as shown in Figure 9.17. Now start at the top
row and compare each line of the sketch with the row
primitives shown in Figure 9.16. For example, the top
row consists of three spaces plus the string D2$.
Always start printing the letter from the upper left¬
hand corner of the 11-row X 5-column rectangle. You
can then move this starting position to any location
you want on the screen (by using the “Move to X,Y”
subroutine).

After printing the top row, the cursor will be just to
the right end of this row (follow all strings with a
semicolon). Therefore, to display the long vertical post
of the J, we need to print the strings B2$; (move cursor
down 1 and left 2) and Cl$; eight times. This can be
accomplished with the statement FOR 1=1 TO
8:PRINT B2$;C1$;:NEXT. The complete subroutine
for displaying the 3-D J is shown in Figure 9.18. Line
1 10 draws the long vertical post. The cursor will then
be just to the right end of row 9. Line 120 moves the
cursor to the beginning of row 10 (B5$) and then up
three rows. The strings D2$;B2$;C1$;B2$;A1$ then
display the short post of the J. There is no primitive in
Figure 9.16 that will draw the top edge of the bottom
of the J. Therefore, we must include a string for this,
made up of a reverse video SHIFT N followed by one
reverse video space. In order to move the cursor down
1 and left 3 we use B4$ followed by a space (there is no
B3$ primitive in Figure 9.16). Row 10 is just a C4$
primitive, and row 1 1 is an E4$ primitive. Line 130 is
the RETURN statement that must be used to end all
subroutines.

To make sure that this subroutine draws the J
properly, add the statements shown in Figure 9.18 to
the statements in Figure 9.15. Also add the statement
1000 END. Now when you RUN this program it will
look as though nothing happened. However, all of the
strings in lines 20-70 will have been defined. You can
now execute the statement GOSUB 100 in the
immediate mode, and you should get the result shown
in Figure 9.19.

Figure 9.19 Testing the subroutine shown in Figure
9.18.

Figure 9.18 Subroutine to display 3-D J.
100 REM 3-D J
110 PRINT SPC(3 > D2*.-FOR 1=1 TO 8 PRIHI
120 PRInt B5$; 11TO";D2$;B2$;C1$;B2*;H1$.;
130 RETURN

READ?.

E2*;ci$. : NEXT
a/ IS". 84*.; " %C4*.;B5*,E4*.;
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Making an F

The sketch of a 3-D F is shown in Figure 9.20a. By
comparing this sketch with the row primitives shown
in Figure 9.16 you can generate the table shown in
Figure 9.20b. This table is then included in the PRINT
statements shown in Figure 9.21, where the cursor
movement strings B5$, B4$, and B2$ have been
inserted in the appropriate places.

Add the subroutine shown in Figure 9.21 to the
program, and then verify that it will draw an F as
shown in Figure 9.22.

Making an E

The sketch of a 3-D E is shown in Figure 9.23. Since
the E is just an F with a bottom bar added to it, you can
make an E by first making an F (say GOSUB 200) and

Figure 9.20 (a) Sketch of a 3-D F. (b) Primitives used to
form the 3-D F.

1
2
3
4
5
6
7
8
9

10
11

String
D5$
C4$
E4$
C1$
A1$;F3$
C3$
E3$
C1$
C1$
C1$
E1$

then adding a bottom bar. The subroutine to do this is
shown in Figure 9.24.

After displaying the F using GOSUB 200, the
cursor will be just to the right of the last row in the F.
By moving the cursor up two lines and left one
position, the bottom bar of the E can be drawn using
the strings F4$, C3S, and E3$ as shown in Figure 9.24.

Now add the subroutine shown in Figure 9.24 to the
program, and then verify that it will draw an E as
shown in Figure 9.25.

Displaying the Name JEFF

Now that we have subroutines that will display the
letters J, F, and E, we can combine them to form the
name JEFF. We will need to move the cursor to a
particular location on the screen and then call the
appropriate letter subroutine. We will therefore need

Figure 9.22 Testing the subroutine shown in Figure
9.21.

Figure 9.23 A 3-D E is a 3-D F plus a bottom bar.

Figure 9.21 Subroutine to display 3-D F.

200 REM 3-D F
210 PRINT D541E541 244 .: 1 E44,B54 1 C1$ J B24 H1$ J F34 B44, 334 644 .. E34,B44
228 FOR I-1 TO 3 : PRINT C14 J E24, : HEN I • PRINT E14
230 RETURN

REHD'r1.
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Figure 9.24 Subroutine to display 3-D E.

300 REM 3-D E
310 GOSUB 200 : PR1NT"mi" J F4$,E4$;C3$ J 1:44 J E3$.
320 RETURN

READ?.

Figure 9.26 Subroutine “Move to X,Y”.
500 REM MOVE TO X>V OH SCREEN
510 PRINT "S3" J ; IF V=0 THEN 530
520 FOR 1=1 TO Y : PRINT : NEXT
530 PRINT THECD. : RETURN

REHDV.

our “Move to X,Y”subroutine shown in Figure 9.6. A
listing of this subroutine is shown in Figure 9.26. Add
this subroutine to the program.

Line 1000 now contains the END statement. We
must change this so that it is the beginning of the main
program that will display the name JEFF. (Remember
that line 90 in Figure 9.15 contains the statement
GOTO 1000.) We will display the four letters J, E, F,
and F with their upper left-hand corners at the
following screen positions:

Figure 9.27 Main program that displays the 3-D name
JEFF.
1000 REM MHIN PROGRfiMTO DRAW JEFF
1005 PRINT" 21"
1010 X=1: V=8 : GOSUB 500 : GOSUB 100
1020 X=6: GOSUB 50U GOSUB 300
1030 X=1L GOSUB 500 = GOSUB 200
1040 X—16: GOSUB 500: GOSUE 200
1050 GOTO 1050

REHER.

Figure 9.25 Testing the subroutine shown in Figure
9.24.

J X= 1 Y=8 (X=6 for Commodore 64)
F. X=6 Y=8(X=14 ” ” ”)
F X= 1 1 Y=8 (X=22 ” ” ”)
F X=16Y=8(X=30 ” ” ”)

The main program to display these four letters is
shown in Figure 9.27. Line 1005 clears the screen. Line
1010 displays J at X= 1, Y=8. Line 1020 displays E at
X=6, Y=8. Note that since the value of Y has not
changed we need not specify its value again. Line 1030
displays F at X= 1 1 , Y=8, and line 1040 displays
another F at X= 16, Y=8. Line 1050 will prevent the
READY message from being displayed by looping on
itself endlessly until the STOP key is pressed.

Add the main program shown in Figure 9.27 to the
rest of the program, and type RUN. The result should
be as shown in Figure 9.28.

(a)

Figure 9.28 Result of executing program listed in
Figures 9.25, 9.18, 9.21, 9.24, 9.26, and 9.27: (a) VIC 20
(b) Commodore 64.

EXERCISE 9-2
Modify the name program to display the word PET as
shown in Figure 9.29. You will need to add sub¬
routines to display a P and a T. Hint: A P can easily be
made from an F. (PET was a Commodore computer
preceding the VIC 20 and Commodore 64.)
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Figure 9.29 Display this word in Exercise 9-2.

EXERCISE 9-3
Modify the name program so that it will display your
name, nickname, or another word containing four or
fewer letters.

EXERCISE 9-4
A baseball player hits a ball with an initial velocity V
(in feet per second) at an angle of A degrees to the
ground, as shown in Figure 9.30. The height H (in feet)
of the ball above the ground is given in terms of the
distance X (in feet) from home plate by the equation

Figure 9.30 Diagram for Exercise 9-4.

„ -16.1 X2 , vH ~ X tan AV2 cos A

Write a program that will (1) accept the values of V
and A typed from the keyboard (2) compute H for
one-foot increments in X until the ball hits the ground,
and (3) plot the trajectory of the ball on the screen.
Run the program for values of V = 40 feet per second
and A = 45 degrees.

Caution: The functions COS(A) and TAN(A) must
have A expressed in radians. Remember that 180° = tt

radians.
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MAKING BAR GRAPHS:
LEARNING ABOUT READ...DATA

You know two ways to assign a value to a memory cell
name. One is to use an assignment statement such as
A=3; the other is to use an INPUT statement such as
INPUT A. In the second case the value is entered
through the keyboard.

In this chapter you will learn another method of
assigning values to memory cell names. The values to
be assigned are stored in the program in DATA
statements. They are assigned to memory cell names
by using a READ statement. Another method of
entering data through the keyboard will be described
in Chapter 1 1.

In this chapter you will learn to:

1. use the READ, DATA, and RESTORE state¬
ments
2. make horizontal bar graphs
3. make vertical bar graphs containing multiple
bars
4. scale and label bar graphs.

THE READ, DATA,
AND RESTORE STATEMENTS

The DATA statement must be used in the deferred
mode. Although the READ and RESTORE state¬
ments are normally also used in the deferred mode, we
will illustrate their use by storing data in a DATA

statement (in the deferred mode) and then using the
READ and RESTORE statements in the immediate
mode.

Type in the statement 10 DATA 5,10 and then type:

READ A
?A
READ A
?A
READ A

as shown in Figure 10.1. The first time you type READ
A, the first data value in the DATA statement (5) is
stored in A. The second time you type READ A, the
second data value in the DATA statement (10) is
stored in A. The third time you type READ A an error
message, ?OUT OF DATA ERROR, is displayed,
because there are no more data values in the DATA
statement.

When a program is executed, a pointer points to the
first data value in the DATA statement. (Two or more
DATA statements in a program are treated as a single
long DATA statement.) As data values are “used up”
by being read in READ statements, the pointer moves
along to the next unused data value. If the pointer gets
to the end of the data values in the DATA statement,
and another READ statement is executed, then the
?OUT OF DATA ERROR message will be displayed.
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he DATA 5,18
READ A
READY.
PA

5
READY.
READ A
BEADY
?A
1«

READY.READ A
MT* »RORREADY.

Figure 10.1 The READ statement reads successive
values from a DATA statement.

The pointer can be reset at any time to the first
data value in the DATA statement by using the state¬
ment RESTORE. Also, more than one value can be
read with a single READ statement. In order to see
this, type in the following statements as shown in
Figure 10.2:

10 DATA 5, 10, 15, 20
READ A,B,C
? A,B,C
RESTORE
READ B,C
? A,B,C

Figure 10.2 The RESTORE statement moves the pointer
to the first data value in the DATA statement.

18
’EADY.

? A,B,C
5

5

15

18

Note that in this case the first READ statement stores
the values 5, 10, and 15 in A, B, and C, respectively.
The RESTORE statement then moves the pointer
back to the first data value (5). Therefore, the next
R EADstatement will store the values 5 and 10 in B and

C, respectively. Note that the value of A remains
unchanged and is still equal to 5.

Now add the second DATA statement 20 DATA
25,30,35. This will automatically restore the pointer to
the first data value (5) in line 10. Type the following
statements as shown in Figure 10.3:

READ A,B,C
? A,B,C
READ A,B,C
? A,B,C
READ A,B

READ A,8,C

READY.
18 15

READY.
READ A,8,C
READY.P A,B,CI 28 25 38
READY.READ A,8

pfSJyOF ERR0R

Figure 10.3 There must be data values for all variable
names in a READ statement.

DATA statements may occur anywhere in a
program. Two or more DATA statements are effec¬
tively combined into one long DATA statement in the
order in which they occur in the program. In the last
READ statement in Figure 10.3, there is no value for
B, and therefore the ?OUT OF DATA ERROR
message is displayed.

Strings can be included in a DATA statement. In
this case the corresponding variable name in the
READ statement must be a string variable. For
example, change the DATA statement in line 20 to 20
DATA ACE, “LOGO+” and then type

READ A,B,C,D,A$,B$
? A,B,C,D,A$,B$

as shown in Figure 10.4. Note that the string ACE in
the DATA statement does not have to be enclosed
between quotation marks. However, graphic char¬
acters and strings containing blanks, commas, and
colons must be enclosed between quotation marks.

Note also that the numerical variables A and B are
completely different memory cells from the string
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variables A$ and B$. The Commodore 64/ VIC 20 will
not get these mixed up.

The READ and DATA statements are particularly
useful when you have a list of data whose values do not
change in the program and which are read by the same
READ statement. Examples of using these statements
will be given in the following sections.

Figure 10.4 String variables can be used in a READ
statement to read strings in a DATA statement.

HORIZONTAL BAR GRAPHS

Bar graphsare very useful for providing a quick visual
picture of the relative sizes of various quantities. The
simplest kind of bar graph that you can draw on the
Commodore 64/ VIC 20 is a horizontal line whose
length is proportional to a particular quantity.

As an example, suppose you want to compare
graphically the four values 12, 21, 5, and 17. You can
plot four lines with lengths 12, 21, 5, and 17 using the
program shown in Figure 10.5.

Figure 10.5 Program to plot four lines of length 12, 21,
5, and 17.

In this program line 20 is a DATA statement that
contains the lengths of the four bars to be plotted. Line
30 defines the graphic character that will be used to
draw the lines and stores this character in the string
variable G$. Different types of bars can be plotted by
using different graphic characters. Lines 50-70 form a
FOR...NEXT loop that is executed once for each bar
to be plotted.

Within this loop, line 60 reads the next length from
the values given in the DATA statement and stores this
length in the memory cell L. A bar of length L is then
plotted using the subroutine in line 400. This sub¬
routine prints L copies of thegraphic symbol stored in
G$ to form the bar. The first PRINT statement at the
end of the line 400 causes the cursor to be moved to the
beginning of the next line. The second PRINT
statement causes a line to be skipped.

Note that the ENDstatement in line 90 is necessary
to prevent the program from executing line 400 again.
(This would produce the error message 7RETURN
WITHOUT GOSUB ERROR IN 400.)

The basic ideas shown in Figure 10.5 can be used to
produce useful bar graphs of real data,as illustrated in
the next section.

Population of the New England States

The populations of the six New England states are
shown in Table 10.1. The program given in Figure 10.5
has been modified as shown in Figure 10.6 to plot six
bars corresponding to the data in Table 10.1

TABLE 10.1 Population
of the New England
States
State
ME
NH
VT
MA
CT
RI

Population
1,124,660

920,610
511,456

5,737,037
3,107,576

947,154

Lines 100-150 are six DATA statements containing
the information in Table 10.1. Note that each DATA
statement contains a string (the name of the state)
and a numerical value (the state’s population). For each
pass through the FOR...NEXT loop (lines 50-80),
line 60 stores the next state name in S$ and its popu¬
lation in P.

Each graphic symbol defined in line 30 will
represent a certain number of people. In order to
determine how many people this should be, you must
choosea value that will insure that the longest bar will
fit on the screen. The state name plus a space will use
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Figure 10.6 Program to produce a bar graph of the
data in Table 10.1.

10 REM POPULATION BAR GRAPH
20 N=6
3A 11$—"%“
40 PRINT"□(Ml POPULATION OF"
45 PRINT " NEU ENGLAND STATES" : PRINT : PRINT
50 FOR J=1 TO N
60 READ ST..P
70 L=P/200000+.5 : GOSUB 400
80 NEXTJ
90 END
100 DATA
110 DATA
120 DATA
130 DATA
140 DATA
150 DATA

ME, 1124660
NH, 920610
VT,511456
MA, 5737037
CT,81075 76
RI,947154

400 PRINTS#;" ";;F0R 1=1 TO L' PRINT G$; : NEXT :PRINT PRINT : RETURN

READY.

three columns of a screen line. Therefore, the longest
possible bar is nineteen spaces long on the VIC 20 and
thirty-seven spaces long on the Commodore 64. The
highest population is that of Massachusetts,
5,737,037. Therefore, each graphic symbol must
represent more than 5,737,037/ 19 = 301949 people in
the case of the VIC 20 and more than 5,737,037 / 37 =
155055 in the case of the Commodore 64. We will
therefore choose each graphic symbol to represent a
population of 400,000 in the case of the VIC 20 and
200,000 in the case of the Commodore 64. The latter
value is used (in line 70) in Figure 10.6. VIC users
should change it to 400,000.

Given a population P, line 70 calculates the number
of graphic symbols to be plotted. This is the length of
the bar, L. In the equation

L= P/ 200000 + 0.5

(for the Commodore 64) the 0.5 will round to the
nearest 200,000 people, because the above equation is
equivalent to the equation

:
P + 100000

L 200000

Note that the number of symbols plotted by line 400 of
the subroutine will be equal to the integer part of L.
The analogous equation for the VIC 20 rounds to the
nearest 400,000 people.

The subroutine in line 400 has been modified to
print the state name, stored in S$, to the left of each
bar. Line 40 clears the screen, moves the cursor down
two lines, prints the title of the graph, and then skips
two lines. The result of running this program on the
Commodore 64 is shown in Figure 10.7.

POPULATION OF
NEW ENGLAND STATES

ME
nh
UT ®
MA
CT
RI

READY

Figure 10.7 Result of running the program shown in
Figure 10.6

Adding a Scale

Although the bar graph shown in Figure 10.7
illustrates the relative sizes of the six state populations,
it does not provide the actual values of these
populations. We can correct this by adding a scale to
the bottom of the graph.

Since each graphic symbol represents a population
of 400,000 in the case of the VIC 20, then five squares
represent two million people. A subroutine that prints
such a scale is shown in Figure 10.8a. In the case of the
Commodore 64, five squares represent only one
million people. A subroutine that prints such a scale is
shown in Figure 10.8b. The latter scale shows the
numbers 0,1 ,2,3,4,5,and 6 (millions) whereas the scale
for the VIC 20 shows only 0,2,4, and 6. These
subroutines are called in line 85 of the revised main
program. The main program for the Commodore 64 is
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shown in Figure 10.9. On the VIC 20, change the
200 000 in line 70 to 400 000. The result of executing
these new programs is shown in Figure 10.10.

Splitting the Difference

It is possible to make these population bar graphs a
little moreaccurate by using the left graphic symbol on
the — key to represent half of the symbol in G$, in this
case, 200,000 people on the VIC 20 and 100,000 people
on the Commodore 64. This key can then be used at
the end of a bar to make the length of the bar
proportional to the population to within the nearest
200,000 people on the VIC 20 and 100,000 people on
the Commodore 64. The relationship between the
previous program and the new one in the case of the
Commodore 64 is shown in Figure 10. 1 1.

In order to add this new feature, we will eliminate
the 0.5 in the equation on line 70 of the program in

Figure 10.8 Subroutine to display scale: (a) VIC 20 and
(b) Commodore 64.

600 REM ADD SCALE
610 PRINT " "JT'OR 1=1 TO 4 : PRINT" I
620 PRINT" " : FOR 1=0 TO 3 :PRINT2*I "
630 PRINT TAB<2); "MILLIONS OF PEOPLE"
640 RETURN

READ'?.

Figure 10.9. We will then plot a number of full squares
equal to the integer part of L. The fractional part of L
will determine whether to plot another full square, a
half-square, or no square at all, according to the
following scheme:

Fractional Part of L
less than 0.25
between 0.25 and 0.75
greater than 0.75

Plot
no square
half-square
full square

We can accomplish this by modifying the subroutine
that draws the bar, as shown in Figure 10.12. The
modified main program for the Commodore 64 is
shown in Figure 10.13. VIC 20 users should use
400,000 in line 70.

In Figure 10.12, line 410 plots L full squares (L is
calculated in line 70 in Figure 10.13). The fractional
part of L is calculated in line 420 in Figure 10.12. You
should convince yourself (try some examples) that this

: HEXT : PRINT
NEXT:PRINT:PRINT

<b> 600 REM ADD SCALE
610 PRINT " "j:POR 1=1 TO 7 : PRINT" 1 ";:NEXT :PRINT
620 PRINT" "1 :FOR I=0 TO 6 : PRINTI; " "; NEXT : PRINT :PR:INT
630 PRINT TAE(8); "MILLIONS OF PEOPLE"

READ?.

Figure 10.9 Revised main program that calls
subroutine to add a scale.
10 REM POPULATION ERR GRAPH
20 N=6
30 G$="&"
40 PRINT"Tim POPULATION OF"
45 PRINT " NEW ENGLAND STATES" : PRINT : PRINT
50 FOR J=1 TO N
60 READ S^P
70 L=P/200000+. 5 ; GOSUE 400
80 NEXTJ
85 GOSUE 600: REM ADD SCALE
90 END
100 DATA ME? 1124660
110 DATA HH, 920610
120 DATA VT, 511456
130 DATA MA. 5737037
140 DATA CT j 3107576
150 DATA RI,. 947154
400 PRIHTST : FOR I=1 TO L PRIN T GT i NEXT : PRINT : PRIHT : RE T URN

READ?.
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(a)

NEW

ME
NH ££££

NEW ENGLAND STATES

E

MILLIONS OF PEOPLE
READV

Figure 10.10 Result of running the program shown in
Figure 10.9: (a) VIC 20 and (b) Commodore 64.

equation works. If E is greater than 75 (corresponding
to a fractional part of L greater than 0.75), then an
extra full square is plotted by line 430. If E is greater
than 25 but less than 75, a half-square is plotted in line
440. Line 450 returns the cursor if appropriate,
skips a line, and returns from the subroutine.

Figure 10.12 Modified subroutine to draw a bar with a
half-square at the end of the bar.
400 REM DRAW EAR WITH HALF-SQUARE
410 PRINT S$;" ".-FOR 1=1 TO L:PRINT 0$.-NEXT
420 E=L*100-INT<L)*100
430 IF E>75 THEN PRINT "&".-G0T0 450
440 IF E>25 THEN PRINT "S".
450 PRINT : PRINT : RETURN

READ?.

The result of running this new program (for the
Commodore 64) in Figures 10.12 and 10.13 is shown in
Figure 10.14. If you compare this result carefully with
the bar graph in Figure 10.10, you will note that the
bars for all states now end with half-squares.

VERTICAL BAR GRAPHS

You can also draw vertical bars by using the “Move to
X,Y” subroutine. This subroutine is shown in Figure
10.15 (line 500), together with a subroutine that plots a
vertical bar from Y1 to Y2 (line 400). In line 410 if

Figure 10.13 The 0.5 has been dropped in the
calculation of L in Line 70.
10 REM POPULATION BAR GRAPH
20 N=6
30
40 PRINT"HMM POPULATION OF"
45 PRINT " NEW ENGLAND STATES" :PRINT :PRINT
50 FOR J=1 TO N
60 READ S$.P
70 L=P/200000 : GOSUB 400
80 NEXTJ
85 GOSUB 600:REM ADD SCALE
90 END
100 DATA
110 DATA
120 DATA
130 DATA
140 DATA
150 DATA

ME.1124660
NH.. 920610
VT.511456
MA. 5737037
CT.. 3107576
RI. 947154

READ?.

Figure 10.11 The accuracy of a bar can sometimes be
increased by adding a half-square at the end.

0 200000 400000 600000
Population | 1 1 1 1 1 । 1 1 1 1 j 1 1 r

Previous program
plots these # of
squares

II II I
1 square 2 squares 3 squares

New program
will plot these
# of squares
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Figure 10.14 Result of running program given in
Figures 10.12 and 10.13.

Y3 I, then the bar will be plotted from bottom to
top, and Y2 should be less than Yl. If Y3= 1 then the
bar will be plotted from top to bottom, and Y2 should
be greater than Y 1. The graphic character used to form
the bar is stored in the string variable B$ and is printed
in line 420.

Figure 10.15 Subroutine to plot a vertical bar from Y1
to Y2.

400 REM Ft.UT BAR FROM Y1 TO 'r'2
410 FOR Y=Y1 TO Y2 STEF Y3
420 G0SUIJ 50S : FRINT B$
430 HEXT V : RETURN
500 REM MOVE TO X,. Y OH SCREEN
510 PRINT "Sr.-IF Y-0 THEN 530
520 FOR 1=1 TO Y:PRINT : NEXT
530 PRINT TREGO.; : RETURN

READY.

In order to test this subroutine type in lines 400-530
shown in Figure 10.15. Then clear the screen and type
the following statements in the immediate mode:

Yl=15: Y2=5: Y=-l: X=15: B$=“LOGO+
GOSUB 400

The result should be as shown in Figure 10.16.

Plotting a Vertical Bar of Length V

We will now develop a general subroutine that will
plot a vertical bar with a length proportional to the
value V. The value of V can be either positive or
negative. For a negative value of V the bar should be
plotted in thedownward direction. In order to increase
the accuracy of the bar lengths, we will allow half¬

Fl«i5:Y2«5:Y3—1:X-15: V:MSW 4M

Figure 10.16 Test of subroutine shown in Figure 10.15.

squares to be plotted, as described in the section on
“splitting the difference.”

The half-square character that is used can be
different for positive and negative bars. For example,
if the bar is made with reverse video space (BS), then a
positive half-square would be provided by the graphic
symbol LOGO 1. T he negative half-square would be
the reverse video of this same symbol as shown in
Figure 10.17.

This subroutine will be used to plot the appropriate
bar, given the following values:

V=value to be plotted
BS-full-square graphic character

B2$= positive half-square graphic character
B3$= negative half-square graphic character

Figure 10.17 “Half-square” characters are different for
positive (B2$) and negative (B3$) bars.

•<— Reverse video LOGO I symbol — B3$

Figure 10.18 shows the ranges of values for which
various combinations of squares will be plotted. The
bottom of row 20 on the screen will define the “zero”
value of V. From Figure 10. 18 you see that a value of V
between 0.25 and 0.75 will result in a half-square
character being printed in row Y=20.

Similarly, a value of V between — 1.25 and —1.75
will result in a full square character B$ being printed in
row Y=21 and a half-square character B3$ being
printed in row Y— 22.
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Y=19

Y=20

Y=21

Y—22

Plot 2 squares B$+B$

Plot 1J squares B$+B2$

Plot 1 square B$

Plotisquare B2$

Plot no squares

Plot % square B3$

Plot 1 square B$

Plot squares B$+B3$

Plot 2 squares B$+B$

Figure 10.18 Screen layout for plotting vertical bar
with length proportional to the value V.

When plotting a bar, the subroutine shown in
Figure IO. 1 5 can be used to plot the portion of the bar
made up of the full-square B$ character. The end of the
bar can then be plotted with a full-square, half-square,
or no square, depending on the value of V, as shown in
Figure 10.18. An algorithm to plot this bar is given in
pseudocode in Figure 10.19. The case of V<0 will be
considered in a separate subroutine. If the integer part
of V, V I , is equal to zero, then the value of V is between
0 and I . In this case we simply want to plot the end of
the bar without plotting the B$ bar at all. Otherwise,
we will plot a B$ bar of length V I , followed by the end
of the bar.

The algorithm to plot the end of a positive bar is
given in pseudocode in Figure 10.20. The idea here is
the same as described in the “splitting the difference”
section above. The fractional part of V on a scale of
0-100 is given by E.

BASIC subroutines for implementing the algo¬
rithms in Figures 10.19 and IO.20 are given in Figure
10.21. Lines 800-870 implement the algorithm in
Figure 10.19, and lines 900-950 implement the algo¬
rithm in Figure 10.20. In line 830 the value of Y2 is set
equal to Y I + 1= 21 before calling the subroutine in line
900. In line 920 of this subroutine the cursor is moved

Figure 10.19 Algorithm to plot a bar of length
proportional to the value V.

Yl=20
VI=integer part of V
if V<0
then consider case of V<0
else if VI=0

then plot end of positive bar
else plot B$ bar of length VI

plot end of positive bar

Figure 10.20 Algorithm to plot the positive end of
the bar.
E=V*l00-VI*100
Move cursor to position above top of bar
if E>75
then print full square
else if E>25

then print half-square

to a value of Y= Y2— 1=20, which is the location to be
plotted if Vl=0. In line 840, Y2 is equated to 21— VI
and Y3 is equated to — 1. This will result in a B$ bar of
length VI being plotted from bottom to top by the
subroutine at line 400.

The algorithm for considering the case of V<0 is
given in Figure 10.22, and the algorithm to plot the
negative end of a bar is given in Figure 10.23.
Remember that V1= INT(V) will be equal to —1 for
values of V between 0 and — 1.

Figure 10.21 Subroutine to plot bar of length V (line
800) and subroutine to plot positive end of bar (line
900).

890 REM PLOT VALUE V USING B^E2$, B3$
810 VI=20^ VP-INTCV?
820 IF V<0 THEN GOSUE 1000 RETURN
830 IF VI=0 THEN V2=?l+1: GOSUE 900 : RETURN
840 V2=21-VI : V3=-l
850 GOSUE 400: REM PLOT E$ EHR
860 GOSUE; 900: REM PLOT + END OF EHR
870 RETURN
900 REM PLOT + END OF EHR
910 E=V*100-VI*100
920 V=V2~1: GOSUE 500
930 IF E>75 THEN PRINT B$:G0T0 950
940 IF E>25 THEN PRINT E2$
950 RETURN

READV.

Figure 10.22 Algorithm to consider case of V<0.

Y1=21
if Vl= -1
then plot end of negative bar
else plot B$ bar of length VI — 1

plot end of negative bar

Figure 10.23 Algorithm to plot negative end of bar.

E=|V*100| — |(VI+l)*100
Move cursor to position be ow bottom of bar
if E>75
then print full square
else if E>25

then print half-square
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BASIC subroutines for implementing these algo¬
rithms are given in Figure 10.24. Lines 1000-1060
implement the algorithm in Figure 10.22, and lines
1100-1150 implement the algorithm in Figure 10.23.

Figure 10.24 Subroutine to consider the case of V<0
(line 1000) and subroutine to plot negative end of bar
(line 1100).

1000 REM CASE OF V<0
1010 71=21
1020 IF VI=-l THEN 72-Yl-i = GOSUB 1106 RETURN
1030 V£=1S-VI : Y3=l
1040 GOSUB 400: REM PLOT B$ EHR
1050 G0SUE 1100:REM PLOT - END OF BHR
1060 RETURN
1100 REM PLOT - END OF BHR
1110 E=RES < V*100)-ABSC <VI+1)*100>
1120 Y=¥2+l : GOSUB 500
1130 IF E>75 THEN PRINT B^GOTO 1150
1140 IF E>25 THEN PRINT E3$
1150 RETURN

READY.
In order to test these subroutines, type in the

statements shown in Figures 10.21 and 10.24. Then
clear the screen and type the following two lines in the
immediate mode. You should obtain the result shown
in Figure 10.25.

B$=“RVS space OFF”: B2$=“LOGO I”:
B3$=“RVS LOGO I OFF”

V=+3.0: X=10: GOSUB 800

The line beginning with V=+3.0 is “live” on the
screen. This means that if you edit this line by changing
the values of V and X, then when you press RETURN
the new statement will be executed, and a new bar will
be plotted. Edit this line to plot the following bars:

V=+0.6: X=ll: GOSUB 800
V=—0.6: X=12: GOSUB 800

S":B2»«,W:B3t«,1Mr'

»=+3.8:X«18:GOSUB 888

READV.

Figure 10.25 Testing subroutines given in Figures 10.21
and 10.24.

V=+1.3: X=13: GOSUB 800
V=-1.3: X=14: GOSUB 800

You should obtain the bars shown in Figure 10.26.
Note that the last bar caused the top line to scroll off
the screen, fry some other values.

This technique of using the immediate mode of
execution to test subroutines is a good method,
because you can make lots of tests without disturbing
the program that you have stored in the computer.

We will now use these subroutines to plot a
“multiple” bar graph that will display multi-year
economic data.

Multiple Bar Graph for Economic Data

In this section we will develop a program to plot a
“multiple” bar graph of the economic data given in
Table 10.2.

For each year we will plot four bars, one for each
economic factor. Each of these four bars will use a

TABLE 10.2 Economic Data adapted from data on p. 67 of the
March 10, 1980 issue of TIME Magazine

1976 1977 1978 1979 1980
Inflation %
change
in C.P.I.

4.7 6.8 9.0 13.3 18.2 Jan. change
at compound
annual rate

Unemployment
% of
civilian labor
force

7.8 7.0 6.0 5.8 6.2 Jan.

Growth %
change in
real G.N.P.

4.8 5.8 4.9 0.8 1.7 Projected
1st Q.

Personal
income %
change
per capita

2.8 4.5 3.4 -0.8 -0.5 Projected
1st Q.
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REftOY|«-l.i:X>14:80SUa 888

Figure 10.26 Further tests of subroutine given in
Figures 10.21 and 10.24.

different color. The colors used are given in Table 10.3.
Note that only “personal income” has negative values.
The effect of using the same symbol for B$ and B2$ is
to round to the next higher whole number when the
fractional value exceeds 0.25.

TABLE 10.3 Colors Used in
Economy Bar Graph
Data Color
Inflation yellow
Unemployment green
Growth purple
Personal Income cyan

It is fairly easy to see that the twenty-two character
width of the VIC 20 screen will accommodate a
vertical bar graph for only four of the five years of data
giveninTable 10.2. However, if we develop a program
for creating a full bar graph on the Commodore 64, it

turns out only a few minor changes in the program can
create a very similar display on the VIC 20 with the
1980 data deleted. Therefore, we will direct attention
subsequently on the Commodore 64 program and then
modify it for the VIC 20 at the end.

The main program for plotting this bar graph on the
Commodore 64 is shown in Figure 10.27. Line 1 1
clears the screen. Line 15 defines the four color squares
given in Table 10.3. Line 16 defines the needed color
half-square graphic symbols. Lines 20-60 are DATA
statements containing the data given in Table 10.2.
Note that each DATA statement contains the data for
one year, starting with 1976.

The value of X is initialized to zero in line 65. This is
the column number in which the first bar will be
plotted. The FOR...NEXT loop in lines 70-90 is
executed five times (once for each year). Each time
through this loop, four bars are plotted, corre¬
sponding to the data for one year. This is done by a
subroutine that starts at line 200. Line 100 calls a
subroutine at line 600 that prints the heading and scale
for the graph. Line 150 branches on itself to prevent the
READY message from being displayed.

The subroutine to plot the next four bars of the
graph is shown in Figure 10.28. The READ statement
in line 210 reads the next four values of inflation,
unemployment, growth, and income, and stores these
values in the memory cells I, U, G, and M. The
inflation bar is plotted by lines 230-240, using the
subroutine shown at line 800 of Figure 10.21. Note
that the value of V has been assigned the inflation
value I, B$ has been assigned the inflation full¬
character 11$, and B2$ has been assigned the inflation
half-character 12$. Line 250 increments the column
number by one so that the next bar will be plotted in
the adjacent column. 1.ines 260-270 plot the unemploy¬
ment bar. Lines 280-300 move to the next column and
plot the growth bar. Lines 310-330 plot the income bar
in the next column. Note that B3$ had to be defined in

Figure 10.27 Main program for plotting economy bar
graph on the Commodore 64.

10 REM THE EluHUHt
11 PRINT"IT
15 ii$="nia »" Tii$="kisi sr
16 12$=" IHm" : U2$="iiM" G2$="»■" : 1'12$="km" ; MS*-"kM"
20 DATA 4.7,7.8;4.8,2.8
30 DR1 A Ei > 8 7 5 > 8;4.b
40 DATA 9 6 4.9 > 3. 4
50 DR FA 13.3^5.3 ? 0.8 ~. 8
60 DATA 18.2..6.2/ 1.7.-.5
65 X=0
70 FOR J=1 TO 5
80 GOSUB 200 : REM PLOT 4 BRRS
90 NEXTJ
100 GOSUE 600:REH PRINT HEADING & SCALE
150 GOTO 150

READV.
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line 320, because some of the income data is negative.
Line 340 increases the column number X by 5. This
will leave a four-column space between each group of
four bars.

Figure 10.28 Subroutine to plot the next four bars on
the graph.
200 REM PLOT NEXT 4 BARS
210 READ I,U,G,M
230 7=1:B#=I1$:E2$=I2$
240 GOSUB 800 :REM PLOT TOTAL EHR
250 X=X+1
260 Y=U:B#=U1$ : B2#=U2#
270 GOSUB 800
280 X=X+1
290 V=G = B$=G1$:B2$=G2$
300 GOSUB 800
310 X=X+1
320 V=M : Bf=Ml$ : B2$=M2$ :B3$=M3$
330 GOSUB 800
340 X-X+5
350 RETURN

modules you can more easily keep track of what is
going on. This will also make it easier for you to
modify this program to suit your own needs.

To modify the program for use on the VIC 20, it is
necessary to drop four bars representing one year of
data. We chose to drop the data for 1980. In this case,
line 60 of the program containing the data for 1980
becomes unnecessary. In line 70, we change 5 to 4so as
to plot only four groups of bars. By changing 5 to 2 in
line 340, we reduce the spacing between groups of four
bars to a single column. To reduce the spacing the
same for the titles under the bars, we change line 620 to
read: 620 PRINT‘T976 1977 1978 1979”; . The final
semicolon is necessary to prevent an undesired
scrolling of the screen. Finally, by changing X=36 to
X= 18 in line 690, we move the scale over to touch the
final group of vertical bars. In Figure 10.31, we show
the resulting bar graph of economic data produced by
the VIC 20.

READ?.

The subroutine to display the years at the bottom of
the graph, a heading in the upper left corner, and a
scale along the right side is shown in Figure 10.29.
Lines 610-620 print the five years under the appro¬
priate bar graphs. Lines 630-680 print the title of the
graph and the legend to explain the four graphic
symbols. Lines 690-730 print the scale along the right
side of the graph.

The entire program for the Commodore 64 to
plot the economy bar graph is given by the statements
in Figures 10.27, 10.28, 10.15, 10.29, 10.21, and
10.24. The result of running this program is shown in
Figure 10.30.

Although this program is relatively long, you can
see that by breaking the program into functional

THE ECOHOHV
IMFLftTIOM
UMEMPLOYMEWT

11976 1977 1978
I

1988

Figure 10.30 Bar graph of economic data given in
Table 10.2 on the Commodore 64.

Figure 10.29 Subroutine to display heading and scale.
600 REM DISPLAY YEARS, HEADING, AND SCALE
610 X=0 : 7=22 : GOSUB 500
620 PRINT "1976 1977 1978 1979 1980"
630 PRINT"SII»ITHE ECONOMY"
640 PRINT
650 PRINT 11#,' 11$,"k INFLATION"
660 PRINT Ul^Ul#; "k UNEMPLOYMENT"
670 PRINT GUiGl#; GROWTH IN GNP"
680 PRINT Ml$;Ml#;"k PERSONAL INCOME"
690 X=36 :7=1: GOSUB 500:PRINT" X "I
700 7=5 : GOSUB 500 : PRINT" _15",
710 7=10:GOSUB 500:PRINT"_10";
720 7=15 '• GOSUB 500:PRINT" 5";
730 7=20 : GOSUB 500:PRINT" __0"
740 RETURN

READY.
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THE ECONOMY

Figure 10.31 Bar graph of economic data given in
Table 10.2 on the VIC 20.

EXERCISE lO-l
The following table shows the amount of gasoline
required to fill the gas tank of a certain station wagon:

Speedometer Reading Cations to Fill Tank
93769.3 15.5
94034.6 15.2
94249.1 14.8
94376.6 9.0
94558.0 10.5
94778.2 12.8
95037.0 14.9
95258.0 14.7
95499.3 15.3
95732.7 20.3
95941.2 15.0

Write and run a program that will:

a. store this data in DATA statements,
b. compute the gas mileage in miles per gallon for
each fill-up, and plot the results as a bar graph,
c. compute and print out the average miles per
gallon for all fill-ups shown in the table.

EXERCISE 10-2
Each entry in the following table gives a nation, its
population, and its area (in square miles):

Nation Population Area
Australia 14,620,000 2,965,368
Canada 23,940,000 3,851,809
China 1,027,000,000 3,691,502
India 667,326,000 1,178,995
Japan 116,780,000 143,689
Soviet Union 266,670,000 8,649,489
United Kingdom 56,235,500 94,500
United States 226,504,825 3,615,122

Write and run a program that will:

a. store this data in DATA statements,
b. compute the population density for each nation
in people per square mile, and
c. plot the results as a bar graph.
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LEARNING TO GET WHAT YOU WANT:
AN ALTERNATIVE TO INPUT

The only method you now know for entering data
from the keyboard is to use the INPUT statement. One
potential disadvantage of using the INPUT statement
is that the data is not accepted by the Commodore
64/ VIC 20 until you press the RETURN key.
Sometimes you would like the Commodore64/ VIC 20
to accept a single character from the keyboard assoon
as its key is pressed. The GET statement will do this.
This statement is particularly useful for interactive
games or other programs in which you need an
immediate response to the pressing of a key.

In this chapter you will learn how to:

1. use the GET statement
2. write a program that will allow you to draw
sketches interactively on the screen
3. write a program that will allow you to move a
fighter plane around the screen and fire phasers
from the plane’s wings.

THE GET STATEMENT

The GET statement is used to store a single character
typed on the keyboard in a string variable such as AS.
The form of the GET statement is GET A$ where AS
can be any string variable. In order to understand how
the GET statement works you need to know what
happens when you press a key.

Ten memory locations in the computer’s RAM
(read-write memory) have been set aside to form a
keyboard input buffer. This buffer temporarily stores
each character that you type. When you press a key,
the corresponding character (actually a numerical
code representing the character) is stored in the first
memory location of the keyboard buffer. If a BASIC
program then encounters the statement GET AS the
character stored in the keyboard buffer (corre¬
sponding to the key you pressed) will be moved into
memory cell A$. If the statement is executed without a
key being pressed, the buffer is empty, and the string
variable AS is assigned to the null string given by

Because the Commodore 64/ VIC 20 will not know
when you are going to press a key, and therefore when
to execute a GET statement, you must program a
special loop whenever you want to GET a character
from the keyboard. This loop can be written as
follows:
10 GET AS: IF A$=“” THEN 10

In this statement, when GET AS is executed, the next
character in the keyboard buffer is stored in A$. If the
keyboard buffer is empty (that is, if you have not
pressed a key), then AS will be assigned the null string

If this is the case, line 10 will just branch to itself
and execute the GET statement again. This loop will
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continue until you press a key which will store a
character in the keyboard buffer. At this point the
statement following line 10 will be executed.

In order to test the GET statement type in line 10
above followed by the line 20 ? AS;: GOTO 10. If you
run this two-line program, the Commodore 64/ VIC 20
should print on the screen any character that you type,
as shown in Figure 11.1.

Run this program and try lots of keys. Note that
you can print any character, including the graphic
symbols. Also note that the RETURN, reverse video,
color, and cursor keys work in the normal way.

In the program shown in Figure 11.1, each
character you type is stored in the first location of the
keyboard buffer. This is because the program is
executed so rapidly that as soon as you press a key, the
GET statement is immediately executed again and will
read the character and therefore empty the buffer.
Only if you can type in more than onecharacter before
the GET statement is executed a second time will these
additional characters be stored in the keyboard buffer.
You will have an opportunity to observe this effect in
the plane program later in this chapter.

DRAWING PICTURES INTERACTIVELY

In order to draw a picture interactively, we will write a
program that will causea graphicsymbol to be moved
left, right, up, or down by typing A, D, W, and X,
respectively, as shown in Figure 11.2.

A program to accomplish this is shown in Figure
11.3. Lines 500-530 contain the “Move to X,Y”
subroutine described in Chapter 9. Line 5 clears the
screen. Lines 10-20 move the cursor to location X=10,
Y=10 and print the graphic character LOGO+. Line
30 is the GET loop just described. This statement will
loop on itself until a key is pressed. When a key is
pressed, lines 40-70check to see if the key was an A, D,
W, or X. If it was A, the value of X is decremented by
one, and the program branches to line 20, which will
move the cursor one space left and print a new graphic
character. Line 30 will then wait for another key to be
pressed. Note that moving left corresponds to decre¬
menting X, and moving right corresponds to incre¬
menting X. Moving up corresponds to decrementing Y
while moving down corresponds to incrementing Y. If
the key pressed is not A, D, W, or X, then line 95 will

Figure 11.1 This program GETs a character from the
keyboard buffer and displays it at the next screen
location.
18 GET A$: IF A$="" THEN 1028 ? fi$; GOTO 10
RUN
THIS PROGRAM MILL PRINT ANY CHARACTERTHAT YOU TYPE. NOTE THAT PRINTING THERETURN KEY CAUSES THE CURSOR TO MOUE TOTHE BEGINNING OF THE NEXT LINE; THECURSOR IS INVISIBLE BECAUSE HE ARE ONLYEXECUTING THE PROGRAM SH0HN ABOVE, AMDME DID NOT PROGRAM IN A CURSOR!
TO STOP THE PROGRAM, JUST PRESS THESTOP KEY LIKE THIS:
BREAK IN IO
READY.'
I

Figure 11.3 Program for drawing pictures interactively
on the screen.
2 REM INTERACTIVE DRAWING
5 PRINT"!"
10
20 GO'olJB 500;PRINT
30 GET A$:IF A$="" THEN 30
40 IF A$="A" THEN X=X-l:G0T0 20
50 IF A$="D" THEN X=X+l:G0T0 20
60 IF A$="W" THEN Y=Y-1:GOTO 20
70 IF THEN Y=Y+1: GOTO 20
95 GOTO 30
500 REM MOVE TO X,?
510 PRINT"®";: IF Y=0 THEN 530
520 FOR 1=1 TO V:PRINT: NEXT
530 PRINT TAE(X); ;RETURN

READ?.

Figure 11.2 Move graphic symbol left, right, up, or
down using keys A, D, W, and X.

Key 8 9

Key 4 6

3
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Figure 11.4 Sample run of program shown in Figure
11.3.

branch back to line 30 and wait for another key to be
pressed.

Type in this program and run it. A sample run is
shown in Figure 1 1.4.

Making Diagonal Lines

As an exercise you should try to modify the program
shown in Figure 1 1.3 to make it draw diagonal lines
using keys Z, C, Q, and E, as shown in Figure 11.5.

Figure 11.6 Modification of program shown in Figure
11.3 to allow drawing of diagonal lines.
2 REM INTERACTIVE DRAWING
5 PRINT":’]"
10 X=10: V=10:B$="^"
20 GOSUB 500:PRINT B£
30 GET A$:IF A$=""
40 IF A$="A" THEN
50 IF H^="D" THEN
60 IF A$="H" THEN
70 IF Ai="X" THEN
80 IF A$="Z" THEN
90 IF Af="C" THEN

THEN 30
X»X-l:G0T0 20
X=X+1:GOTO 20
V=V-1 : GOTO 20
yssY+ j '■ GUT(j
X=X-T : V=V+1:G0T0 20
X=X+1 : V=V+1 : GOTO 20

100 IF A$="G!" THEN X=X-1 : V=V-1:GOTO 20
110 IF A$="E" THEN X=X+1: V=V~1: GOTO 20
190 GOTO 30
500 REM MOVE TO XA
510 PRINT "S3"; : IF V=0 THEN 530
520 FOR 1=1 TO SPRINT:NEXT
530 PRINT TAB(X); :RETURN

READV.

The listing of a program that will allow drawing of
diagonal lines is shown in Figure 1 1.6. Lines 80-110
have been added to check for the pressing of keys Z, C,
Q, or E. For example, if key Z is pressed, you want to
move the cursor left 1 and down 1. This is accom¬
plished by decrementing X by 1 (X=X— 1) and
incrementing Y by 1 (Y=Y+ 1) as shown in line 80. By
branching to line 20 the cursor is moved to this new

Figure 11.5 Move graphic symbol diagonally using
keys Z, C, Q, and E.
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Figure 11.7 Sample run of program shown in Figure
11.6.

location, and a new graphic symbol is plotted. Note
that line 95 in Figure 1 1.3 had to be deleted and a
new GOTO 30 statement was added as line 190 in
Figure 1 1.6.

A sample run of the program given in Figure 1 1 .6 is
shown in Figure 11.7.

Watching the Edge of the Screen

When you run the program shown in Figure 1 1 .6, you
will find that if you draw the picture off the left edge of
the screen, you will obtain the error message shown in
Figure 1 1.8. Each time you move the cursor left, you
subtract one from X. The value of X will be zero at the
left edge of the screen. If you try to move one more
position to the left, the value of X will become — 1 . But
the argument X in TAB(X) in line 530 must be in the
range 0-255. Therefore, when you make X=— 1, you
obtain the error message 7ILLEGAL QUANTITY
ERROR IN 530.

Figure 11.8 Error message produced because X
became negative in TAB(X).

^ILLEGAL QUANTITY ERROR IN 538READY.

Other strange phenomena will occur if you go off
the top, bottom, or right edge of the screen. You
should try this. In order to prevent these phenomena
from occurring, you can modify the “Move to X,Y”
subroutine by adding lines 502-508 shown in Figure
1 1.9. Figure 11.9(a) shows the modification for the
VIC 20 and Figure 11.9(b) shows it for the Commo¬
dore 64. Line 502 will replace any negative value of Y
with the value of zero. This will prevent the picture
from trying to go off the top of the screen. Line 506 will
do the same for the value of X. This will prevent the
error message shown in Figure 1 1 .8 from occurring.
Line 504 will keep the picture from scrolling when you
try to move it off the bottom of the screen. Line 508 in
Figure 1 1 .9(a) restricts the picture to a maximum of 21
columns, appropriate for the VIC 20. Line 508 in
Figure 1 1 .9(b) restricts the picture to a maximum of 39
columns, appropriate for the Commodore 64. (Chang¬
ing the maximum number of columns to 22 on the VIC
20 or 40 on the Commodore 64 will cause the picture to
scroll when the cursor is at the bottom right position of
the screen.)

Figure 11.9 Modification (lines 502-508) of program
shown in Figure 11.3 to keep picture on the screen,
(a) VIC 20, (b) Commodore 64.
2 REM IHTERHC FIVE BREWING (a)
5 PRINT"?]"
10
20 G08UE 500 :PRINT ET
30 GET Rf:IF A$="" THEN 30
40 IF A$-"A" THEN X=X-1:GOTO 20
50 IF A$="D" THEN X=X+1 GO i 0 20
60 IF H$="U" THEN Y®?”! : GOTO 20
70 IF A$="X" THEN 't^Y+I :GOTO 20
80 IF A$="Z" THEN X=X-1 : : GOTO 20
90 IF A$="C" THEN X=X+1 : T-TH : GOTO 20
100 IF A$="Q" THEN X=X-1: Y=Y-1: GOTO 20
110 IF H$=”E" THEN X=X+1 : Y=V-1 GOTO 20
190 GOTO 30
300 REM MOVE TO X,Y
502 IF ¥<0 THEN Y=0
504 IF Y>21 THEN ¥=21
506 IF X<0 THEN X=0
508 IF 1020 THEN X=20
510 PRINT"S8"; IF Y=0 THEN 530
520 FOR 1=1 TO Y: PRINT: NEXT
530 PRINT TAB(X> J :RETURN

REHDY.
2 REM INTERACTIVE DRAWING
5 PRINT "71"
10 X=10W=10
20 GOSUE 500:PRINT E$
30 GET FtUlF Hf="" THEN 30
40 IF H$="H" THEM X-X-r-G0T0 20
50 IF A$="D" THEN X=X+1 : GOTO 20
60 IF THEN ¥=¥-1 UOTO 20
70 IF R$="X" THEN ¥=Y+l:G0T0 20
80 IF HiF="Z" THEN X=X-I: ¥=¥+1: GOTO 20
90 IF R$="C" THEN X=X+1 ¥=¥M : GOTO 20
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(b) 100 IF R$“"Q" THEN X=X-1 : Y«Y-1: GOTO 20
110 IF R$="E" THEN X=X+1 = Y=Y-1: GOTO 20
130 GOTO 30
500 REM MOVE TO X,7
502 IF Y<0 THEN 7=0
504 IF 7>23 THEN 7=2:3
506 IF X<0 THEN X=0
503 IF X>38 THEN X-38
510 PRINT"M"j MF 7=0 THEM 530
520 FOE 1=1 TO 7 : PRINT : NEXT
530 PRINT TRB<X); : RETURN

READ?.

A sample run of the program given in Figure 1 1 .9 is
shown in Figure 1 1.10. Note that the picture is never
allowed to go off the screen. You should add lines
501-508 to your program and try drawing pictures
near the edge of the screen.

Figure 11.10 The program shown in Figure 11.9 will
keep the picture on the screen.

Making a Blinking Cursor

One disadvantage of the program given in Figure 1 1 .9
is that if you backtrack along a line you have already
drawn, you cannot easily tell where you are. This
deficiency can be corrected by adding a blinking
cursor to the program. This can be done by substi¬
tuting for line 30 the following three lines:

25 FOR 1=1 TO 50: NEXT
30 GET AS: IF A$O“”THEN 40
35 GOSUB 500: PRINT “ ”: FOR 1= 1 TO 50: NEXT:

GOTO 20

The resulting main program is shown in Figure 11.11.
Note that in line 30 AS is again compared to the null

string and the program will branch to line 40 if AS
is not equal to the null string (that is, if a key has been
pressed). If a key has not been pressed, then line 35 will

be executed. This line first determines where the cursor
is (using GOSUB 500) and then prints a blank at that
position. The FOR...NEXT loop FOR 1=1 TO 50:
NEXT is used as a delay. That is, it uses up the amount
of time needed to go through this loop fifty times. If
you want a longer delay time (corresponding to a
slower blinking cursor), change the 50 to a larger
number. For a shorter delay, change the 50 to a smaller
number. After this delay, during which a blank is being
displayed at the cursor position, the program branches
to line 20, where the graphic symbol B$ is again
displayed at the cursor position. Line 25 is another
delay loop which is used to keep the symbol B$
displayed for a short time. Line 30 then GETs another
value for A$ and, if a key has not been pressed, line 35
will display another blank at the cursor position. This
loop (lines 20-35) will produce the effect of a blinking
cursor.

Figure 11.11 Lines 20-35 produce a blinking cursor.

2 REM INTERACTIVE DRAWING
5 PRINT"^"
10 X=10 : Y=l@ :
20 G03UE 500 : PRINT E$
25 FDR 1=1 TO 50 ; NEX i
30 GET R$= IF R$O" " THEN 40
35 GOSUB 500:PRINT" "TOR 1=1 TO 50 : NEXT : GOTO 20
40 IF H$="R" THEN X=X-l:G0T0 20
50 IF A$="D" THEN X=X+l:G0T0 20
60 IF R$=”W" THEN 7=7-1 ; GOTCi 20
70 IF R$="X" THEN '7=7+1 : GOTO 20
80 IF R$="Z‘‘ I HEN X=X~1 : 7=7+1 : OUTU 20
38 IF R$="C" THEN X=X+1 : 7=7+1 ; GOTO 20
100 IF H$="Q" THEN X=X-1 : 7=7-1 : GOTO 20
110 IF A$="E" THEN X=X+1 : 7=7-1: GOTO 20
130 GOTO 30

REHD7.
Make this change and run the modified program.

You may be able to observe that the cursor blinks a
little faster at the top of the screen than at the bottom
of the screen. This is because the time spent in the
subroutine “Move to X,Y” (line 500) depends on the
value of Y. Larger values of Y, corresponding to the
lower part of the screen, will cause a longer time to be
spent in subroutine 500 when it is called in lines 20 and
35. Thus, the statement GOSUB 500 is like a delay that
depends on the value of Y. By adding the fixed delay
given by FOR 1=1 TO 50: NEXT the dependence of
the blinking rate on the screen position can be
minimized. It will be exaggerated if you change the 50
in the FOR...NEXT delay loop to a smaller number.
(Try changing it to 1.) If you change the 50 in the
FOR...NEXT loops in lines 25 and 35 to 99, the
blinking rate will be reduced and there should be less
of a difference in the rate between the top and bottom
of the screen. T ry it.
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Changing a Graphic Symbol

More varied pictures could be drawn if you could
interactively change the graphic symbol that is printed
in the program in Figure 11.11. Suppose, for example,
that when you press the key G (for graphic symbol),
the cursor stops blinking and the next key you press
will be the newgraphicsymbol. This modification can
be added to the program in Figure 11.11 by deleting
line 190 and adding the following four lines:

120 IF ASO“G” THEN 30
130 GET AS: IF A$=“” THEN 130
136 B$=A$
138 GOTO 20

The revised main program listing is shown in Figure
11.12. Line 120 checks to see if the key pressed was G.
If it was not G, the program branches back to line 30
and waits for another key to be pressed. If it wasG, line
130 will be executed. This is just the standard GET
loop that waits for a key to be pressed. The next key
pressed will be the new graphic symbol. It is assigned
to B$ in line 136. The program then branches back to
line 20 and displays this new symbol.

Make these changes and run this new program. A
sample run is shown in Figure 1 1 .13. You may notice
in running this program that the reverse video key
appears not to work. That is, you cannot change B$ to
a reverse video character. This is because pressing the
RVS key after pressing G will assign RVS to A$ and
therefore to B$ in line 136. The reverse video will then
be turned on when B$ is next printed in line 20.
However, the reverse video is turned off by a carriage
return. Thus, since the PRINT statement in line 20

does not end with a semicolon, the execution of this
PRINT statement will immediately turn off the reverse
video. Even if this PRINT statement ended with a
semicolon, the reverse video would be turned off by all
of the PRINT statements in subroutine 500.

Figure 11.13 Sample run of program shown in Figure
11.12 illustrating changed graphic symbols.

In order to add the reverse video capability to the
program in Figure 1 1.12, it is necessary to turn on (and
off) the reverse video each time B$ is printed by line 20.
This can be done by adding the following lines:

20 GOSUB 500: IF RV=0 THEN PRINT
B$:GOTO 25

21 PRINT “RVS” + BS + “OFF”
132 IF AS = “RVS” THEN RV=1:GOTO 138
134 IF AS = “OFF” THEN RV=0:GOTO 138

Figure 11.12 Lines 120-140 will change the graphic
symbol if key G is pressed.
2 REM INTERACTIVE DRAWING
5 PRINT"^"
10 X®10 • ¥s10 •

20 GOSUB 500 :PRINT ET
25 FOR 1=1 TO 50:NEXT
30
3^
40
50
60
70
«0
90

GET R$:IF R$O"" THEN 40
GOSUB 500:PRINT" "TOR 1=1 TO 50 NEXT :GOTO 20
IF R$="R" THEN
IF R$="D" THEN
IF R$="W" THEN
IF R$="X" THEN
IF A$="Z" THEN
IF R$="C" THEN

XaX-l:GOTO 20
X=X+1:GOTO 20
¥=¥-1 ; GOTO 20
¥=¥+!; GOTO 20
X=X~1: ¥=¥+1: GOTO 20
X=X+1 ; ¥=¥+1: GOTO 20

100 IF R$=,,Q" THEN X=X-1:¥=¥-1 GOTO 20
110 IF R$="E" THEN X=X+1: ¥=¥-l : GOTO 20
120 IF R$O"G" THEN 30
130 GET Rf-IF H$="" THEN 130
136 B$=R$
138 GOTO 20

READY.
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Figure 11.14 Lines 10-21 and 132-138 will allow the
graphic symbol to be changed to a reverse video
character.

2 REN INTERACTIVE DRHHING
5 PRINT"
19 X=10: V=10:BT="ir
20 GOSUE 500= IF RV=0 THEN PRINT E$ : GOTO 23
21 PRINT "a"+E$+"B"
25 FOR 1=1 TO 50 : NEX I
38 GET A$:IF R$O"" THEN 40
35 GOSUE 500- PRINT" " : FOR 1=1 TO 50 : HEXT : GOTO 20
40 IF R$="R" THEN X=X-i:GOTO 20
50 IF A$="D" THEN X=X+l:GuTO 20
60 IF A$="I4" THEN ?=?-! : GOTO 20
70 IF Af=“X" THEN ?=?+!: GOTO 20
80 IF fi$="Z" THEN X=X-1 : Y=Y+1 : GOTO 20
90 IF R$="C" THEN X=X+1 : V=V+1;GOTO 28
100 IF R$="Q" THEN X»X-1 : Y=Y~1 : GOTO 20
110 IF R$="E" THEN X=X+1:¥=?-!:GOTO 20
120 IF A$C>"G" THEN 30
130 GET AT- IF R$="" THEN 130
132 IF A$="a" THEN RY=1:GOTO 138
134 IF THEN RV=0 ; GOTO 138
136 B$=R$
138 GOTO 20

READY.

The resulting program is shown in Figure 11.14. If the
key pressed after pressing G is the RVS key, line 132
will set the reverse video flag RV to 1. If the key
pressed after pressing G is the OFF key, line 134 will
set the flag R V to 0. Anytime a new graphic symbol is
typed after pressing G, line 136 will change B$ to the
symbol AS entered. Now, in line 20, after setting the
cursor, a check is made as to whether the reverse video
flag RV is 0 or 1 . If it is 0, B$ is printed as usual. If R V
is 1 then “RVS”+ B$ + “OFF” is printed by 21. Thus,
the character printed is reverse video.

Figure 11.15 Sample run of program shown in Figure
11.14 illustrating changed reverse video graphic
symbols.

Make the changes shown in Figure 1 1. 14 and run
the new program. A sample run is shown in Figure
1 1.15.

FIGHTER PLANE WITH PHASERS

In the interactive drawing program just described, all
plotted points remain on the screen. Sometimes it is
desirable to move a point (or points) around the
screen. In this case old points must be erased as new
points are plotted.

As an example of doing this, suppose you want to
draw the plane shown in Figure 1 1.16 and then move it
around the screen using the A, D, W, and X keys. To
do this you will need to be able to draw the plane at any
location X,Y and also be able to erase the plane at any

Figure 11.16 Geometry of plane to be drawn on
screen.

x

X-2 X+2
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location. Subroutines for doing this are shown in
Figure 11.17a.

The subroutines in Figures 11.17b and 11.17c are
our usual “Move to X,Y” subroutines with the screen
limits changed to keep the wings and tail from going
off the screen. Line 110 in Figure 11.17a draws the
plane at X,Y and line 160 erases the plane at X,Y. In
order to test these subroutines, type in the statements
shown in Figure 11.17, and then clear the screen and
type these statements in the immediate mode: X=15
(10 on the VIC 20): Y=5: GOSUB 100.

You should obtain the result shown in Figure 11.18.
In order to test the erasingsubroutine, move the cursor
to the top of the screen and edit the statements in
Figure 1 1.18 by changing GOSUB 100 to GOSUB 150.
When you press RETURN the plane should disap¬
pear. Try it.

Main Program with Stubs

The next step is to write a main program that will move
the plane left, right, up, and down when you press keys
A, D, W, and X, respectively. In addition, we want to
fire a phaser from the left wing when key L is pressed
and from the right wing when key R is pressed. Even

Figure 11.18 Testing subroutine to draw plane.

though we have not learned how to do this yet, we can
write the complete main program as shown in Figure
I Ll9. Line 10 clears the screen and sets the initial
plane location. Line 20 draws the plane at this initial
X,Y location. Line 30 is the standard GET loop that
waits fora key to be pressed. Lines 40-70 check to see if
the key pressed is a A, D, W, or X. If it is any of these
keys, the plane is erased and then redrawn at the
appropriate new position.

Figure 11.17 (a) Subroutines to draw and erase the
plane, (b) “Move to X,Y" subroutine for the VIC 20.
(c) “Move to X,Y" subroutine for the Commodore 64.

(a) 100 REM DRFiH PL.F1HE
110 GOSUB 600 : PRINT ":®Mai»lfm:^
158 REM ERASE PLAME
16S GOSUB 600:PRINT" MMi MHHU Mill

RETURN

FIETURN

READY.
(b) 600 REM ilOVEi TO XA'

602 IF SCe THEN Y==0
604 IF SO18 THEN Y=18
6106 IF >22 THEN 16=2
60S IF X>18 THEN 1018
610 PRINT " ; IF V=0 THEN 630
620 FOR 1=1 TO ’r' : PRINT ; HENT
630 PRINT THE < OO ; RETURN

READ?.

(c) 600 REM MOl'E TO X,V
602 IF YO3 THEN T=0
604 IF 1020 THEN '8=20
606 IF >02 THEN X=2
60S IF >006 THEN >006
610 PRINT 1' 41" OIF 'r1=0 THEN 63O
620 F0R 1=1 TO Y : PRIHT : NEXT
630 PRINT TABOO.: : RETURN

READY.
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Lines 80-90 check to see if the key pressed is an L or
an R. If it is an L then the program branches to the
subroutine at line 200; if it is an R then the program
branches to the subroutine at line 300. When they are
written, these subroutines will fire the phasers. For
now, just type

200 RETURN
300 RETURN
These are called stubs, and we will add phaser-firing
subroutines here later. You know that you want to call
these subroutines when you press keys L and R.
Therefore, you can complete the main program as
shown in Figure 11.19 without having written the
phaser-firing subroutines at lines 200 and 300. Of
course, if you run the program and press key L (or R)
nothing will happen, because the program will
immediately RETURN and then go back to line 30.
However, keys A, D, W, and X should behave
properly. Type in the main program shown in Figure
11.19 and run it. Does it behave as you expected?

Phaser Subroutines

Now that the main program is working, you can
concentrate on writing the phaser subroutines. There
are many different ways to make phasers. One
possibility is shown in Figure 11.20. Lines 200-250 fire
the left phaser. Lines 300-350 fire the right phaser. The
subroutine in lines 400-440 erases either phaser.

Lines 500-530 contain yet another copy of the
“Move to” subroutine. However, this time we make it
“Move to U,V”. We can’t use the existing “Move to
X,Y”subroutine because ( 1 ) using it to fire phasers will
require us to alter X and Y from the plane coordinates
and (2) the existing subroutine contains statements in
lines 602-608 that won’t allow X and Y to reach the
edges of the screen. In the case of the phasers, we have
to be able to fire phasers right up to the edges of the

screen. Hence, we introduce U and V as new coor¬
dinate variables for that purpose and a new copy of
the “Move to” subroutine just for them.

The FOR...NEXT loop in lines 220-240 plots a
string of dots from the tip of the left wing to the top of
the screen. Line 250 then erases this string (using the
subroutine at line 400). This is one phaser firing. The
program then RETURNS to the main program (in line
80) and checks for another key-pressing. The loop in
lines 320-340 plots a similar string of circles from the
tip of the right wing to the top of the screen, and line
350 erases this string. The strings of dots and circles are
erased by plotting a string of blanks over them, using
the loop in lines 410-430.

Add the subroutines shown in Figure 11.20 to the
rest of the program (given in Figures 11.19 and 11.17),
and run the program. Pressing keys L and R should
produce the phasers shown in Figure 11.21.

Figure 11.20 Subroutines for firing phasers.
200 REM FIRE LEFT PHASER
216 U=X~2
220 FOR V=¥ TO 0 STEP -1
230 GOSUB 500= PRINT"®"
243 NEXT
250 GUSUB 400 : RETURN
300 REM FIRE RIGHT PHASER
310 U=X+2
320 FOR V=¥ TO 0 STEP -1
330 GOSUB 5«0:PRINT"n"340 NEXT
350 GOSUB 400:RETURN
400 REM ERASE PHASER
410 FOR V=¥ TO 0 STEP -1
420 GOSUB 500:PRINT" "
430 NEX I
440 RETURN
500 REM MOVE TO U,V
510 PRINT"S3"; : IF V=0 THEN 530
520 FOR 1=1 TO V= PRINT:NEXT
530 PRINT TAB(U>; = RETURN

READV.

Figure 11.19 Main program for controlling a fighter
plane with phasers.
5 REM FIGHTER PLANE WITH PHASERS
10 PRINT"!" : X=10: ¥=10
20 GOSUB 600: GOSUB 100
30 GET A$’IF A$="" THEN 30
40 IF A$="A" THEN GOSUB 150 : X=X-1 : GOSUB 100:GOTO 30
50 IF H$="D" THEN GOSUB 150: X=X+1:GOSUB 100: GOTO 30
60 IF A$="W" THEN GOSUB 150 : ¥=¥-1:GOSUB 100: GOTO 30
70 IF A$="X" THEN GOSUB 150 : ¥=V+1:GOSUB 100: GOTO 30
80 IF A$="L" THEN GOSUB 200:COTO 30
90 IF A$="R" THEN GOSUB 300 : GOTO 30
95 GOTO30

READV.
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(a)

0
0
0
0
0
0
0
0

Figure 11.21 (a) Phaser produced by pressing key L.
(b) Phaser produced by pressing key R.

Keyboard Buffer

Run the “plane with phasers” program, and press key
L followed quickly by key R. The left phaser should be
fired, and then the right phaser should be fired.
Although the left phaser had not finished firing when
you pressed the R the Commodore 64/ VIC 20
remembers that the R has been pressed and fires the
right phaser after finishing the left phaser firing.

Press the keys L, R, L, R in order quickly. Observe
that the Commodore 64/ VIC 20 remembers all four
key pressings.

Press the key combination L, R quickly five times (a
total of ten key presses). Note that the Commodore
64/ VIC 20 remembers all of these and fires a total of
ten phasers.

Now press the key combination L, R quickly six
times (a total of twelve key presses). Do this fast
enough that all twelve keys are pressed before the left

phaser has finished its first firing. You can move the
plane to the bottom part of the screen to give yourself
more time. If you press both keys six times before the
left phaser has finished its first firing, you will find that
the Commodore 64/ VIC 20 appears to have forgotten
your last key press.

The reason for this apparently strange behavior has
to do with the keyboard buffer that was described at
the beginning of this chapter. This buffer contains ten
memory locations which are used to temporarily store
the characters corresponding to the pressed keys until
the GET statement can remove them from the buffer.
When we enter L, R six times very rapidly (while the
first firing is occurring in response to the first E) there
are 1 1 key presses to store before a GET occurs. Thus,
the last R key press is lost.

EXERCISE I l-l
Modify the program shown in Figure 7.4 by substi¬
tuting a PRINT statement and a GET statement for
line number 1 20. The modified program should
continue as soon as the user presses key Y.

EXERCISE 1 1-2
Modify the interactive drawing program of Figure
1 1 . 14 so that the cursor may be changed in color from
the keyboard.

EXERCISE 11-3
Modify the phaser-firing subroutines shown in Figure
1 1 .20 so that only a single “bullet” is fired from each
wing.

EXERCISE 11-4
Write a program that will move a graphic symbol left,
right, up, ordown using keys A, D, W, and X as shown
in Figure 11.2. However, instead of moving the
graphic symbol only one space for each key pressed, let
the graphic symbol continue to move in the same
direction, tracing out a line, until another key is
pressed to change its direction.

EXERCISE 11-5
Modify the program in Exercise 11-4 so that the
graphic symbol moves across the screen without
tracing out a line. The graphic symbol should change
direction when you press keys A, D, W, and X.

EXERCISE 11-6
Modify the program with the “plane and phasers” so
the plane is purple, the left phaser is yellow, and the
right phaser is green.
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LEARNING TO USE ARRAYS

You have learned that numerical values are stored in
memory cells with names like A and B3. Similarly,
strings are stored in memory cells with names like A$
and B3$. Sometimes it is desirable to identify a
collection of memory cells by one name. Such a
collection of memory cells is called an array, and the
individual memory cells within thearray are identified
by means of subscripts.

In this chapter you will learn:

1. how to represent arrays in BASIC
2. the difference between one-dimensional and
multi-dimensional arrays
3. how to use the DIM statement
4. how to use arrays when plotting bar graphs
5. how to sort data stored in a one-dimensional
array
6. how to use the ON...GOSUB statement
7. how to write an interactive program to display
three-dimensional letters.

ARRAYS

You will often encounter data that are related in some
way. For example, Table 10.1 in Chapter 10 lists the
six New England states and their populations. In the
program in Figure 10.6 we read each state name into
the memory cellS$and each population figure into the

memory cell P. Only one state name and one
population figure were in these memory cells at any
one time. We printed the state name and plotted a bar
with a length proportional to the population. Then we
read another state name and population figure into S$
and P.

Some programs, however, would require that all of
the state names and populations be stored in different
memory cells at the same time. We would therefore
need twelve memory cells, six for the state names and
six for the populations. It is convenient to store all the
state names in an array called S$ and all the
populations in an array called P. The individual
memory cells within the array are distinguished by
a subscript I. An individual element within the array
is sometimes called a subscripted variable for exam¬
ple, P(I) or S$(I). The arrays S$ and P are shown in
Figure 12.1.

Note that in BASIC, subscripts are enclosed in
parentheses. The variable name P(2), for example, is
the name of the memory cell that contains the value
511456. You can use these subscripted variables in the
same way as simple variable names. For example, type
these statements as shown in Figure 12.2:

S$(2)=“VT”
?S$(2)
P(2)=511456
?P(2)

106



Figure 12.1 (a) The six subscripted variables S$(l), 1=0,5
contain the state names, (b) The six subscripted
variables P(l), 1=0,5 contain the state population
figures.

S$(0) ME P(0) 993663
S$(l) NH P(l) 737681
S$(2) VT P(2) 444732
S$(3) AAA P(3) 5689170
S$(4) CT P(4) 3032217
S$(5) RI P(5) 949723

(a) (b)

fef<2>="VT»
READY.?SS(2)
DT
READY.P(2)=511456

READYWC2J
511456

READY.

Figure 12.2 Subscripted variables can be used just like
simple variables.

Although the memory cells S$(2) and P(2) are
elements of an array, individually they can be treated
like any other memory cell names.

Having a memory cell name contain a subscript,
however, can be very useful. For example, type the
following two statements as shown in Figure 12.3:

FOR 1=0 TO 10: A(I)=2*I: NEXT
FOR 1=0 TO 10: ?A(I);: NEXT

I he first statement fills each of theeleven memory cells
A(I), 1=0, 10 with the value 2*1. Thesecond statement
prints these eleven values.

Try changing the first statement to FOR 1=0 TO 11:
A(l)=2 *1: NEXT. You will obtain the error message
?BAD SUBSCRIPT ERROR. The reason for this
error will be explained in the next section.

The DIM Statement

Whenever a BASIC program first encounters a
subscripted variable, such as A(3), it automatically
assigns eleven memory locations to the array. These
memory locations arc assigned the names A(0)-A( 10).

•A

Figure 12.3 Filling the array A(l) with the value 2*l.

If you try to use the name A(1 1), as in the example just
given, you get the error message ?BAD SUBSCRIPT
ERROR because this name is not reserved in the
computer.

If you want to use an array with more than eleven
memory cells, you must explicitly define thearray with
a DIM (for DIMension) statement. For example, to
assign sixteen memory cells to the array B you would
type DIM B(15). You could then use the sixteen
memory cells B(0)-B(15). The constant 15 in this DIM
statement defines the upper subscript limit of the
array. (The upper limit can also be a variable or an
expression.) The lower subscript limit is always
assumed to be zero.

You can define more than one array with a sin¬
gle DIM statement. For example, you can write
DIM B(15),A(3),C(24) to define three arrays con¬
taining sixteen, four, and twenty-five memory cells,
respectively.

Although it is not necessary to use a DIM statement
when the array contains eleven or fewer memory cells,
it is usually a good idea to use one. The DIM statement
gives you a convenient place to define what the array
means (by following the DIM statement with a REM
statement). In addition, if you need fewer than eleven
memory cells in an array, the DIM statement will save
memory by reserving only the number you define. This
saving is bigger than it may appear, because the
Commodore 64/ VIC 20 uses five bytes of memory for
each numerical memory cell.

There is another way tosavea considerableamount
of memory when using a large array that contains only
integers (whole numbers). If you add a percent sign, %,
to an array name, the Commodore 64/ VIC 20 will
consider all array elements to be integers and will use
only two bytes of memory (rather than five) to store
each integer element. For example DIM C%(99)
would define an integer array containing 100 elements
and would save 300 bytes of memory when executing
the program. You would, of course, use the sub-

OR 1=8 TO 18:A<I>=2*I :REXT
tEADY.
OR 1=8 TO 18 ?ACI); HEXT
O 2 4 6 8 18 12 14 16 18 28

IEADY.
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scripted variable C%(I) in the program. Reserving
more memory locations than you use in the program
will not cause problems; it will simply use extra
memory.

The DIM statement may occur anywhere in the
program, but it must occur before you refer to the
corresponding subscripted variable. An array can be
dimensioned only once in a program. If you try to
dimension it more than once you will obtain the error
message ?REDIM’D ARRAY ERROR. Remember
that if a subscripted variable such as A(3) is encoun¬
tered before a DIM statement has been executed, the
Commodore 64/ VIC 20 will automatically dimension
the array equivalent to DIM A(10). If it then
encounters a DIM statement for A, the above error
message will be displayed.

For example, try typing FOR 1=0 TO 11: A(I)=2*I:
NEXT. If you have not dimensioned the array A, you
will obtain the error message ?BAD SUBSCRIPT
ERROR as shown in Figure 12.4. The problem, of
course, is that you tried to refer to A(ll), and the
Commodore 64/ VIC 20 has automatically dimen¬
sioned the array as A( 10). But if you try to correct this
by typing DIM A(ll) you will obtain the error
message ?REDIMD ARRAY ERROR as shown in
Figure 12.4, because the array is already dimensioned.
To correct this, type CLR as shown in Figure 12.4.
This clears, or reinitializes, the system variables and
has the effect of wiping out any dimensioning
information. You can then type the following state¬
ments without errors, as shown in Figure 12.4:

DIM A(ll)
FOR 1=0 TO 11: A(I)=2*I: NEXT
FOR 1=0 TO 11: ?A(I);: NEXT

The maximum number of elements in an array will
be limited by the amount of memory in your Commo¬
dore 64/ VIC 20. If the total amount of memory used
by your program, variables, and arrays exceeds the
amount of memory in your Commodore 64/ VIC 20,
you will obtain the error message ?OUT OF MEM¬
ORY ERROR.

Any time you want to know how many bytes of free
memory you have left, type ?FRE(1). (Numbers over
32768, which are possible on the Commodore 64,
appear as negative values. To get the corresponding
positive value, add 65536.) For example, Figure 12.5
shows that an array containing 100 elements uses 507
bytes of memory (five for each of the 100 elements
in the array and seven for an array header). Before
the DIM A(99) statement, there are 65536—26627=
38909 bytes free and after there are 65536-27134=
38402 bytes free so 38909—38402=507 bytes have been
used up.

h FREC1)
F26627
READY
RIM AC99)

READY? FRECi)
-27134
READY

Figure 12.5 The statement ?FRE(1) will print the
number of free bytes of memory left.

Figure 12.4 Examples of using the DIM and CLR
statements.

FOR 1=0 TO 11: ACD=2«I. NEXT
PBAD SUBSCRIPT
READY.
DIM ACID

ERROR

?REDIM'D ARRAY ERROR
READY.
CLR
READY.DIM ACID
Ready.
FOR 1=8 TO 11- ACD=2«I: HEXT

READY

READY.
FOR 1=8 TO UYACD;: NEXT8 2 4 6 8 18 12 14 16 18 28

Multi-dimensional Arrays

An array that contains a single subscript is called a
one-dimensional array. An array that contains more
than one subscript is called a multi-dimensional array.
For example, the DIM statement DIM A(2,3) defines
a two-dimensional array containing twelve elements.
It can be thought of as a two-dimensional matrix
containing three rows and four columns as shown in
Figure 12.6. In the array A(I,J), the first subscript, I, is
the row number and the second subscript, J, is the
column number. Thus, for example, in Figure 12.6 the
value of A(l,2) is 8 and the value of A(2,l) is 12.

A three dimensional array containing a total of
7X9X3 = 189 elements can be defined by the DIM
statement DIM F(6,8,2). Examples of using two- and
three-dimensional arrays in a program will be given in
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Chapters 13 and 14. In the remainder of this chapter
we will write some programs using one-dimensional
arrays.

Figure 12.6 The array A(I,J) containing twelve
elements.

J

BAR GRAPHS USING ARRAYS

The program shown in Figure 10.5 plots four bars of
lengths 12, 21, 5, and 17. Review that program and
make sure you understand how it works. Line 400
plots a bar of length L using the graphic symbol G$. In
this section we will modify this program to plot bars of
the same lengths, using a different graphic symbol for
each bar.

The modified program and its execution are shown
in Figure 12.7. Line 15 is a new DATA statement that
contains the four graphic symbols that will be used for
the four bars. Line 25 is the DIM statement 25 DIM
G$(4),L(4). This statement defines an array G$(I) that
will contain the four graphic symbols and an array L(I)
that will contain the four lengths. Although this DIM
statement defines five elements for each array, we will
use only the elements G$(l)-G$(4) and L( 1 )-L(4) and
ignore G$(0) and L(0).

Figure 12.7 Bar graph example using arrays.

fti0
INT:RETURN

•••••••••••••••••••St
90008

EADV.

8
8
‘8

5
8
'5
8

EADV
UN

risa
rhu

DATA
DATA 1241,5,17
DIM G$(4),L<4)
FOR 1=1 Tfi 4:READ GSCIUNEXT
FOR hi TO 4 READ LCIUNEXT
FOR 1=1 TO 4
L=L(J):G$=GSU):GOSUB- 400
NEXT!

! EMO
0 FOR 1=1 TO L:PRINT G$; NEXT PRINT:PR

Line 30 reads the four graphic symbols in the
DATA statement on line 15 into the four subscripted
variables G$(l)-G$(4). Line 40 reads the four values
12, 21, 5, and 17 from line 20 into the four subscripted
variables L(l)-L(4) respectively.

The loop defined by lines 50-70 plots the four bars.
Each time through the loop, a new length L(J) and a
new graphic symbol G$(J)are assigned to L and G$ to
be plotted by line 400. Note how the subscript J is
incremented from 1 to 4 by successive passes through
the loop. Also note that the subscripted variables L(J)
and G$(J) and the simple variables L and G$ are not
confused by the Commodore 64/ VIC 20 and are
treated as separate memory cells.

The four bars in Figure 12.7 can be plotted adjacent
to each other by eliminating one of the PRINT
statements in line 400, as shown in Figure 12.8.

Suppose you would like to plot the bars shown in
Figure 12.8 in order of increasing length—that is, the
shortest bar first, the next-to-shortest second, and so
on. You can do this if you rearrange the array L(I) so
that the elements are in increasing, or ascending,
order. One simple method of sorting an array in
ascending order will now be described.

List

28 DATA 12,21,5,17
25 DIM G$(4),t(4)
38 FOR 1=1 16 4:READ GSCIUNEXT
48 FOR 1=1 TO 4READ LCIUNEXT

EADV.

Figure 12.8 Plotting the bars adjacent to each other.

58
68
76

»••••••••••••••••••••
»0980

FOR J=i TO 4
L=L(J)G$=G$<DG0SU8 488
NEXT!

los^FOR 1=1 TO L:PRINT G$; NEXT PRINT RE
TURN
READV.
RUM

REM BAR GRAPH EXAMPLE
data
DATA 12,21,5,17

Sorting an Array in Ascending Order

Many algorithms have been devised for sorting an
array of elements in ascending order. Some are more
efficient than others, that is, they are executed faster.
Some (not necessarily the same ones) are easier to
understand than others. The method of sorting the
array L illustrated in Figure 12.9 is fairly easy to
understand (but not very efficient).

The method begins by comparing the first element
in the array (1=1) with all succeeding elements.
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Figure 12.9 Sorting an array by moving the smallest
succeeding value to location 1, 1=1 to N — 1 (N=
number of elements in array).

I=1 l=2 1=3
Array
sorted

L(D 12*i 5 5 5 5
L(2) 25 25*i 12* 7 7
L(3) 5« 12J 25 25«i 12
L(4) 7 7 7< 12J 25

Whenever a succeeding element is found to be smaller
than the first element, it is interchanged with the first
element. Thus, after the first element (whose value
may have changed a few times) is compared with all
succeeding values, we will have moved the smallest
value to the first position in the array.

If we repeat this procedure starting with the second
element (1=2), then after comparing the second
element with all succeeding elements and inter¬
changing the values if any succeeding element is
smaller than the second one, the next-to-smallest value
will be in the second position in the array.

This process continues until we have compared the
next-to-last element with the last element in the array.
At this point the array is sorted in ascending order as
shown in Figure 12.9. The algorithm for this proce¬
dure is shown in pseudocode in Figure 12.10. Compare
Figures 12.9 and 12.10 and make sure you understand
how this sorting algorithm works.

The algorithm shown in Figure 12.10 looks fairly
easy to write in BASIC. The only problem is how to
interchange the contents of L(I) and L(J). Note that
the two statements

L(I)=L(J)
L(J)=L(I)
will not work because the original value in L(I) will be
destroyed when the value of L(J) is put in L(I) in the
first statement. This means that the second statement
will really be assigning the value in L(J) to itself, and
L(I) and L(J) will have the same value. It requires three

Figure 12.10 Pseudocode representation of sorting
algorithm shown in Figure 12,9.

for I=1 TO N— 1
for J=l+1 TO N

if L(I)<=L(J)
then do nothing
else interchange L(l) and L(J)

nextJ
nextI

statements to interchange the values of L(I) and L(J),
as shown in Figure 12.11.

Figure 12.11 Three statements are required to
interchange L(1) and (J).

L(I)=L(J)
L(J)=L(I)

will not interchange L(I) and L(J)

T=L(I)
L(I)=L(J)3wz7/ interchange L(I) and L(J)
L(J)=T

The value in L(I) must be stored temporarily in
another memory cell T before the value in L(J) is put in
L(I). Then the value in T (formerly in L(I)) can be put
in L(J).

The sorting algorithm shown in Figure 12.10 is
written as a BASIC subroutine in Figure 12.12. Line
2040 interchanges the values in L(I) and L(J). Add this
subroutine to the program shown in Figure 12.8.

Figure 12.12 BASIC subroutine to sort array L(l)
containing N elements in ascending order.
2000 REM SORT L(I)
2010 FOR 1=1 TO H-l
2020 FOR J=I+1 TO N
2030 IF L(IX4.(J) THEN 2050
2040 T=L(I) :L(I)=L(J) ; L <J)=T
2050 NEXTJ: NEXTI
2060 RETURN

READ?.

Then add the statement 45 N=4: GOSUB 2000:
REM SORT L(I) to the main program as shown in
Figure 12.13. The result of running this program is
also shown in Figure 12.13. Line 45 sets the number of
elements in the array L to 4 and then sorts this array by
calling the subroutine shown in Figure 12.12.

If you compare Figure 12.13 with Figure 12.8 you
will notice that the four graphic symbols are plotted in
the same relative order. That is, they did not get sorted
as the data did. However, it probably makes more
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[I5Ti8-488

READV
RUN

••••••••••••00000000000000000

10
15
28
25
38
48
45
58
68
78
98
488 FOR 1=1 TO LPRINT G$; NEXT:PRINT:R
TURN

REM BAR GRAPH EXAWLE
DATA 'T',"©","©"/^DATA 12,^1.5,17
DIM G$C4).LC4>
FOR 1=1 l6 4:READ GSCD-NEXTFOR 1=1 TO 4:READ LCI):NEXT
N=4G0SUB 2888:REM SORT LCD
FOR J=1 TO 4
L=L(J>G$=G$CJ):GOSUB 488
NEXTJ
END

READV.
Figure 12.13 Plotting bar graphs in ascending order
using the subroutine in Figure 12.11.

sense to associate a particular graphic symbol with a
particular data value (such as inflation, growth, etc.)
so that if the data is rearranged (sorted), the
corresponding graphic symbols will also be rear¬
ranged. We can do this by adding the statement 2045
T$=G$(I): G$(I)=GS(J): G$(J)=T$ to the subroutine
given in Figure 12.12 as shown in Figure 12.14. This
statement will cause G$(l) and G$(J) to be inter¬
changed each time E(I) and L(J) are interchanged.
This will cause a given data value to “keep” its
particular graphic symbol as shown in Figure 12.15.

Figure 12.14 Sorting subroutine that interchanges
C$(I) and G$(J) each time L(l) and L(J) are
interchanged.
2006 REM SORT LT I?
2010 FOR 1=1 TO H-l
2O20 l-UR J-T+l TO N
2030 IF LT IK=LT,E' THEN 2S50
2040 T=L L I T 1T I ) =L. ( J ) : L 'i J > =T
2045 TS=G$(I ,■ 04 (Ii=G$ L J1 : 6$ L J)=TT
2050 NEXTJ : HEXTI
2060 RETURN

RERDV.
Sorting an Array in Descending Order

The subroutine in Figure 12.14 can easily be modified
to sort the array L(l) in descending order rather than
ascending order by changing line 2030 to 2030 IF
L(I)>=L(J) THEN 2050 as shown in Figure 12.16.
Running the main program with this subroutine will
produce the result shown in Figure 12.17.

THE ON...GOSUB STATEMENT

Sometimes it is convenient to be able to branch to one
of several possible subroutines, depending upon the

F

*

18
18
15
>8
18
'8
18$

Figure 12.15 Plotting bar graphs using the subroutine
in Figure 12.14.

IEADV.

188 FOR 1=1 TO L:PRINT G$; :NEXT:PRINT:R
FURN
IEADV.
ION
>0000

REM BAR GRAPH EXAMPLEDATA STDATA 12,21,5,17
DIM GSC4).tC4)
FOR 1=1 T6 4:READ 6$CD:NEXT
FOR 1=1 TO 4:READ LCD '-NEXTN=4:G0SUB 2888:REM SORT LCDFOR J=1 TO 4
L=LCD:G$=G$CD :GOSUB 488
NEXTJ
END

c.-*ati.tar !.i.

Figure 12.16 Subroutine to sort array L(l) containing N
elements in descending order.
2060 REM SORT L <I>
2010 FOR 1=1 TO N-l
2020 FOR J=I+1 TO N
2030 IF L( IT>=L'iJ) THEM 2050
2040 T=L C I ) : L ( 11=L(J> = L < J)=T
2045 T$=G$ ( 1 1 : G$( I )=G$(J) : G$( J)=T$
2050 NEXTJ 'NEXTI
2060 RETURN

RERDV.

Figure 12.17 Plotting bar graphs in descending order
using the subroutine in Figure 12.16.

18-488

noooo
READV.

EADV.
UN
00800000000000000000

.8 REM BAR GRAPH EXAMPLE
5 DATA
8 DATA 12,^1.5,17
5 DIM GSC4>.LC4>
8 FOR 1=1 T6 4:READ 6$CD:NEXT
18 FOR 1=1 TO 4:READ LCIDNEXT
15 N=4:G0SUB 2888:REM SORT LCD
8 FOR J=1 TO 4
8 L=LCJ):G$=G$CJ)GOSUB 488
8 NEXTJ
i8 END
188 FOR 1=1 TO L:PRINT 6$;:NEXT:PRINT:R
URN

value of some index variable I. This can be done by
using the ON...GOSUB statement. As an example,
if the statement 30 ON I GOSUB 100,200,300 is
executed, then if 1=1, the program branches to the
subroutine at line 100; if 1=2, the program branches
to the subroutine at line 200; if 1=3, the pro-
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gram branches to the subroutine at line 300; if I is any
other value (it must be between 0 and 255), then no
branch occurs and the statement following on the
ON...GOSUB statement is executed. Each subroutine
must end with a RETURN statement. When one of
these RETURN statements is executed, the program
will branch back to the statement following the
ON...GOSUB statement.

The index I in the ON...GOSUB statement just
shown can be any variable or expression with a value
in the range 0-255. There can be any number of
subroutine line numbers following GOSUB, as long as
the entire statement fits on four screen lines on the VIC
20 or two screen lines on the Commodore 64. The
ON...GOSUB statement branches to the subroutine at
the line number whose position following the word
GOSUB corresponds to the value of the index 1. The
use of the ON...GOSUB statement is illustrated in the
next example.

Displaying 3-D Letters

In Chapter 9 you learned how to make 3-D letters. The
main program shown in Figure 9.27 displays the 3-D
name JEFF. It uses the graphic primitives shown in
Figure9.15 and the subroutines shown in Figures 9.18,
9.21, 9.24, and 9.26. For the program in this section we
will add the two subroutines shown in Figures 12.18
and 12.19 for displaying a 3-D P and a 3-D T,
respectively (see Exercise 9-2).

We will rewrite the main program starting at line
1000 to do the following:

1. Display the message ENTER J, F, E, P, OR T:,
2. Display the 3-D letter corresponding to the key
pressed,
3. Display the message DO YOU WISH TO
ENTER ANOTHER LETTER? and repeat steps
1-3 if key Y is pressed.

Figure 12.18 Subroutine to display 3-D P.
600 REM 3-D F
610 gosub 200:print "rrrmrr>»ia «";e2t;
620 RETURN

READY.

The basic strategy of the program will be to use
the ON...GOSUB statement. The subroutines to
display the 3-D letters are located at the following
line numbers:

Shown in
Line Number Subroutine Figure

100 Display 3-D J 9.18
200 Display 3-D F 9.21
300 Display 3-D E 9.24
600 Display 3-D P 12.18
700 Display 3-D T 12.19

Therefore, the statement ON I GOSUB 100,200,300,
600,700 will cause a J, F, E, P, or T to be displayed
depending upon whether I is equal to 1 , 2, 3, 4, or 5. We
need some way of making the value of I (1-5)
correspond to the key pressed (J, F, E, P, or T) whose
value is stored in a string variable AS.

To accomplish this we will store all possible letters
in an array B$(I) using the two statements:

1020 DATA J, F, E, P, T
1030 FOR 1=1 TO 5: READ B$(I): NEXT

This will result in the array shown in Figure 12.20.
Note that the value of the subscript I is the value
needed in the ON...GOSUB statement to cause
a branch to the proper subroutine (for example, 1=4
corresponds to P and will cause a branch to line 600).

The next problem is how to determine which index
value 1 corresponds to the letter stored in A$ (the key
pressed). This can be done by comparing A$ with B$(I )
as I increases from 1 to 5. When a match occurs, the

Figure 12.20 The value of the subscript 1 identifies a
particular letter.

B$(l) I
B$(1) J 1

B$(2) F 2

B$(3) E 3

B$(4) P 4

B$(5) T 5

GOSUB 220

Figure 12.19 Subroutine to display 3-D T.
700 REM E-D T
710 PRINT D5$iB5t;C4$;B5$;E44;B4$ J
720 FOR 1=1 TO 7 TRINT Alt;Cl$;B2$; "II"; = NEXT TRINT A1$;E1$;
730 RETURN

READY.
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value of I is the one to use in the ON...GOSUB state¬
ment. In pseudocode the match can be found as follows:

1=1
do until A$=B$(I) or I>5

1=1+1
enddo

In other words we simply increment I by one until
there is a match between A$ and B$(I) or until we have
gone through the entire list without a match. (This
would occur if you pressed a key other than J, F, E, P,
or T.) This algorithm can be written in BASIC as
follows:

1050 1=1
1060 IF A$=B$(I) OR I>5 THEN 1075
1070 1=1+1: GOTO 1060
1075

Note that for this algorithm to work, the array B$(I)
must be dimensioned to at least B$(6) because I will
equal 6 if no match is found.

The entire main program for displaying a 3-D letter
is shown in Figure 12.21. Line 1005 clears the screen.
Line 1010 dimensions the array B$(I). Lines 1020-1030
fill the array B$(I)asshownin Figure 12.20. Line 1040
displays the message ENTER J, F, E, P, OR T:. Line
1045 branches to a subroutine at line 800 that will
produce a blinking cursor and wait for a letter to be
entered. This subroutine uses the GET statement and
is shown in Figure 12.22. Compare Figure 12.22 with
lines 20-35 in Figure 11.11. The use of the subroutine
in Figure 12.22 instead of the INPUT statement in
Figure 12.21 will make it unnecessary to press the
RETURN key after pressing the letter to be displayed.

Figure 12.22 Subroutine to GET A$ from a blinking
cursor.

READV.

800 REM GET 8$ FROM BLINKING CURSOR
810 PRINT "3 SI";:FOR 1=1 TO 200 = HEXT
820 GET 8$: IF A$Q"" THEN 840
830 PRINT" II"; TOR 1=1 TO 200 : NEXT : GOTO 810
840 : PRINT 8$; "II"; : RETURN

Lines 1050-1070 in Figure 12.21determine thevalue
of I corresponding to the key pressed. Line 1075 moves
the cursor to the beginning of the next line and then
skips a line. Line 1080 is the ON...GOSUB statement
that will branch to the appropriate subroutine to
display the 3-D letter. After the 3-D letter has been
displayed, or if a key other than J, F, E, P, or T has
been pressed (resulting in a value of 1=6 in line 1080),
line 1085 will be executed. Line 1085 moves the cursor
to the beginning of the next line and down four lines.
(The cursor goes to different locations for the different
3-D letters.) Line 1090 prints the message DO YOU
WISH TO ENTER ANOTHER LETTER? and line
1095 waits for a key to be pressed by calling the
blinking cursor subroutine at line 800. If key Y is
pressed, line 1100 will cause the program to branch
back to line 1040. The PRINT statement inline 1100 is
required so that the message in line 1040 will begin at
the beginning of the next line. (Otherwise, it will begin
at the location of the blinking cursor where the Y had
been printed in line 840.) If any key other than Y is
pressed in line 1095, the program ends at line 1200.

You can enter this program by typing in the
statements shown in Figures 9.15, 9.18, 9.21, 9.24,
9.26, 12.18, 12.19, 12.22, and 12.21. A sample run of
the program is shown in Figure 12.23.

Figure 12.21 Main program to display 3-D letters.

1000 REM LETTER DISPLAV PROGRAM
1005 PRINT"."]"
1010 DIM B$(6>
1020 DATA J,F,E,P,T
1030 FOR 1=1 TO 5:READ B$<I):NEXT
1040 PRINT "ENTER J,F,E,P, OR T:"
1045 GOSUB 800:REM GET A$
1050 1=1
1060 IF A$=B$<I) OR I>5 THEN 1075
1070 1=1+1 : GOTO 1060
1075 PRINT:PRINT
1080 ON I GOSUB 100,200,300,600,700
1085 PRINT : PRINT"MO8"
1090 PRINT "DO VOU WISH TO ENTER ANOTHER LETTER?
1095 GOSUB 800:REM GET A$
1100 IF A$="V" THEN PRINT: GOTO 1040
1200 END

READV.
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|MTER J,F,E,P, OR T:

0 YOU WISH TO ENTER ANOTHER LETTER? N
EADV.

Figure 12.23 Sample run of 3-D letter display program.

EXERCISE 12-1
Write a program that:

a. stores the names and populations of the six New
England states in the arrays S$(I) and P(I) as shown
in Figure 12.1
b. plots a bar graph of the populations using a
different graphic symbol for each state
c. sorts the populations in ascending order
d. plots a second bar graph (after pressing key S)
with the populations in ascending order.

EXERCISE 12-2
Write a program that:

a. stores N test scores in DATA statements, with
the value of N stored as the first entry of the first
data statement
b. reads the test scores into an array S(l)
c. computes and prints out the average of the N test
scores.

EXERCISE 12-3
If AV is the average of the N test scores stored in the
array S(I), then the standard deviation is defined as

SI^v/^ X (S(I) AV)2
1-1

N
where the notation X means the sum from 1=1

i=i

to N. Modify the program in Exercise 12-2 to compute
and print out the standard deviation of the test scores.
Run the program for the following test scores:

Test Scores
75 36 60 92 80 72 68 48
65 82 88 72 76 85 72 98
48 57 73 66 76 88 73 82
44 90 70 56 81 75 87 90

EXERCISE 12-4
The weights of a group of males and females are shown
below. Write a program that will compute and print
out the averages and standard deviations of the two
groups of weights. Modify the program to compute
and print the average and standard deviation of all
weights (both male and female) (see Exercise 12-3).

Male Female
200 138 103
185 205 105
185 159 112
125 230 102
140 150 160
195 140 120
190 170 115
155 145 130
185 169 140
140 215 118

EXERCISE 12-5
A person makes the following monthly deposits in a
savings account paying 5% interest, compounded
monthly.

Month 123456789 10 11 12
Deposit
(dollars) 25 20 30 15 25 40 20 30 35 35 35 25

The identical pattern of deposits is repeated for a
second and a third year. Write a program that will
compute the amount of money the person has
deposited and the total amount in the account at the
end of 6, 12, 18, 24, 30, and 36 months. Read in the
monthly deposits as an array D(I). (Note: If R is the
annual interest rate, and it is compounded monthly,
then each month the added interest is equal to R/ 12
times the amount in the account.)

EXERCISE 12-6
The polynomial:

P(x) = aix4 + a2x’ + a3x2 + a4X + a5

can be written in the following nested form:

P(x) = a5 + x(a4 + x(a3 + x(a2 + x(ai))))
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If the coefficients a:are stored as subscripted variables
A(I), then the polynomial P can be evaluated, using
the nested form, by the algorithm:

Write a program that will use a similar nesting
algorithm to evaluate the polynomial
P(x) = 3x5 + 4x4 — 2x3 + 5x — 7

P= A(l) for values of x between — 2 and +2 in steps of 0.2. Print
for 1=2 to 5

P = A(I) + X * P

next I

out a table of x and P(x). Make your program general
so that the coefficients are stored in DATA statements
and the program can handle a polynomial of any
order.
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$$$ WITH STRINGS ATTACHED:
LEARNING ABOUT LEFT$,

RIGHTS, AND MID$

You have learned earlier in this book that memory
cells with names like AS and C3S contain strings. The
dollar sign, $, is used in BASIC to identify string-
related names. CBM BASIC has a number of special
functions that make it easy for you to manipulate
strings. Learning how to use these functions will
permit you to write many interesting programs. In this
chapter you will learn:

1. to use the string functions LEFTS, RIGHTS,
MIDS, and LEN
2. to use the numeric/ string functions STR$ and
VAL
3. to use the ASCII code functions ASC and
CHRS
4. how to display dollars and cents on the screen
5. how to write a program to shuffle and display a
deck of playing cards
6. how to write a program to deal a hand of playing
cards.

THE STRING FUNCTIONS LEFTS,
RIGHTS, MIDS, AND LEN

The string functions LEFTS, RIGHTS, and MIDS are
used to extract some portion of a string. The function
LEN is used to determine the length of a string.

LEFTS

The function LEFT$(A$,I) is a string that contains the
left-most I characters of the string AS. For example, if
A$=“ABCDE”, then LEFT$(A$,2) will be the string
“AB”. To verify this, type these statements, as shown
in Figure 13.1:

A$=“ABCDE”
?LEFT$(A$,2)

RIGHTS

The function RIGHT$(A$,I) is a string that con¬
tains the right-most I characters of the string AS.
For example, if A$=“ABCDE”, then RIGHT$(A$,2)
will be the string “DE”. To verify this type
?RIGHT$(A$,2) as shown in Figure 13.1.

MIDS

The function MID$(A$,I,J) is a string that contains
the J characters of AS that start at position I (the first
character of AS is position 1). For example, if
A$=“ABCDE”, then MID$(A$,3,2) will be the string
“CD”. To verify this, type ?MID$(A$,3,2) as shown in
Figure 13.1.
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The function MID$ can also be written with only
two arguments. In this case MID$(A$,I) is a string that
contains the characters of AS starting at position I and
continuing to the end of the string AS. For example, if
A$=“ABCDE”, then MID$(A$,2) will be the string
“BCDE”. To verify this, type ?MID$(A$,2) as shown
in Figure 13.1. Note carefully the difference between
MID$(A$,2) and RIGHT$(A$,2). The former is a
string containing the right-most characters starting at
position 2 of AS, while the latter is a string containing
the right-most two characters of A$.

Figure 13.1 Examples of using the string functions
LEFTS, RIGHTS, M1D$, and LEN.

AS=”ABCDE'

READY

READY.
?LEN(AS)
5

READY.
?LEFTS(A$,2)
AB
READY.
?RI6HT$(A5,2)
DE
READY.
?HID$(AS,3,2)
CD
READY.
?MID$(A$,2)
BCDE

LEN

The function LEN(AS) is equal to the length of the
string AS. It is a numerical value, not a string. For
example, If A$=“ABCDE”, then the value of LEN(AS)
is 5. To verify this, type ?LEN(A$) as shown in Fig¬
ure 13.1.

THE NUMERIC/ STRING FUNCTIONS
VAL AND STRS

It is important to understand the difference between
a numerical value such as 456 and the string “456”. It
is like the difference between BOSTON and
“BOSTON”. BOSTON is a city in Massachusetts;
“BOSTON” is a six-letter word that is the name of the
city. Similarly, 456 is a number that you can add to
other numbers. “456” is just the three characters 4,5,
and 6. Sometimes you will need to convert a string like
“456” to its corresponding numerical value 456. The
function VAL will do this. You may also need to
convert a numerical value such as 456 to its corre¬
sponding string “456”. The function STR$ will do this.

VAL

The function VAL(A$) is equal to the numerical
equivalent of the string AS. If A$ does not have a
numerical equivalent, then VAL(A$) is equal to zero.

As an example of using the VAL function, clear the
screen and type these statements, as shown in Fig¬
ure 13.2.

A$=“456”
?A$
?VAL(A$)

Note that ?A$ prints the string 456 starting in column
0, while ?VAL(A$) prints the number 456 with the
usual leading blank.

S$=”456*'
EADY.
AS
56
EADV.
UALCAS)

| 456
kEADY.pVAL(AS)+18

466
READY.f?AS+i6
^TYPE MISMATCH ERRORREADY.^VALCK")

READY.
Figure 13.2 Examples of using the numeric/string
function VAL.

In order to clarify the difference between VAL(A$)
and AS, type these statements, as shown in Figure
13.2:

?VAL(A$)+10
?AST10

Note that the number VAL(A$) can be added to 10,
whereas trying to add the string AS to the number 10
will produce the error message ?TYPE MISMATCH
ERROR. Finally, type ?VAL(“K”) as shown in Figure
13.2. This shows that the value of the function VAL is
zero if the string does not have a numerical equivalent.

STRS

The function STR$(A) is the equivalent of the
numerical value A. As an example of using the STRS
function, clear the screen and type these statements, as
shown in Figure 13.3:
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A=456
?A
?STR$(A)

Note that both print statements print the number 456
with the leading blank. This means that the string
STR$(A) actually contains the leading blank; it is the
string “ 456”. To verify this type ?LEN(STR$(A)) as
shown in Figure 13.3. This shows that STR$(A) really
does contain four characters (blank, 4, 5, and 6).

A=456
READY.
?A

456
READY.
?STRS(A>

456
READY.?LEIKSTR$<A»
4

READY.
5 456.88
READY.

s™<*>> 2)+".88"
$456.88
READY.

Figure 13.3 Examples of using the numeric/string
function STR$.

Strings can be put together (concatenated) to
form longer strings. For example, type
?“$”+STR$(A)+“.OO” as shown in Figure 1 3.3. The
strings “S”, “ 456”, and “.00” form the string
“S 456.00”.

Suppose you wanted the total string to look like
“S456.00” without a blank between thedollar sign and
the first digit. You want to include all but the first
character in the string STR$(A). Try typing
?“$”+MID$(STR$(A),2)+“.OO” as shown in Figure
13.3. Do you see how it works? Remember that
MID$(STR$(A),2) is the string containing all of the
characters in STR$(A) after the first (that is, starting
at position 2). We will again look at how to display
dollars and cents later in this chapter.

The functions STRS and VAI. are reciprocal
functions because they satisfy the following relations:

string = STRS(VAL(string))
value = VAL(STRS(value))

Verify this by typing the following statements, as
shown in Figure 1 3.4:

?STR$(VAL(“246”))
?VAL(STR$(246))

?STR$(UAL("246"»
246

READY.
?UAL(STR$(246))
246

READY.
I

Figure 13.4 STR$ and VAL are reciprocal functions.

THE ASCII CODE FUNCTIONS ASC
AND CHRS

ASCII stands for “American Standard Code for
Information Interchange.” In this standard code a
certain number is associated with each character
(letter, digit, or special character). This code is used
extensively throughout the computer industry for
sending information from one computer to another
and for sending data between terminals and com¬
puters. The Commodore 64/ VIC 20 has special
graphic symbols as well as special cursor and color
keys that are not part of the ASCII standard.
Therefore, the Commodore 64/ VIC 20 uses an
enhanced ASCII code to represent all of its characters
and special functions. The Commodore 64/ VIC 20
function ASC can be used to find the ASCII number
associated with any character, and the function CHRS
can be used to find the character associated with any
ASCII number.

ASC

The function ASC(AS) is equal to the ASCII code of
the first character in the string AS. To find some
ASCII codes, clear the screen and type these state¬
ments, as shown in Figure 13.5:

?ASC(“A”)
?ASC(“SH1FT S”)
?ASC(“ABC”)
?ASC(“HOME”)
?ASC(“7”)

l.etters, graphic symbols, digits, and special function
keys all have ASCII numbers. Note that the ASCII
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?ASCC"A">
65

READY.
?ASCC"V>

211
READV.
?ASCC”ABC">
65

READY.
’ASCCH")
19

READY.?ASC<"T°>
55

READY.

Figure 13.5 Examples of ASCII codes of some
characters.

number for a digit is different from the digit itself (for
example, 55 is the ASCII code for 7). Also note that
the function ASC(“ABC”) is the ASCII code of the
first character, A, in the string “ABC”.

If you want to see what some other ASCII numbers
are, try typing this two-line program:

30 GET A$: IF A$= ”” THEN 30
40 ?A$ ; ASC(AS); SPC(2);: GOTO 30

This program will print any character you type
followed by its ASCII code. A sample run is shown in
Figure 13.6. The ASCII codes for all of the characters
are given in Appendix B.

Figure 13.6 Program to find the ASCII codes of each
key pressed.

38 GET AS:IF AS«"" THEN 38
48 ?AS;ASC(AS);SPC(2); :G0T0 38
RUNa Ji6 Z469 r. X223. 215 193K 65 B 66 C 67 4 52 5 53 6 5-

CHRS

If you know the ASCII code of a character you can
generate the string of that character using the function
CHR$(A) where A is the ASCII code of the character.

Using the results in Figure 13.5, try typing the
following statements, as shown in Figure 13.7:

?CHR$(65)
?CHR$(211)
?CHR$(55)

Now type ?CHR$(19). The cursor moves HOME, a
line is skipped (because the PRINT statement does not
end with a semicolon), and then the READY message
is printed. Thus, the function CHRS can be used in a
program to produce cursor movements equivalent to
including cursor keystrokes within a string. The
ASCH codes and CHRS functions associated with the
various cursor movements, color keys, and reverse
video functions are given in Appendix B.

’CHRSC65)
I
IEADY.
>CHR$(2W
I

IEADY.
*CHRS<55)
F

IEADY.

Figure 13.7 Examples of printing characters using their
ASCII codes.

PRINTING DOLLARS AND CENTS

Lots of practical programs involve money and require
you to display dollars and cents on the screen. This is
not so easy as it may seem. First of all, if you compute
some monetary value such as interest on a savings
account, you will want to round to the nearest cent.
You can do this by adding 0.005 to the value and then
displaying only two places after the decimal point. In
order to try this, type these statements, as shown in
Figure 13.8:

A=208.4978
A1=A+.OO5
?A1
?INT(Al*100)/100

Note that although this method rounded the amount
to the nearest cent, the Commodore 64/ VIC 20 does
not display trailing zeros. Therefore, fifty cents (.50) is
printed as .5.
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»=288.4978
READY.Ri=A+.685
READV.
?A1
288.5828

READV,
?INT(A1*188)/188
288.5

READY.

Figure 13.8 Rounding a monetary value to the nearest
cent.

One way to print the .5 as .50 is to convert the
dollars and cents separately to their string equivalents
and then display these strings. To investigate this
possibility, type these statements, as shown in Fig¬
ure 1 3.9:

A2=INT(A1)
?A2
A2$= MID$(STR$(A2),2)
?A2$

Note that A2 is the dollar value and A2$ is the string
representation of this value, with the leading blank
eliminated.

A3$= MID$(STR$(A3),3,2)
?A3$

Note that the cents value A3 is found by subtracting
the dollar value from the total rounded amount. A
string representing the cents amount consists of the
third and fourth characters in the string STR$(A3)
(the first character is a blank).

A3=Ai-A2
READY.
?A3.562799988
ready.
A3S=HID$(STR$(A3),3,2)
READY
?A35
58
READV.

A29 A319288.58
READY

Figure 13.10 A3$ is a string representation of the cents
amount.

The total dollars and cents can be displayed by
typing ?“$”;A2$;“.”;A3$ which will display

$208.50

Figure 13.9 A2$ is a string representation of the dollar
amount.

E2=IHT(AD

EADY.
A2

i 288
READY.
A29=HID9CSTR9<A2),2)
READY.
?A29
288
READY.

In order to obtain a string representation of the
cents value, type these statements, as shown in Figure
13.10:

A3=A1-A2
?A3

as shown at the bottom of Figure 13.10.
The statements shown in Figures 13.8, 1 3.9, and

13. lOcan be combined to form the subroutine shown in
Figure 1 3. 1 1 . T his subroutine should print the value of
A in the form $XX.YY. For the first value of A shown
in Figure 13. 1 1 the subroutine works well. However,
for a value of A=159.996 the subroutine prints
$160..9. The problem can be found by looking at the
values of Al and A3 as shown in Figure 13.1 1. If the
fractional part of A 1 (the cents value, A3) is less than
0.01 then A3 will be stored in scientific notation. Now
the third and fourth characters in STR$(A3) are “.9”
rather than “00”. The subroutine shown in Figure
13.11 can be fixed by adding the statement 925 IF
A3<.01 THEN A3$=“00”: GOTO 940 as shown in
Figure 13.12. Note that this modified subroutine
prints the correct dollars and cents values for all of the
examples shown.

The last example shown in Figure 13.12 rounds
999999.999 to $1000000.00. When writing a check for
this value (or any value over $1,000.00) it would look
better and make the value easier to read if you included
commas in the dollar amount.
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List
PRINT A AS SXX.YYtees REM

”^3i-
910 A1=A+ .885:A2=INTCAD:A3=Ai-A2928 A2$=MI0$(STR$(A2),2)
938 A3$=MIB$(STR$(A3).3.2)
948 PRmT"$";A2$;".";A3l;
958 RETURN
REftM
A=288 4978:GOSUB 988
$288.58
REABY
A=159 996:GOSUB 988
5168. .9
REABY.
?Ai
168.881

REABY.
?A3
9.99987125E-84

REABY.

Figure 13.11 This subroutine for displaying dollars and
cents will not work for cents values less than 0.01.

REM PRINT A AS SXX.YYAi=A+.885:A2=INT(AD:A3=A1-A2A2$=MI0$(STR$(A2)?2) BZ
IF A3C.81 THEN A3i="88" - GOTO 94«A3$=MIB$CSTR$(A3).3.2)PRINT"$";A2$;".M3$r
RETURN

REABY.
A=288.4978:60SUB 988$288.58
REABY.
5=159.996:GOSUB 988
$168.88
REABY.
8723302 3" GOSUB 988
$1088888.88
REABY.

Figure 13.12 Modified subroutine that displays correct
dollars and cents values.

Adding Commas to the Dollar Amount

Suppose that you want to add commas to the value

S ,2357829,. 49,
A2S A3S

First of all, the largest dollar value that our subroutine
can handle is 999999999 because the Commodore
64/ VIC 20 will store any value higher than this in
scientific notation. The Commodore 64/ VIC 20 does
not keep more than nine digits of precision when
storing numbers; therefore, to get the correct cents
value you should limit the dollar values to 9999999.

With this limit, we need to insert two commas, at
most. We will divide the string A2S into the three
substrings A4$, A5S, and A6S as follows:

$ ,2,^357^829,. 49,
A6SA5S A4S A3S

That is, if L=LEN(A2$), then:

A4$JA2$ (L<=3)
|MID$(A2$,L— 2,3) (L>3)
(LEFT$(A2$,L- 3) (L<=6)
|MID$(A2S,L— 5,3) (L>6)

A6$= LEFT$(A2$,L— 6) (L>6)

The algorithm for adding the commas will then be:

z/L<=3
then print $A4$.A3$
else if L<=6

then print SA5$,A4$.A3S
else print $A6$,A5$,A4$.A3S

Figure 13.13 shows how this algorithm can be added to
the subroutine shown in Figure 13.12. Lines 940-975
implement the algorithm described above. Two exam¬
ples of using this subroutine are also shown in Fig¬
ure 13.13.

Figure 13.13 Subroutine that includes commas when
displaying dollars and cents.

00

38

o-

88 RETURN
EABY.
1=999999.999:GOSUB 988
1.888,888.88eAby.
1=32541.658:GOSUB 988
32.541.66lEA&Y.

145 PRINT-S";
>58 IF L<=3 THEN A4S=A2$:G0T0 975
55 IF L<=6 THEN A5$=LEFT$(A2$,L-3> GOTO
967
68 A6$=LEFT$(A2$.L-6):PRINT A6$;"
65 A5$=MIB$(A2$,L-5,3>
«7 PRINT A5S;*',";
78 A4$=MI0$(A2$,L-2.3)
75 PRINT A4S; . ,A3l;

-- 9
18 Al=A+.805:A2=INT(Ap :A3=A1-A228 A2$=MI0$(STRS(A2>,2)
25 IF A3<8.81 THEN aS$*’W-60T0 948-- A3$=MIB$(STR$(A3>,3,2)

L=LEN(A2$)

PLAYING CARDS

As another example of using string functions, we will
now develop some subroutines that will be useful in
card game programs. The first thing to decide is how to
represent a deck of cards within the computer. It is
convenient to associate a number between 1 and 52
with each card in the deck. We will use the numbering
system shown in Figure 13.14. For example, the seven
of hearts is number 33 and the jack of diamonds is
number 24.
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The value of a card (ace through king) has a value
number V, and each suit has a suit number S, as
defined in Figure 13.14.

Figure 13.14 Each card in the deck is associated with a
number between 1 and 52.

Value

No.

Club Diamond Heart Spade No. V
A 1 14 27 40 1
2 2 15 28 41 2
3 3 16 29 42 3
4 4 17 30 43 4
5 5 18 31 44 5
6 6 19 32 45 6
7 7 20 33 46 7
8 8 21 34 47 8
9 9 22 35 48 9
T 10 23 36 49 10
J 11 24 37 50 11
Q 12 25 38 51 12
K 13 26 39 52 13

Suit S 1 2 3 4

It is usually easier to use a card number, C, as much
as possible to distinguish cards and then to use C to
find the value and suit of the card when needed. Given
a card number C, the corresponding suit number S is
given by S=INT((C— I ) 13)+ I. Verify this by trying
some examples from Figure 13.14. For example, if
C=26 (king of diamonds):

S IN I (25 1 3)- I
=l+l=2

Once you know S, the value number V can be
determined from the equation V=C— (S— 1)*13.
For example, if C = 2 6 , then S=2 and
V=26— (2— l)*l3= 13.

It is convenient to store all of the card numbers in an
array C%(1) (we will use an integer array to save
memory). This array can be initialized with these
statements:

DIM C%(52)
FORl=lTO52: C%(1)=1: NEXT

Thus, for example, C%(47)=47 and represents the
eight of spades.

Suppose you want to display the nineteenth card in
the deck. The card number is C%(19)= 19. The suit
number is

S IN I ((C%( 19) -I )/ 1 3)+ I
I N 1 1 1 8/ l3)+l

= 2

and the value number is:

V=C%(19)-(S-1)*13
=19-1*13
=6

Therefore, as defined in 13.14, the card is the six of
diamonds. To display this value, define the two strings
V$ and SS shown in Figure 13.15. Note that the
position of each value character in V$ corresponds to
the appropriate value number V in Figure 13.14.
Therefore, the single value character VIS corre¬
sponding to the value number V is given by
V1$=MIDS(V$,V,1). Similarly, the position of each
suit’s graphic symbol in SS corresponds to the
appropriate suit number S in Figure 13.14. Therefore,
the single suit character S1$ corresponding to the suit
number S is given by S1$=MID$(S$,S>1)-

US=",ft2345S789TJQK"

SS=”44W

Figure 13.15 Definition of the value string V$ and the
suit string S$.

These ideas are incorporated in the two subroutines
shown in Figure L3.16. The subroutine given by lines
3000-3050 sets up the deck by dimensioning and
initializing C%(I) and defining VS and SS. This
subroutine should be called once at the beginning of
any program involving playing cards.

The subroutine in lines 3100-3150 in Figure 13. 16
will find the value string V l$ and the suit string S IS of
the card located at position P in the array C%, that is,
the card with number C%(P). Lines 31 10-3120 define
the suit number S and value number V using the
formulas given above. Lines 3130-3140 find the single¬
character strings VIS and SIS.

In order to test these subroutines, type these
statements, as shown in Figure 1 3. 1 7:

GOSUB 3000
P=33: GOSUB 3100: ?V1$;S1$
P=52: GOSUB 3100: ?V1$;S1$
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Note that card number 33 is the seven of hearts, and
card number 52 is the king of spades, as shown in
Figure 13.14.

Figure 13.16 Subroutines to set up the deck (line 3000)
and pick a card at location P (line 3100).

3000 REFI PLAYING CARD SETUP
3010 DIM CX<52>
3020 FOR 1=1 TO 52 CX(I? =I NEXT
3030 V$“"R23456?89TJQK ''
3040 S$=" "
3050 RETURN
3100 REM PICK CARD AT LOCATION P
3110 S=INT ( CX (P)-1) 13)+1
3120 V=CXCP)-<S-1)*13
3130 V1$=MID$(V$, V, I?
3140 Sl$=Mm<S$, S.. 1,
3150 RETURN

READY.

SOSUB 3888
UEftPY
P=3360SUB 3188 SIS

HEADY .
P=52G0SUB 3188 ?U1$;SISt8
HEADY. .

Figure 13.17 Testing the subroutines given in Figure
13.16.

You can display the entire deck by adding the main
program shown in Figure 13.18. Line 20 sets up the
deck, and line 25 skips a line and initializes the
tabulation variable N. The FOR...NEXT loop in lines
30-60 increments P from I to 52, finds V1$ and S1$ for
the card at position P (line 40), and prints these value
and suit characters at tab N (line 50). Line 55 increases
the tabulation variable N by 6 to form a new column
and, if the value is greater than 19 (column 4), executes
a PRINT command to reset the cursor to the next line
and resets N to 1 . The result of running this program is
shown in Figure 13.19. Note that the cards are printed
in the order shown in Figure 13.14. In order to print
them in a random order, you must first shuffle the
deck.

Shuffling a Deck of Cards

To shuffle a deck of cards, all you have to do is to
scramble the order of the card numbers stored in the

Figure 13.18 Program to display an entire deck of
cards.

10 REM DISPLAY DECK
20 GOSUB 3000 REM SETUP DECK
25 PRINT Tl=i
30 FOR P=1 TO 52
40 GOSUB 3100:REM GET HEXT CARD
50 PRINT TAB(N) 1 V1$;S1$; REM DISPLAY CARD
55 H=N+£:IF N>13 THEN PRINT ; H=1
60 NEXTF'
100 END

READY.

RUN
ft* 2* 3* 4*
5* 6* 7* 8*
9* T* J* Q*
K* ft* 28 38
4* 58 68 19
88 9* T8 39
08. K8 A8 28
3# 48 58 68
78 88 98 T8
39 08 K8 A8
28 39 48 58
68 19 88 98
T8 39 88 K8

READY.

Figure 13.19 Result of running program shown in
Figure 13.18.

card array C%(I). The following simple algorithm will
do this:

for 1= 1 TO 52
find random number J between 1 and 52
interchange C%(I) and C%(J)

next I

This algorithm interchanges each element in C%(I)
with another element selected at random.

RND(l) is a random number with a value
greater than 0 and less than 1; therefore,
J=INT(52*RND(1)+1) will be a random integer
between 1 and 52.

A subroutine that will shuffle the deck while
displaying a blinking version of the word
“SHUFFLING” is shown in Figure 13.20. The
FOR...NEXT loop in lines 3220-3280 corresponds to
the for...next loop in the algorithm. Line 3260
interchanges C%(I) and C%(J). Each time through the
loop “S H U F F L I N G” is printed in line 3240. The
cursor is backspaced seventeen positions in line 3270,
using the cursor string B7$ defined in line 3210. This
will cause the word “S H U F F L I N G” to be printed
at the same location each time the loop is executed.
However, line 3230 turns on the reverse video every

123



other time through the loop. The reverse video is
turned off each time through the loop in line 3270
(half the time it is already off). This will produce a
blinking effect during the shuffling of the deck. Type in
this subroutine and try it.

Figure 13.20 Subroutine to shuffle a deck of cards.

3200 REM SHUFFLE DECK
3210 E7$="IMMNliNllHNiNNU"
3220 FOR 1=1 TO 52
3230 IF I INT(I/2)*2=0 THEN PRINT" 8" 1
3240 PRINT "S H U F F L I N 0";
3250 J=INT(52*RND(1)+1)

3260 T«CX <I) : CX <I)«CX <J) ; CX < J>=T
3270 PRINT B7$1"H"1
3280 NEXTI:RETURN

READ?.

RUN
.

74 74 64
K4 34 74 K4
54 24 A4 34
K4 T4 T4 94
J4 84 «4 84
84 A4 74 54
44 34 44 A4
34 34 94 T4
K4 J4 64 44
94 24 64 24
14 84 84 64
£_i Q4 J4 54
44 J4 Q4 54

READY.

Figure 13.23 Sample run of program shown in Figure
13.22.

In order to produce a “random” seed for the
random number generator (so that you will not deal
the same hands each time you power up your
Commodore 64/ VIC 20—see Chapter 4) you should
add the statement I=RND(—TI) to the card set up
subroutine as shown in line 3015 of Figure 13.21.

Add lines 27 and 28 shown in Figure 13.22 to the
main program given in Figure 13.18. This new
program will shuffle the deck and then display all the
cards. A sample run is shown in Figure 13.23.

Figure 13.21 Add line 3015 to the card setup
subroutine when using the random function RND,

3000 REM PLA?ING CARD SETUP
3010 DIM CX(52)
3015 I=RHD(-TI)
3020 FOR 1=1 TO 52 :CX(I)=I: NEXT-
3030 "A23456789TJQK "
3040 S$="(f'44*"
3050 RETURN
3100 REM PICK CARD AT LOCATION P
3110 S=INT( < CX (P)-1)/13)+1
3120 V=CX(P)-<S-1)*13
3130 V1$=MID$(?$,?,1)
3140 81$=MID$(S$,8, 1)
3150 RETURN

READ?.
Figure 13.22 Main program to display shuffled deck of
cards.
10 REM DISPLAT DECK
20 G0SUB 3000 : REM SETUP DECK
25 PRINT:N=1
2? GOSUE 3200 ; REM SHUFFLE DECK
28 PRINT :PRINT
30 FOR P=1 TO 52
40 GOSUE 3100 : REM GET HEXT CARD
50 PRINT THE(N> J V1$ J S1$C REM DISPLAT CARD
55 N=H+6 IF N>19 THEM PRINT
60 NEXTP
100 END

READ?.

Dealing a Hand of Cards

The program shown in Figure 13.22 can easily be
modified to deal a hand of cards. All you have to do is
divide the cards among a number of players and limit
the number of cards dealt to the desired number.

Let NP= number of players and NC= number of
cards per hand.

The first card dealt to each player can be displayed
on a single line with the statements:

50 P=1:PRINT
70 FOR J=1 TO NP
80 GOSUB 3100: REM DEAL NEXT CARD
90 PRINT V1$;S1$;SPC(2);

100 P=P+1
110 NEXTJ
Note that P points to the next card in the deck, and
subroutine 3100 finds the card at C%(P).

To deal NC cards to each player and display them
on succeeding lines, add these statements, as shown in
Figure 13.24:
60 FOR 1=1 TO NC

120 PRINT
130 NEXTI
In this program lines 30-40 allow the user to type in the
values NP and NC. Line 50 points to the top card of
the deck and skips a line. Lines 60-130 are the outer
FOR...NEXT loop that prints NC rows of cards. Lines
70-110 are the inner FOR...NEXT loop that deals NP
cards and displays them on one line. Line 100 points to
the next card in the deck after each one is dealt. The
PRINT statement in line 120 is necessary to move the
cursor to the beginning of the next line after each
round of cards is dealt. Two sample runs of this
program are shown in Figure 13.25.
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Figure 13.24 Program to deal a hand of cards.
10 REM DEAL HAND OF CARDS
20 GOSUB 3000 -REM SETUP DECK
25 PRINT
2? GOSUB 3200:REM SHUFFLE DECK
28 PRINT:PRINT
30 INPUT "ENTER NUMBER OF PLAYERS " i NP
40 INPUT "ENTER NUMBER OF CARDS PER HAND "INC
50 P=1:PRINT
60 FOR 1=1 TO NC
70 FOR J=1 TO NP
80 GOSUB 3100:REM DEAL NEXT CARD
90 PRINT vi$;si$;spc<2);
100 P=P+1
110 NEXTJ
120 PRINT
130 NEXTI
140 END

READY.

RUN

READY.

RUN

READY

2f
4«
Ji
2*
54
J4
3*
6f
74
TA
84
«4
5f

34
A4
Tf
If
4f
I*
94
34
94
64
44
84
'54

«f
7f
A4
34
Q4
T4
9*
44
24
84

34
44
34
64
Tf
14

Figure 13.25 Sample runs of program shown in Figure
13.24.

A4
T4
24
14
64
8f
A4
19
64
74
J4
74
14

ENTER NUMBER OF PLAYERS ? 2ENTER NUMBER OF CARDS PER HAND ? 6
A4
64
14
14
3f
34

ENTER NUMBER OF PLAYERS ? 4ENTER NUMBER OF CARDS PER HAND ? 13

also given (see Figure 13.14). If the card numbers are
sorted in ascending order, the cards will be sorted in
ascending order by suit, as shown in Figure 13.26b.
This illustrates the advantage of using card numbers to
represent playing cards inside the computer.

Figure 13.26 A hand of cards can be sorted by suit by
sorting the card numbers in ascending order.
Card Card No. Card No. Card

6H 32 2 2C
4D 17 3 3C
8D 21 6 6C
4S 43 17 4D
3C 3 21 8D
JS 50 32 6H
6C 6 35 9H
9H 35 43 4S
2C 2 50 JS

(a) (b)

In order to sort a hand, we will need to store the
card numbers for each card in the hand. We can store
these in an array. For convenience we will use a two-
dimensional array, H(I,J), in which each column will
contain the card numbers for a different player, as
shown in Figure 13.27. To sort all hands, we will need
to sort each column in ascending order.

Figure 13.27 Each column of the two-dimensional

The array H(I,J) must contain NC rows (number of
cards per hand) and NP columns (number of players).
Since we do not know what these values are until lines
30-40 in Figure 13.24 are executed, we will add the
following dimension statement at line 45: 45 DIM
H(NC,NP). Every time a card is dealt, we need to add
the card number to the array H(1,J) by adding the
statement 75H(I,J)=C%(P)asshown in Figure 13.28.
Note that this statement is inside the two nested

It would be nice if you could sort each hand by suit.
This is easier to do than you may think.

FOR...NEXT loops and that the array H(1,J) will be
filled one row at a time. In Figure 13.28 we have added
the one additional statement 135 GOSUB 200: REM

Sorting a Hand by Suit

Suppose that a hand contains the cards shown in
Figure 13.26a, where the card number for each card is

DISPLAY SORTED HAND where we will put
everything that we do not yet know how to do.

The subroutine at line 200 will have to sort each
column in H(I,J) in ascending order and then display
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Figure 13.28 Main program to deal a hand of cards
and then display the sorted hand.
10 REM DEAL HAND OF CARDS
20 GOSUB 3000:REM SETUP DECK
25 PRINT
2? GOSUB 3200:REM SHUFFLE DECK
28 PRINT:PRINT
30 INPUT"ENTER NUMBER OF PLAYERS ";NP
40 INPUT "ENTER NUMBER OF CARDS PER. HAND "INC
45 DIM H(NC>NP)
50 P=1:PRINT
60 FOR 1=1 TO NC
70 FOR J=1 TO HP
75 Ha,J>=CX<P>
80 GOSUB 3100:REM DEAL NEXT CARD
90 print vif;sii;spc<2>;
100 P=P+1
110 NEXTJ
120 PRINT
130 NEXTI
135 GOSUB 200:REM DISPLAY SORTED HAND
140 END

READY.

the corresponding cards. This subroutine is shown in
Figure 13.29. Line 205 prints the word “SORTING”,
so that if it takes a little time (it will) the user will
know what is going on. Line 210 will go toa subroutine
that will sort each column in H(I,J). The nested
FOR...NEXT loops in lines 220-260 are similar to the
ones in lines 60-130 of Figure 13.28 that displayed the
original hand. The subroutine at line 3100 will find the
card at position P in the array C%; that is, the card
with card number C%(P). This was useful in line 80 in
Figure 13.28 where we were incrementing P each time
through the loop. In Figure 13.29, however, we do not
know P, but we do know the card number—it is
H(I,J). Therefore, we would like to use the subroutine
at line 3100 to find the value of the card with card
number H(I,J). We must make C%(P) contain the
value H(1,J). Because the array element C%(0) is not
normally used but is available, we will use this location
to store H(I,J), as shown in line 240 in Figure 13.29.
Note that we must set P=0 so that the subroutine at
line 3100 shown in Figure 13.21 will use C%(0) as the
equivalent of H(I,J).

Figure 13.29 Subroutine to display the sorted hands of
cards.
200 REM DISPLAY SORTED HAND
205 PRINT : PRINT "SORTING " :PRINT
210 GOSUB 2000:REM SORT COLUMNS OF H
220 FOR 1=1 TO NC
230 FOR J=1 TO HP
240 P=0 : CX(0 > =H<I,J):GOSUB 3100
250 PRINT Y1$;S1$1SPC<2);
260 NEXTJ: PRINT : NEXTI: RETURN

READY.

We must now sort the columns of H(I,J) in
ascending order. If you study the sorting algorithm
that we developed in the last chapter (see Figure
12.10), you will note that all we have to do is apply this
same algorithm to each column of H(I,J). The
resulting algorithm is given in Figure 13.30. The
BASIC implementation of this algorithm is written as
a subroutine in Figure 13.31.

for J=1 TO NP
for 1=1 TO NC — 1

for K=l+1 TO NC
if H(I,J)<=H(K,J)
then do nothing
else interchange H(I,J) and H(K,J)

nextK
nextI

nextJ

Figure 13.30 Algorithm for sorting each column of
H(lJ) in ascending order.

Figure 13.31 Subroutine to sort each column of the
array H(lJ).

2000 REM SORT EACH COLUMN OF H(HC,NP)

2010 FOR J=1 TO NP
2020 FOR 1=1 TO NC-i
2030 FOR: K=I+1 TO NC
2040 IF H<I, J)OH(K,J) THEN 2060
2050 T=H(I,J) : H<I,J)=H<K.. J) :H(K, J)=T

2060 NEXTK : NEXTI: NEXTJ :RETURN

READY.

We have now written all of the subroutines needed
to run the program shown in Figure 13.28. A sample
run is shown in Figure 13.32. Note that each hand is
sorted by suit with the suits displayed in order (clubs,
diamonds, hearts, and spades).

If you were sorting a bridge hand, you would want
the ace to be high rather than low, and thus to be
placed after the king when displaying each suit. You
can do this in Exercise 13-4.

EXERCISE 13-1
Write a program that will accept a string AS and a
substring B$ from the keyboard, and then search for
the first occurrence of the substring B$ in AS. If a
match is found, the value of P should be set to the
position in AS of the first character of B$. (P=1
corresponds to the first character in AS.) If no match is
found, set P=0.
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aiHBUUUm
ENTER NUMBER OF
ENTER NUMBER OF

PLAYERS ? 6CARDS PER HAND ? 7
kk ft 4 Qk Q4 64 24Bt T4 Kt 9t 6k 5kSk 7k Qt 8k 4t Tkkk ft* Tt 4# Jt AtBk 2k J4 6* 84 5k
p* 44 6t 2t Tk 74pk 34 Jk 54 4k Ak
SORTING
24- A4 J4 54 64 24
9* 34 Jk Q4 84 74kit Qk 8* 4k At
Bt T4 6t 2t 6k 5k
8# Ak Tt 9t Tk Ak
9k 7* Qt 4k 4t 5k
Kk 2k Kt 6k Jt Tk
READY.

Figure 13.32 Sample run of the program shown in
Figure 13.28.

EXERCISE 13-2
Modify the program in Exercise 13-1 to find all
occurrences of B$ in AS. Store the locations of all
matches in the array P(I). A value of P(l)=0 will
indicate that there are no more matches in the string.

EXERCISE 13-3
Write a program that will replace all occurrences of the
substring B$ in AS with the substring C$. The program

should accept the string AS and the two substrings B$
and C$ from the keyboard.

EXERCISE 13-4
Write a program that will shuffle a deck of cards and
deal four bridge hands. (Each hand contains 13 cards.)
The four hands are to be sorted with the ace as the high
card in each suit.

EXERCISE 13-5
Some card games require the players to cut for the
deal, with either the high card or low card winning the
deal. Write a program that will allow N P players to cut
for the deal and will assign the deal to the player
cutting the highest card.

EXERCISE 13-6
Write a program that will print a check. The program
should allow the user to type in a name, address, date,
and check amount. Print the check in the form shown
below. Check to make sure that the amount is in the
range 0-9,999,999.00 and print leading asterisks in the
amount box on the check.

Exercise 13-6

PAY TO THE ORDER OF

JOHN DOE
1234 VIC DRIVE
ROCHESTER, Ml 48063

DATE

12/13/83

PAY THIS AMOUNT

******1,250.41 |
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LEARNING TO PEEK AND POKE

As you have learned, the Commodore 64/ VIC 20
contains a large number of memory locations that
are used to store the program and data. Some of
this memory is read/ write memory (RAM), some is
read-only memory (ROM), and some is special
input/ output memory that allows communication
with the outside world. This communication includes
getting data from the keyboard and writing and
reading data to and from a cassette tape and disk drive.

When writing a program in BASIC, you refer to a
memory cell by its name, such as A$ or C3. You do not
know exactly which memory location within the
Commodore 64/ VIC 20 contains the data in C3. The
BASIC interpreter automatically takes care of assign¬
ing these locations. However, in order to use the full
power of the Commodore 64/ VIC 20, you must
sometimes read and write data to specific memory
locations within the computer. In order todo this with
maximum flexibility and speed you must write the
program in assembly language.

You can, however, read and write data to specific
memory locations with BASIC by using the PEEK
and POKE statements. In this chapter you will learn
how:

1. data is stored in memory locations in the
Commodore 64/ VIC 20
2. to use the PEEK and POKE statements

3. to control the border, background, and char¬
acter colors of the screen
4. to use the alternate character set of the Commo¬
dore 64/ VIC 20, including some new graphic
symbols
5. to POKE graphic pictures directly on the
Commodore 64/ VIC 20 screen
6. to control the sounds produced by the Commo¬
dore 64/ VIC 20
7. to define your own graphic characters on the
Commodore 64/ VIC 20
8. to create Sprite graphics figures on the Commo¬
dore 64

THE PEEK AND POKE STATEMENTS

The 6510/6502 microprocessor, the “brain” of the
Commodore 64/ VIC 20 (see Figure 3.1), is an
integrated circuit chip that contains forty pins. It can
address a total of 65,536 memory locations (with
addresses between 0-65535), because sixteen of the
forty pins are used to form an address, and each of the
address pins can be either high or low (1 or 0). Thus an
address might be represented by the sixteen bits
0011010111000001. This binary number is equivalent
to the decimal number 13761 , so this memory location
would have an address of 13761. Since each of the
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sixteen bits in the address can be either al or a 0, the
total number of possible addresses is 216 = 65536. A
VIC 20 actually contains considerably less than this
maximum amount of memory, since it comes with
only 5K bytes and is ordinarily expanded in memory
by adding either 8K, 16K, or 24K RAM. The
Commodore 64 on the other hand actually has 65,536
RAM locations (64K). This is achieved by having
RAM and ROM share some locations and RAM,
ROM, and input /output devices share others. At any
time, each shared address is either RAM or ROM or
possibly an input/ output device but which it is
depends upon the contents of certain other nonshared
locations which are always RAM or ROM.

It is sometimes convenient to represent binary
numbers as hexadecimal numbers. This is not neces¬
sary when using BASIC, because the PEEK and
POKE statements use only decimal numbers. How¬
ever, if you want to program in assembly language,
then the use of hexadecimal numbers is essential.
Although you do not need to know about them for
anything in this book, a brief discussion of hexa¬
decimal numbers is given in Appendix D.

In addition to the sixteen address pins, the
6510/6502 microprocessor uses eight pins to transmit
and receive data. These pins are connected to all of the
memory chips in the Commodore 64 VIC 20. Thus,
data is moved between memory locations in groups of
eight bits called byres. The total number of different
values that a data byte can have is 2' = 256. Thus, data
in a memory location in the Commodore 64/ VIC 20
can have a value between 0-255. This relationship
between addresses and data is shown in Figure 14.1. In
this figure memory location 32768 contains a data
value of 255 (eight Is), and memory location 32769
contains a data value of 5.

You can find the data value stored in a particular
memory location by using the PEEK statement. You
can store a particular data value in a given memory
location (provided it contains a RAM cell) by using
the POKE statement.

Figure 14.1 Each address in the range 0-65535 points
to a memory location containing data in the range
0-255.

32775 I

32768

32769
Address 32768

255
000001_01_

5

Data=255

Data=5

1000000000000000 32770

32771

32772

32773

32774

_ Q9°21L1L
15

PEEK

The function PEEK(arWr) returns the data value
stored in the memory location with an address addr.
The value of addr must be in the range 0-65535. Try
printing some value of PEEK to see what you get. For
example, try thesestatements, asshown in Figure 14.2:
?PEEK(792)
?PEEK(770)
(These locations in your Commodore 64/ VIC 20 will
probably contain data values different from those
shown in Figure 14.2.)

?PEEK(792)
71

READV
7PEEKC770)
131

REftOV.

Figure 14.2 Memory location 792 contains the value 71
and memory location 770 contains the value 131.

Certain memory locations have particular mean¬
ings to the Commodore 64/ VIC 20. For example,
memory location 197 will have a value of 64 if no key is
being pressed. If a key is pressed, then memory
location 197 will have a value between 0 and 64
depending upon the position of the key on the
keyboard.

To see how this works, type and run this one-line
program: 10 ? PEEK(197) : GOTO 10. The data value
in location 197 will continue to be displayed and scroll
off the screen. Press several keys while the program is
running and watch the numbers change. Note that
when you are not pressing any key, the value displayed
is 64.

This fact can be used in programs if you want to
wait while a key is being pressed or until a key is
pressed. For example, the program shown in Figure
14.3 will cause a ball to bounce back and forth across
the screen as long as any key is pressed. When you
release the key, the ball will stop. Each time a new ball
is printed by lines 1 0 and 20, the subroutine in line 50 is
called. Line 50 will loop on itself if PEEK(197)=64,
that is, if no key is being pressed. As soon as you press
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a key, the program returns from the subroutine and
prints another ball. Study lines 10 and 20 and make
sure you understand how the ball moves. Line 10
moves the ball from left to right, and line 20 moves the
ball from right to left. Type in this program and run it.
On the VIC 20, change statement 9 to 9 WIDTH=22.

2 REM BOUNCING BALL
5 PRINT'WtT*;
9 HIBTH=4tr
IO FOR 1=1 TO WIOTH-1:PRINT" •IfiGOSUI50“HEXT * wwwvi

28 FOR 1=1 TO MlDTH-i:PRINT" HMr'iGO
B 50 NEXT '
30 GOTO 10
58 IF PEEKC197)=64 THEM 58
G8 RETURN
REABV.
RUM

Figure 14.3 PEEK(197) will be equal to 64 if no key is
being pressed.

POKE

Whereas PEEK allows you to read the data value in a
particular memory location, the statement POKE
addr,data allows you to store the value "delta"' in the
memory location “addr". For example, type these
statements as shown in Figure 14.4:

POKE 990,75
?PEEK(990)

Note that PEEK(990) verifies that you actually stored
the value 75 in memory location 990.

Figure 14.4 POKE 990,75 stores the value 75 in
memory location 990.

’OKE 990,75
-EABV.
PEEKC998)
75
NEADV.
I

On a VIC 20 as it comes from the factory, the 506
memory locations 7680-8185 arc special locations
called the TV RAM. These 506 locations contain the
special codes corresponding to the 506 characters
(23 X 22) that are displayed on the VIC’s video screen.
(A blank is a character with its own special code.) If
you have a VIC 20 with a memory expansion, then the
TV RAM is automatically changed to the 506
locations 4096-4601. On the Commodore 64, the TV
RAM is contained in the 1000 locations from 1024 to
2023. These 1000 locations contain the special codes
corresponding to the 1000 characters (25 X 40) that are
displayed on the Commodore 64’s video screen.

On an unmodified VIC 20, memory location 7680
corresponds to the upper left-hand corner of the
screen, and the memory addresses increase along each
screen row. On a VIC 20 with a memory expansion,
the situation is the same except that memory location
4096 corresponds to the upper left-hand corner of the
screen. Similarly, on a Commodore 64, memory
location 1024 corresponds to the upper left-hand
corner of the screen, and the memory addresses
increase along each screen row.

In each case, if you POKE a value to one of the
addresses in the TV RAM, the character corre¬
sponding to this value will appear on the screen. To see
this, use your cursor controls to scroll the screen until a
nonblank character can be seen in the upper left-hand
corner. Then move the cursor to the middle of the
screen and type whichever of the following is appro¬
priate:

POKE 1024,83

POKE 7680,83
POKE 4096,83

(if you have an unmodified VIC 20)
(if you have a VIC 20 with a memory
expansion
(if you have a Commodore 64)

Y ou should now see the heart graphic character in the
upper left-hand corner of the screen.1his is because 83
is the special code for a heart, and you POKEd it into
the first location of the TV RAM. We will see how this
technique can be used to draw complete pictures later
in this chapter.

The reason we began the above by moving a
nonblank character to the upper left-hand corner of
the screen is to makecertain the heart character would
appear when we POKEd its special code there. If the
upper left-hand corner had been blank to start with,
POKEing the code fora heart would not have changed
anything. This is because the way the Commodore
64/ VIC 20 makes a screen cell blank is to change the
character color for that cell to be the color of the
background of the screen. Thus, changing only the
code of the character has no effect. To see this, try
poking a heart character into the upper left-hand
corner when it is initially blank.
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On a VIC? 20 without a memory expansion, the 506
memory locations 38400-38905 are special locations
called the COLOR RAM. These 506 locations contain
special codes that determine the color of the corre¬
sponding 506 characters that are displayed on the
VIC’s video screen. Location 38400 corresponds to the
upper left-hand corner of the screen, and the memory
addresses increase along each screen row. On a V I ( 20
with a memory expansion, the COLOR RAM is
automatically moved to the 506 memory locations
37888-38393. In this case, location 37888 corresponds
to the upper left-hand corner of the screen. On the
Commodore 64, the COLOR RAM is contained in the
1000 locations from 55296 to 56295. In this case,
location 55296 corresponds to the upper left-hand
corner of the screen, and the memory addresses
increase along each screen row.

On a VIC 20, each character on the screen will be
one of eight colors depending upon the code stored in
the corresponding cell of the COLOR RAM. The
colors and their codes are shown in Figure 1 4.5a. On a

Figure 14.5a Commodore Standard Eight-Color Codes.

COLOR POKE CODE
8
1
2
3
4
5
6
7

Figure 14.5b Commodore Standard Sixteen-Color
Codes.

BLACK
WHITE
RED
CYAH
PURPLE
GREEH
BLUE
YELLOW
ORAHGE

8
i
2
3
4
5
6
7
8
9
18
11
12
13
14
15

COLOR POKE CODE

LT. RED
GRAY 1
GRAY 2
LT. GREEH
LT. BLUE
GRAY 3

Commodore 64, each character on the screen will be
one of sixteen colors depending upon the code stored
in the corresponding cell of the COLOR RAM. The
colors and their codes for the Commodore 64 are
shown in Figure 14.5b.

The color of any character on the screen can be
changed by POKEing the corresponding location in
the COLOR RAM with a color code. To see this, use
your cursor controls to scroll the screen until a
nonblank character can be seen in the upper left-hand
corner. Then move the cursor to the middle of the
screen and type whichever of the following is appro¬
priate:

POKE 38400,5
POKE37888,5

POKE 55296,5

(if you have an unmodified VIC 20)
(if you have a VIC 20 with a memory
expansion)
(if you have a Commodore 64)

The color of the character in the upper left-hand
corner of the screen should now be green. Ifyouhavea
VIC 20, repeat this exercise and POKE each number
between 0 to 7 into either location 38400 or 37888,
whichever is appropriate, and record the results. If you
have a Commodore 64, POKE each number between 0
and 15 into locations 55296 and record the results. In
each case, you will make the character in the upper
left-hand corner turn all possible colors.

It is also possible to modify both the border and
background colors of the screen by POKEing values
into appropriate memory locations. In the VIC 20 the
memory location 36879 controls both the border and
background colors. In this case, the border color can
be any of the eight colors shown in Figure 14.5a and
the color codes shown there apply. The background
color, however, can be any of the sixteen colors shown
in Figure 14.5b and the color codes shown in Figure
14.5b apply. To choose a combination of border and
background colors, let BO be the appropriate color
code 0-7 for the border as shown in Figure 14.5a and
let BK be the appropriate color code 0-15 for the
background as shown in Figure 14.5b. We choose the
combination of colors with the statement

POKE 36879,16*BK+BO+8

To see this, type in the following program and run it,
entering appropriate color codes from the keyboard.

10 INPUT BK,BO
20 POKE 36879,16*BK+BO+8
30 GOTO 10

On the Commodore 64, memory location 53280
controls the border color and memory location 53281
controls the background color of the screen. Either
color may be any of the sixteen colors shown in Figure
14.5b and the color codes shown there apply. To see

131



this, type in the following program and run it, entering
appropriate color codes from the keyboard.

10 INPUT BK,BO
20 POKE 53280,BO:POKE 53281,BK
30 GOTO 10

EXERCISE 14-1
Write a program for your computer that will blank the
screen and then display in sequence all possible
combinations of border and background colors.
Introduce a suitable viewing delay using a
FOR...NEXT loop.

EXERCISE 14-2
Write a program for your computer that will fill the
screen with graphic hearts and display them with a
randomly-chosen combination of border, back¬
ground, and character colors (using the same color for
all the hearts).

EXERCISE 14-3
To the program of Exercise 14-2, add a loop that 50
times will randomly choose a combination of border,
background, and character colors and display them.

ALTERNATE CHARACTER SET

When you press a letter key, the Commodore 64/ VIC
20 will display a capital letter. When you press the
same key while holding the SHIFT key down, the
Commodore64/ VIC 20 will display one of the graphic
symbols. This is the standard character set that is
available when you power up the Commodore 64/
VIC 20.

The Commodore 64/VIC 20 also contains an
alternate character set that produces lower case letters
instead of graphic symbols. You can change to this
alternate character set from the keyboard by pressing
the TOGO and SHIFT keys together. Pressing the
LOGO and SHIFT keys together again will change
back to the standard character set. Start with a screen
containing lots of characters and try this.

You can also change to the alternate character set
by typing

POKE 36869,242 (if you have an unmodified
VIC 20)

POKE 36869,194 (if you have a VIC 20 with a
memory expansion)

POKE 53272,23 (if you have a Commodore 64)

To return to the standard character set, type

POKE 36869,240 (if you have an unmodified
VIC 20)

POKE 36869,192 (if you have a VIC 20 with a
memory expansion)

POKE 53272,21 (if you have a Commodore 64)

In order to illustrate this, clear the screen and if you
have an unmodified VIC 20 type

POKE 36869,242
? “this is lower case”

and if you have a VIC 20 with a memory expansion,
type:

POKE 36869,194
? “this is lower case”

If you have a Commodore 64, clear the screen and
type:

POKE 53272,23
? “this is lower case”

The result in the case of the Commodore 64 is shown in
Figure 14.6.

poke 53272,23

ready.
? "this is lower case"
this is lower case
ready.

Figure 14.6 POKE 53272,23 changes a Commodore 64
to the alternate character set (lower case).

Now, type whichever of the following is appro¬
priate:

POKE 36869,240

POKE 36869,192

(if you have an unmodified
VIC 20)
(if you have a VIC 20 with a
memory expansion)

POKE 53272,21 (if you have a Commodore 64)

Figure 14.7 shows what happens on the Commodore
64. Note that this changes back to the standard
character set, and the lower case letters that you typed
are changed to upper case. This shows that the same
screen codes are interpreted differently depending
upon whether the computer is in graphics or lower case
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Figure 14.7 POKE 53272,21 changes a Commodore 64
back to the standard character set (graphics).

»OKE 53272,23

IEADY.
> "THIS IS LOWER CASE"
FHIS IS LOWER CASE
tEADY.
»OKE 53272,21

character mode. The same result happens on the
VIC 20.

The Commodore 64/ VIC 20 has two other char¬
acter sets that you arc already familiar with. To see
this, make sure the screen has lots of characters and
type whichever of the following is appropriate:

POKE 36869,241 (if you have an unmodified
VIC 20)

POKE 36869,193 (if you have a VIC 20 with a
memory expansion)

POKE 53272,22 (if you have a Commodore 64)

What character set do you see now? You should see the
standard graphics characters in reverse video. Next,
type whichever of the following is appropriate:

POKE 36869,243

POKE 36869,195

POKE 53272,24

(if you have an unmodified
VIC 20)
(if you have a VIC 20 with a
memory expansion)
(if you have a Commodore 64)

What character set do you sec now?

New Graphic Symbols

When you use the alternate character set, the graphic
symbols on the special character keys and the left
graphic symbols on the letter keys are still available.
Most of them are the same as they were before, but
some new ones have been added. The four new graphic
symbols are shown in Figure 14.8 and can be displayed
by typing:

SHIF T 77

LOGO *
SHIM £
SHIFT @

Try these. Remember you must first enter LOGO and
SHIFT together or type POKE 36869,242 (POKE
36869,194 if you have a memory expansion) on the
VIC 20 or POKE 53272,23 on the Commodore 64 in
order to see these.

keys ch print
— nn .m.-w w» on im mi m.h - -

shift pi % chr$(126)

logo » $ chr«127)

shift £ % chrtUSS)

shift £ f chr«lS6)

Figure 14.8 Four new graphic symbols are available in
the alternate character set.

The ASCI1 codes for these four graphic symbols are
126, 127, 169, and 186. The CHR$function canalso be
used to display these (or any other) graphic symbols,
as shown in Figure 14.9.

Figure 14.9 The function CHR$(A) can be used to
display a character with ASCH code A.

PchrS(126>

ieady.chr5(127)

eady.
chr5(169)

eady.chrl<186)

eady.

The new graphic symbols with ASCII codes 1 26,
1 27, and 1 69 are particularly useful for making bar
graphs. We will use these three symbols for inflation,
unemployment, and growth in the “economy” bar
graph shown in Figure 10.30 for the Commodore 64
and Figure 10.31 for the VIC 20. We can make this
change by changing the definitions of the graphic
symbols in lines 15 and 1 6 of the program in Figure
10.27, as shown in Figure !4.l0a for the VIC 20 and

133



Figure 14.10a Main program for plotting economy bar
graph on the VIC 20 using new graphic symbols.
10 REM THE ECONOMY
11 PRINT "El"
13 P0KE 36869,242
15 II$=CHR$(126) :U1$=CHR$(163) : G1i=CHR$(1
16 12$=11$ M2$=M1$ = M3$=" IMS"
20 DRTR 4.7,7.8.4.8.2.8
30 DRTR 6.8.7,5.8, 4. 5
40 DRTR 9.. 6, 4.9,3. 4
50 DRTR 13. 3,5.8,0.8,-.8
65 X-0
70 FOR J=1 TO 4
80 GOSUB 200- REM PLOT 4 ERRS
90 NEXTJ

• i'iiT=" a

RERDY.
Figure 14.10b Main program for plotting economy bar
graph on the Commodore 64 using new graphic
symbols.
10 REM THE ECONOMY
11 PR WIT
13 PUKL. -03 i?ci .' ci3
15 11$=CHR$ <126) = U1$-CHR$ < 169) • G1$=CHR$ < 127) = M1$=" 8
16 12$=11$: 02$=U1$ : G2$=G1$ : MS#™" hm" : M3$=" HiWS"
20 DRTR 4.7,7.8,4.8,2.8
30 DRTR 6.8,7,5.8, 4.5
40 DRTR 9.6,4.9,3. 4
50 DRTR 13. 3,5.8,0.8,-.8
60 DRTR 18.2,6.2,1.7,-.5
65 X=0
70 FOR J=1 TO 5
80 GOSUB 200 : REM PLOT 4 ERRS
90 NEXTJ
100 GOSUB 600:REM PRINT HERDING & SCALE
150 GOTO 150

RERDY.

Figure 14.10b for the Commodore 64. Note that we
also had to add the line numbered 13 in each case in
order to change to the alternate character set. If you
have a VIC 20 with a memory expansion, change this
line to read 13 POKE 36869,194.

We must also change lines 650-680 in Figure 10.29
as shown in Figure 14.11 so as to remove the character
color symbols in each of these statements. The result of
running these new programs is shown in Figure 14.12
for the VIC 20 and Figure 14.13 for the Commodore
64. Note that the letters in the caption are lower case
even though they are upper case in the program
listings. Again, this is due to the fact that we have
changed to the lower case character set and the same
character codes are interpreted differently in graphics
and lower case modes. In particular, the screen codes
for upper case letters in graphics mode become the
screen codes for lower case letters in lower case mode.

Figure 14.11 Lines 650-670 have been changed so as to
remove the color character symbols.
630 PRINT"SWirrHE ECONOMY "
640 PRINT
650 PRINT 11$;Il$; " INFLRTION"
660 PRINT Ul$iUl$J" UNEMPLOYMENT"
670 PRINT G1$;G1$;" GROWTH IN GNP"
680 PRINT M1$;M1$;" PERSONAL INCOME"

RERDY.

POKING GRAPHIC PICTURES

Recall that the Commodore 64 screen has 1000 print
locations organized as a 25 X 40 grid (see Figure 9.4).
As you learned earlier, each of these 1000 print
locations is associated with a particular memory
address in the Commodore 64’s TV RAM. The
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Figure 14.12 Bar graph of economic data on the VIC
20 using the new graphic symbols.

the econoMv

IKinflation
K anewlogwent
s growth in gnp
I personal intone

1976 1977 1978 1988

Figure 14.13 Bar graph of economic data on the
Commodore 64 using the new graphic symbols.

memory address contains the code for the character
displayed at the corresponding screen location. The
upper left-hand corner of the screen is address 1024,
and the addresses increase by one along each row as
shown in Figure 14.14.

Since each row on the screen contains forty print
locations, the difference between the address of one
screen location and that of the location directly below
it will be 40. By numbering the rows Y from 0 to 24 and
the columns X from 0 to 39, the address of the screen
location X,Y can be calculated from the equation

Address = 1024 + 40 X Y + X

For example, as shown in Figure 14.14, the screen
location at X=25, Y=5 has the address

Address = 1024 + 40 X 5 + 25
= 1024 X 200 + 25
= 1249

Recall that the VIC 20 screen has 506 print
locations organized as a 23 X 22 grid. Each of the 506
print locations has an associated memory address in
the VIC 20’s TV RAM. This memory address contains
the code for the character to be displayed at the
corresponding screen location. The upper left-hand
corner of the screen is address 7680 or 4096 depending
upon whether or not the VIC 20 has a memory
expansion. Since each row on the screen contains
twenty-two print positions, the difference between the
address of one screen location and the location directly
below it is 22. By numbering the rows Y from 0 to 22
and the columns X from 0 to 21, the address of the
screen location can be calculated from the equation

Address = 7680 + 22 X Y + X

for an unmodified VIC 20 or

Address = 4096 + 22 X Y + X

Figure 14.14 Each print location on the Commodore
64 screen has a unique memory address associated with it.
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if the VIC 20 has a memory expansion.Theseformulas
and that for the Commodore 64 can be combined to
read

Address = BASE + WIDTH X Y + X

where

7680 for an unmodified VIC 20
BASE= 4096 for a VIC 20 with a memory expansion

1024 for a Commodore 64

and

WIDTH = [ 22 fOF a VIC 20
( 40 for a Commodore 64

BASEsl824
READY.
2ASC(”•**>
211

READY.
?PEEK<BASE>
83

READY.

PEEK/POKE Codes

If you know the X and Y coordinates of a location
where you want to print a character, you can calculate
the address using the above formula and then POKE
the special character code at this address. However,
the special character code you must POKE is not the
ASCII code, but a different PEEK/POKE code. To
see this, clear the screen and type a heart graphic
followed by a spade graphic in the upper left-hand
corner of the screen using the keyboard. Then press
RETURN and type these statements, as shown in
Figure 14.15a.

BASE=address given above for your computer
?ASC(“SHIFT S”)
?PEEK(BASE)
POKE BASE+1,83

The ASCII code for the heart is 211, while the
PEEK/POKE code is 83. POKEing an 83 to location
BASE+ 1 will change the spade graphic to a second
heart as shown in Figure 14.15b.

To find out what the PEEK/ POKE codes are for all
of the keys, you can write a program that will print
whichever key you press at a known screen location
and then PEEK that address. A program to do this is
shown in Figure 14.16. The values of BASE and
WIDTH shown in line 12 are for a Commodore 64.
The values must be changed as described above for an
unmodified VIC 20 or a VIC 20 with a memory
expansion.

For the given values of X and Y, line 40 moves the
cursor to that screen position using the usual “Move to
X,Y” subroutine and calculates this screen address,
SA. Line 50 is the usual GET loop waiting for a key to
be pressed. Line 60 prints the character that was
pressed and then prints the PEEK/POKE code by
PEEKing the character that was just displayed. The
nested FOR...NEXT loops in lines 20-70 will cause

Figure 14.15 The PEEK/POKE codes are not the same
as the ASCII codes.

5^^1624
?AS?<"f")
211

READY.?PEEK(BASE)
83
EADY.
OKE BASE+1,83
EADY.

three values to be printed on a VIC 20 or five values on
a Commodore 64 on each of eleven rows before the
program stops. A sample run of this program is shown
in Figure 14.17. A complete list of all PEEK/POKE
codes is given in Appendix C.

Figure 14.16 Program to print the PEEK/POKE code of
whichever key is pressed.
10 REM PRINT POKE CODES ON SCREEN
12 BRSE=1024:HIHTH=40
15 PRINT"CK" J
20 FOR V=1 TO 21 STEP 2
30 FOF? X=0 TO NIHiH-1 STEP S
40 GOSUB 500 = SH~BFiSE+2I.DTH*,r'+X
50 GET FIT : IF THEN 50
60 PRINT A$;PEEK<SA>;
70 NEXT X ; NEXT?
«0 GOTO 80
500 REM MOVE TO X.. V
510 PRINT'K"; : IF ?=0 THEN 530
520 FOF? 1=1 TO ?:PRINT: NEXT
530 PRINT SPCCX); : RETURN

READ?.
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1 8 2 C 3 D 4 E 5 2 129 Ui 138 a i3i is 132 a 133
49 2 58 3 51 4 52 5 53 Ma 177 a 178 B 179 & 188 S 181

65 8 83 98 4 88 % 1920• t jL w .. Li 211 C 218 K 216 g 238
86 F 185 195 •81 0 8? ? 214 4 233 K 223 0 289 S 215

Figure 14.19 Some reverse video PEEK/POKE codes
found by running the program of Figure 14.18 (see
complete list of PEEK/POKE codes in Appendix C).

Figure 14.17 Some PEEK/POKE codes found by
running the program of Figure 14.16 (see complete list
of PEEK/POKE codes in Appendix C).

One difference between the ASCII codes and the
PEEK/POKE codes involves reverse video char¬
acters. The RVS and OFF keys have ASCII codes IS
and 146, respectively. Therefore, CHR$(l8) and
CHRS(146) can be used in a PRINT statement to turn
the reverse video on and off. However, all reverse
video characters have unique PEEK/ POKE codes and
can therefore be POKEd directly on the screen.
Reverse video characters do not have unique ASCII
codes and can be PRINTed using the standard ASCII
codes only after the reverse video has been turned on.

To find the reverse video PEEK/POKE codes,
change line60 in Figure 14.16 to turn the reverse video
on before AS is printed and off after it is printed, as
shown in Figure 14.18. It turns out that the reverse
video PEEK/POKE code is always the normal
PEEK/POKE code plus 128. This can be seen in the
sample run of the program shown in Figure 1 4. 1 9.

Figure 14.18 Program to print the reverse video
PEEK/POKE code of whichever key is pressed.
IB REM PRINT POKE CODES UH SCREEN
12 BHSE=1024 RIDTH=40
15 PRINT "EM" ;
20 FUR ‘-0=1 Tu 21 STEP 2:
30 FAJR 2=0 TO MIDTH-1 STEP 8
40 G SUB 500 = SR=BflSE+UIDTH*V+N
50 GET Hi- IF THEN 50
60 PRINT " a" fl$ !' Hi" PEEif < Sfl >
70 NEETN : HENFT
Su GOTO SO
500 REM MOVE TO 2.. t

510 PRINT "ST1, : IF V=0 THEN 530
520 FOR 1=1 TO /TAHITI : HEFT
530 PRINT SPOOF; : RETURN

REflDr .

How to POKE a Picture

In order to POKE a picture on the screen, you must
POKE each graphic symbol into the appropriate
screen location in the TV RAM and POKE the desired
color into the corresponding location of the COLOR
RAM. Suppose that you want to draw a rectangular
picture that is H rows high and W columns wide, as
shown in Figure 14.20. The PEEK/POKE codes for
each element in the picture are stored in a two-
dimensional integer array P%(I,J) where I has values
between 0 and H-l and J has values between 0
and W-l.

The upper left-hand corner of the picture is to be
located at position X,Y on the screen. Therefore, the
base address BS of this element in the picture is given
by BS = BASE + WIDTH * Y + X, where

' 7680 for an unmodified VIC 20
BASE= 4096 for a VIC 20 with a memory expansion

. 1024 for a Commodore 64
(22 for a VIC 20

WIDTH = (40 for a Commodore 64

The screen address A of any element in the picture can
be calculated relative to this base address by using the
formula A = BS + WIDTH*I + J as shown in Figure
14.20. Drawing the picture then involves POKEingall
values of P%(I,J) into the appropriate screen ad¬
dresses.

However, we still need to POKE the correct colors
for the picture. To do so, we note that each location of
the TV RAM has an associated location in the
COLOR RAM. The code in the former determines the
character displayed at the corresponding location on
the screen and the code in the latter determines its
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color. Let CBASE be the starting address in the
COLOR RAM. That is, let

/38400 for an unmodified VIC 20
CBASE =< 37888 for a VIC 20 with a memory

expansion

'55296 for a Commodore 64

If A is a location in the TV RAM and B is the
corresponding location in the COLOR RAM, we see
that

B — CBASE = offset from start of COLOR RAM
= offset from start of TV RAM
= A - BASE

In other words, B = A + CBASE- BASE. Therefore,
when we POKE a screen code into address A of the TV
RAM, we can control the color of the same screen
location by POKEing the desired color code into
location B = A + CBASE - BASE of the COLOR
RAM.

The subroutine of Figure 14.21 POKEs an H X W
picture whose screen codes are stored in an integer
array P%(I,J) into the TV RAM and, at the same time,
POKES a fixed color number C into every picture
location in the COLOR RAM. Note that the picture
can be moved anywhere on the screen by changing the
values of X and Y. The values shown for BASE and
CBASE are for a Commodore 64. They must be
changed as discussed above for an unmodified VIC 20
or a VIC 20 with a memory expansion. The color
number C=5 corresponds to green.

Figure 14.20 The array P%(I,J) contains the PEEK/POKE
codes for a picture of width W and height H.

X Base Address BS=BASE+WIDTH*Y+X

Screen Address A=B+WIDTH* l+J

As an example of using this subroutine we will
POKE the king shown in Figure 4.23 in Chapter 4. The
first step is to look up the PEEK / POKE codes for each
element in the picture from the tables in Appendix C.
Enter these codes into a matrix in the shape of the
picture, as shown in Figure 14.22.

Each row in Figure 14.22 can then be stored in a
DATA statement and read into the array P%(I,J) as

shown in lines 1 10-130 of the program in Figure 14.23.
The DATA statements are shown in Fig. 14.26a.
Line 140draws this picture at location X= 10, Y=5, by
calling the subroutine shown in Figure 14.21. The re¬
sult of running this program is shown in Figure 14.24.

Figure 14.21 Subroutine that POKEs an H X W picture
P%(I,J) at location X,Y,
4000 REM POKE H X H PICTURE PXd.J) AT X/f
4005 BRSE=1024 : WIDTH=40 : CEASE=5525I6 ; C=5
4010 BS=EASE+14IDTH*Y+X
4020 FOR 1=0 TO H-l
4030 FOR J=0 TO W-l
4040 A=BS+HIDTH*I+J:POKE. Fl,PX(I,J)
4050 B=fi+CBRSE-BRSE : POKE B,C
4060 HEXTJ:HEXTI RETURN

READY

139 160 160 160 160 160 160

160 160 223 32 32 223 160

160 160 231 160 32 160 160

160 105 32 32 32 124 160

160 32 32 32 32 32 160

160 123 32 32 103 233 160

160 160 32 231 160 160 160

160 105 32 32 95 160 160

160 160 160 160 160 160 139

Figure 14.22 The PEEK/POKE codes for the king.

Figure 14.23 Main program to POKE a king.
100 REM POKE Fl KING
105 PRINT"!]"
107 H=3 : 14=7 : DIM PX <H-1,N-1)
110 FOR 1=0 TO H-l
120 FOR J=0 TO 14-1
130 READ PX(D J) : NEXTJ = NEXTI
140 X=10; Y=5 : GOSUB 4000
150 END

READY.

Figure 14.24 Result of running the program in Figure
14.23.
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Multiple pictures can be stored in a three-dimen¬
sional array with one picture being stored in each
plane of the array, as shown in Figure 14.25. The

PEEK/ POKE codes used to draw a king, queen, and
jack are shown in Figure 14.26.

The subroutine shown in Figure 14.21 must be
modified to POKE the values in P%(l,J,K)as shown in
Figure 14.27. The main program shown in Figure
14.28 reads all of the data in Figure 14.26 and then
draws the jack ( K= 2) in line 140, the queen (K= 1) in
line 150, and the king (K=0) in line 160. Line 105 prints
the message “I’M THINKING!’’because it takes a few
seconds to read all of the DATA statements before any
picture is displayed. The result of running the program
in Figure 14.28 is shown in Figure 14.29.

I
K=2
JACK

K=1
QUEEN

K=0
KING

J

Figure 14.25 The three-dimensional array P%(I,J,K) can
store a different picture for each value of K.

Figure 14.26 (a) PEEK/POKE codes for the king stored
in P%(I,J,O). (b) PEEK/POKE codes for the queen
stored in P%(IJ,1). (c) PEEK/POKE codes for the jack
stored in P%(IJ,2).

(a) 260 DATA
210 DATA
220 DATA
230 DATA
240 DATA
250 DATA
260 DATA
270 DATA
280 DATA

139 j 160,. 160, 160, 160, 160, 160
160,160,223,32,32,233,160
160, 160,231,160,32, 169, 169
160,105,32,32,32,124, 160
160,32,32,32,32,32, 169
160, 123,32,32,103,233, 160
160, 160,32,231, 160, 160, 160
160,105,32,32,95,160,160
160, 160,160, 160,160,160,139

READ?.

(b) 300 DATA
310 DATA
320 DATA
330 DATA
340 DATA
350 DATA
360 DATA
370 DATA
380 DATA

145, 160, 160, 160, 160, 160, 160
160, 160,233,208, 160, 160, 160
160,105,221,160,244,160,160
160,32,32,32,32,251,160
160,32,32,32,32,32,160
160,252,32,32,32,32,160
160,160,246,229,212,233, 160
160,160,231,204,105,160,160
160,160, 160, 160,160,160, 145

READY.

400 DATA 138,160,160,160,160,160,160
410 DATA 160,160,223,32,233,160,160
420 DATA 160,229,246,231, 160, 160, 160
430 DATA 160,229,32,32,32,231,160
440 DATA 160,229,32,32,32,231, 160
450 DATA 160,229,32,32,32,231,160
460 DATA 160,160,160,229,225,231,160
470 DATA 160,160,105,32,95,160,160
480 DATA 160,160,160,160,160,160,138

READY.

Figure 14.27 Subroutine to POKE picture K in the
array P%(IJJK).

4000 REM POKE HXW PICTURE PXCI,J,K) AT X,Y
4005 BASE=1024: WIDTH=40 : CBASE=55296 C=5
4010 Bb=BASE+WIDWY+X
4020 FOR 1=0 TO H-T
4030 FOR J=0 TO W-l
4040 A=BS+WIDTH*I+J:POKE A,PX<I,J,K)

4050 B=A+CBASE“BRSE:POKE B,C
4060 HEX T J:HEXTI: RETURH

READY.

Figure 14.28 Main program that displays a jack, queen,
and king.
100 REM POKE A JACK, QUEEN, & KING
105 PRINT " M THINKING ! "
107 H=9 H=7- DIM PX(H-1,H 1,2)
108 FOR K=0 TO 2
110 FOR 1=0 TO H-l
120 FOR J=0 TO W-l
130 READ PX <I,J,K) : NEXTJ:HEX TI:HEX T K
140 X=0 : Y=5 :K=2 ; GOSUB 4000
150 X=7 : Y=7-K=l = GOSUB 4000
160 X=14:Y=9:K=0:GOSUB 4000
180 END

READY.

Figure 14.29 Result of running the program in Figure
14.28.
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MAKING SOUNDS WITH THE VIC 20

The effectiveness of your programs can be greatly
enhanced by adding sound effects. Both the VIC 20
and Commodore 64 can produce a variety of sounds
through the speaker of the television set used for
display or an auxiliary sound system. The sounds are
controlled by PEEKingand POKEing addresses in the
memory. However, the sound systems of the two
computers are quite different. In fact, the sound
capability of the Commodore 64 is much more
sophisticated than that of the VIC 20. Consequently,
we will discuss making sounds on the VIC 20 in this
section and take up making sounds on the Commo¬
dore 64 in the next section. Commodore 64 users can
skip this section and VIC 20 users can skip the next.

The VIC 20 has four voices, each having approxi¬
mately a three octave range. The waveform of the
voices 0, 1, and 2 is a squarewave (pulsing on and off)
which produces a woodwind/ organ sound. Voice 3
has a white noise waveform which makes a hissing
sound that is useful for percussion sounds and sound
effects.

The pitch of voices 0, 1,2, and 3 is determined by
POKEing a value in the approximate range 130-250
into addresses 36874, 36875, 36876, and 36877,
respectively, as shown in 14.30. Voices 0, 1, and 2 are
staggered in pitch with each successive voice being one
octave higher than the previous one. Thus, they can be
thought of as tenor, alto, and soprano voices,
respectively. By switching voices, it is possible to make
music sounds over a five octave range. Only voice 0
can produce the lowest octave and only voice 2 can
produce the highest.

The volume of all four voices is determined by
POKEinga value between 0 and 15 into address 36878.
For convenience, we have assigned the voice number 4
to volume in Figure 14.30 even though it is not really
another voice.

Figure 14.30 POKE Addresses for Making Sounds on
the VIC 20.

UOICE SOUND POKE LOC.
mm — MW Mw w.mbMM m

8 TENOR 36874
1 ALTO 36875
2 SOPRANO 36876
3 NOISE 36877
4 VOLUME 36878

Producing a Tone

Figure 14.31 contains a program for producinga series
of single notes on the VIC 20. The subroutine at line
500 POKEs pitch P into voice V for a duration D. The
values for V, P, and D are specified outside the
subroutine. Line 15 calls this subroutine with V=4,
P=15, and D=0. This serves to set the volume of all
voices to the maximum possible value, 15. Line 20
allows the user to select values for V, P, and D from the
keyboard. After playing the specified note, the main
program loops back to line 20 so that another note can
be selected.

In order to try out some notes, turn up the volume
on your TV set and type in the program of Figure
14.31. In general, when choosing the sound param¬
eters, V should be between 0 and 3, P between 130 and
250, and D between 1 and 5000. Choosing P=0 and
D=0 will turn off voice V. Try producing pitches 130,
190, and 250 for duration 1000 on each voice in turn.
Be sure to try voice 3.

Figure 14.31 Program to produce tones by voice V on
pitch P for duration D.
10 REM MAKING SOUNDS
15 V=4:P=15:D=0:GOSUB 500
20 INPUT "VOICE.. PITCH, AND DURATION"iV,P,D
25 G0SUB 500
30 P=0 : D=0 : GOSUB 500
40 GOTO 20
500 REM MAKE NOTE V=V0ICE P=PITCH D=DURATION
505 V1=36874+V ;POKE V1,P
510 FOR 1=1 TO D^NEXT
515 RETURN

READ?.

Making Scales

The musical quality of the VIC 20 can better be judged
by playing some scales with the three squarewave
voices. The program of Figure 1 4.32 is an adaptation
of the above tone-producing program for the purpose
of playing musical scales. Note the subroutine for
producing tones at line 500 is the same as the previous
program.

Line 110 contains the values recommended by
Commodore for an ascending C major scale in the
middle octave of each voice. Line 120 contains the
same values in reverse order to form a descending
version of the same scale, followed by the value — 1.
The latter serves to mark the end of the song. Line 15
turns up the volume and line 20 allows the user to
specify the voice V to be used and the duration DU of
each note. The loop in lines 25-40 plays the scale using
the data in lines 1 10 and 120.

140



Make the necessary modifications to the previous
program toobtain the program of Figure 14.32. Then,
execute the program with various values of V 0-2 and
duration DU. In particular, try voices 0, 1, and 2 with
duration 200. Also, just for fun, try voice 3. If you are
musically trained, you may be disappointed by the
accuracy of the pitches produced by the VIC 20. This is
more or less an inherent problem with the VIC 20 since
the range of audio frequencies possible is subdivided
into only approximately 250-130= 120 distinct values,
i.e. the values we POKE. On the Commodore 64, this
problem is overcome by subdividing the range of
audio frequencies much finer. The result is that one
has to POKE two values into two addresses in order to
choose a pitch.

Figure 14.32 Program for playing musical scales on the
VIC 20.
10 REM MAKING SCALES
15 V=4:p=15:D=0 = GOSUB 500
20 INPUT "VOICE AND DURATION";V,DU
25 READ P:IF P<0 THEN RESTORE : GOTO 20
30 D=DU: GOSUB 508
35 P=0 :D=8 : GOSUB 500
40 GOTO 25
100 REM C MAJOR SCALE 2ND OCTAVE
110 DATA 195,201,207,209,215,219,223,225
120 DATA 225,223,219,215,209,207,201,195,-1
500 REM MAKE NOTE V=V0ICE P=PITCH D=DURATION
505 Vl=36874+V : POKE V1,P
510 FOR 1=1 TO D:NEXT
515 RETURN

READ'r1.

Producing Multiple Clicks

Let us now consider producing some simple sound
effects using the same subroutine to “play pitch P on
voice V for duration D.” Figure 14.33 contains a

program to produce N clicks with a time separation S
at pitch P. Make the modifications necessary tocreate
this program and try it with various pitches P, time
separations S, and number of clicks N. In particular,
try P=240, S= 1, and N=60. This should give a beep
every second for one minute. Check the beeps against
your watch.

Producing a Phaser Noise

If you repeatedly call the tone subroutine of Figure
14.31 with different pitch values P, you can produce a
variety of effects. For example, the program shown in
Figure 14.34 produces “phaser” noises consisting of
NC cycles of a sound in which the pitch varies from P1
to P2 in steps of DP.

To hear what this noise sounds like, execute the
program and enter from the keyboard NC = 10, P1 =

Figure 14.34 Program to make a phaser noise.
10 REM PHASER NOISE
15 INPUT "ENTER NO. CYCLES";NC
20 INPUT "ENTER STARTING PITCH”;Pl
25 INPUT "ENTER ENDING PITCH" ;P2
30 INPUT "ENTER PITCH INCREMENT";DP
35 V=4 : P=15 :D=0 : GOSUB 500
40 V=2 : D=1
45 FOR J=1 TO NC
50 FOR P=P1 TO P2 STEF DP
55 GOSUB 500
€0 NEXT P
65 NEXT J
78 P=0: GOSUB 500
75 GOTO 15
500 REM MAKE NOTE V=V0ICE P=PITCH D=DURATION
505 V1=36874+V : POKE V1,P
510 FOR 1=1 TO D : NEXT
515 RETURN

READY.
Figure 14.33 Program to produce N clicks with
separation S and pitch P.

10 REM PRODUCE N CLICKS WITH SPACING S AND PITCH P
20 INPUT "ENTER! PITCH";PI
25 INPUT "ENTER SEPARATION (SEO'LS
30 INPUT "ENTER NUMBER OF CLICKS",N
35 V=4 : P=15 : D=0 : G0SUB 500
40 V=2:D=1
45 FOR J=1 TO N
50 P=PI:G0SUB 500
60 P=0: GOSUB 500
65 FOR 1=1 TO 730*S : HEXT I
70 NEXT J
75 GOTO 20
500 REM MAKE NOTE V=VOICE P=PIICH D=DURATION
505 VI=36S74+V :POKE V1,P
510 FOR 1=1 TO D:NEXT
515 RETURN

READY.
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200, P2= 130, and DP= — 6. Note that the pitch varies
from high to low each cycle. Try a variety of different
values for NC, Pl, P2, and DP. In particular, try
values where Pl is less than P2 and DP is positive.

Producing a Siren Sound

A siren noise can be produced by repeatedly calling the
tone subroutine, first with increasing values of P, and
then with decreasing values of P. The program is shown
in Figure 14.35.

In lines 15-35, the user is asked to choose values for
the number of cycles NC, the starting pitch Pl, the
ending pitch P2, the pitch increment DP, and the
holding time T, which controls the amount of time
each pitch is held. The volume is turned up in line 40
and voice 2 and the duration or holding time is set in
line 45. The inner loop in lines 55-65 creates a wail in
ascending pitch and that in lines 70-80 produces one in
descending pitch. The outer loop in lines 50 and 85
counts the cycles. Line 90 turns the voice off and line 95
loops to allow a new choice of parameters.

Run this program for the following values: NC= 5,
Pl= 130, P2= 180, DP= .3 and T= 1. This sounds like
an old-fashioned ambulance siren. Try varying param¬
eter values including the holding time T.

effects to that program. The original program of
Chapter 1 1 will be unchanged except for the subrou¬
tines for firing the left and right phasers.

The phaser-firing subroutines will be modified to
fire a single “bullet” that makes a noise each time it
moves. These modified subroutines are shown in
Figure 14.36. Lines 235 and 335 produce a phaser
noise by calling subroutine 1000. Lines 240 and 340
erase the previously plotted “bullet”. The old subrou¬
tine at 400 that was used to erase the phaser is no
longer needed.

Figure 14.36 Phaser-firing subroutines modified to
produce noise.

260 REN FIRE LEFT PHASER
210 U=X-2
229 FOR V=Y TO 0 STEP -1
230 GOSUB 500:PRINT "•”
235 GOSUB IGO©
240 GOSUB 50G:PRINT” "
245 NEXT
250 RETURN
300 REM FIRE RIGHT PHASER
310 U=X+2
320 FOR V=Y TO 0 STEP -1
330 GOSUB 500:PRINT"D”
335 GOSUB 1000
340 GOSUB 500:PRINT" "
345 NEXT
350 RETURN

Adding Sound Effects to the “Plane with Phasers”
Program

In Chapter 11 we developed a program that fired
phasers from a fighter plane. We will add some sound

Figure 14.35 Program to produce a siren sound.
10 REN SIREN NOISE
15 INPUT "ENTER NO. CYCLES" J NC
20 INPUT "ENTER STARTING PITCH";Pl
25 INPUT "ENTER ENDING PITCH";P2
30 INPUT "ENTER PITCH INCREMENT";DP
35 INPUT "ENTER HOLDING TIME"IT
40 V=4:P=15:D=0:GOSUB 500
45 V=2:D=T
50 FOR J=1 TO NC
55 FOR P=P1 TO P2 STEP DP
60 GOSUB 500
65 NEXT P
70 FOR P=P2 TO Pl STEP -DP
75 GOSUB 500
80 NEXT P
85 NEXT J
90 P=0 : GOSUB 500
95 PRINT: GOTO 15
500 REM MAKE NOTE V=V0ICE P=PITCH INDURATION
505 ¥1=36874+7:POKE VI,P
510 FDR 1=1 TO D:NEXT
515 RETURN

READY.

READY.

The subroutine to make the phaser noise is
shown in Figure 14.37. The program in Figure
14.34 has been modified to fit the plane program.
Lines 1 100-1 1 10 turn on voice V at pitch P. Line 1000
turns up the volume and 1010 selects voice V = 2 at
duration D= 1. The loop in lines 1020-1040 varies the
pitch from 135 to 200 in steps of 20.

When this modified plane program is run and a
phaser is fired, a single bullet is released, as shown in
Figure 14.38, and it makes a noise as it moves along.

The discussion of the various sound subroutines for
the VIC 20 presented in this section should enable you
to add interesting sound effects to your program. How
to incorporate music into a VIC 20 program is
described in Chapter 15.

Figure 14.37 Subroutine to produce phaser sound for
fighter plane.
1000 VO=4:P=15:D=0: GOSUB 1100
1010 V0=2:D=l
1020 FOR P=135 TO 200 STEP
1030 GOSUB 1100:NEXT P
1040 P=0 : GOSUB 1100 : RETURN
1100 Vl=36874+V0:P0KE Vl.P
1110 RETURN

READY.
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Figure 14.38 A single bullet is fired from the plane
and makes noise as it moves.

MAKING SOUNDS WITH THE
COMMODORE 64

The Commodore 64 has a controllable sound synthe¬
sizer capable of producing the sounds of certain
musical instruments with considerable fidelity. It is
also capable of a wide variety of sound effects. The
sound can be produced through the television set used
for display or through a separate sound system. The
latter approach is far better because the audio channel
of a television set is quite limited.

The Commodore 64 has three independent but
otherwise identical voices, each capable of the same
nine octave range. The sound of each voice has many
programmable parameters. Each voice can indepen¬
dently have one of four different waveforms: triangle,
sawtooth, pulse (square/ on-off), or noise. In the
pulsed waveform, the pulsewidth (relative “on” time
versus “off” time) is controllable.

The average amplitude/ volume of a note varies
with time according to an “envelope” with four

controllable parameters called attack, decay, sustain,
and release (ADSR for short). In Figure 14.39, the
average amplitude/ volume envelope of a note is
shown including the four phases corresponding to
ADSR. Attack is the rate at which the note/ sound
reaches its maximum amplitude (volume). Decay is
the rate the note/ sound falls from the maximum
amplitude to a lower “sustained” level. Release is the
rate the amplitude falls from the sustained level back
to nothing.

The parameters of sound are all controlled by
POKEing values into the range of addresses 54272-
54296. If we let RA = 54272 be the sound reference
address, the first seven addresses starting with RA
control voice 0, the next seven control voice 1, and the
next seven control voice 2 as shown in Figure 14.40.
Normally, the volume of all voices, the waveforms, the
pulsewidths (where the pulsed waveforms are spec¬
ified), the attack/ decay rates, and the sustain
level/ release rate are all chosen once at the beginning
of a program. The pitches/ frequencies of notes are
varied as each note is played. The on/ off addresses
(which happen also to specify the waveforms) are
POKEd to turn the notes on and off.

The ranges of POKE values of various voice
parameters are also shown in Figure 14.40. Note that
the values of attack, decay, sustain, release, volume,
and the high byte of pulsewidth vary only from 0 to 15.
The waveform values 17, 33, 65, and 129 serve to turn
on the triangle, sawtooth, pulse, and noise waveforms,
respectively. The values 16, 32, 64, and 128 turn the
same respective waveforms off.

Producing a Tone

Figure 14.41 containsa program for producing a series
of single notes on voice 0 of the Commodore 64. The
subroutine at line 500 POKEs pitch P on for duration

Figure 14.39 ADSR parameters of a note.

amplitude
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Figure 14.40 POKE addresses for producing sounds on
the Commodore 64.

Addresses Voices POKE Values Parameter

RA/RA+7/RA+ 14 0/1/2 0-255 1 ow byte of pi tch
RA+1/RA+8/RA+15 0/1/2 0-255 high byte of pitch
RA+2/RA+9/RA+ 16 0/1/2 0-255 low byte of pulsewidth
RA+3/RA+ 10/RA+ 17 0/1/2 0-15

16/17 trianqle 7
high byte of pulsewidth

RA+4/RA+ 11/RA+ 18 0/1/2 32/33 sawtooth (

64/65 pulse I
128/129 noise J

off/on and waveform

RA+5/RA+ 12/RA+ 19 0/1/2 0-15/0-15 attack/decay
RA+6/RA+13/RA+20

RA+24
0/1/2 0-15/0-15

0-15
sustain/rel ease
volume of all voices

(RA = 54272)

D with waveform WF+l, where WF is either 16, 32,
64, or 128. The values for P, D, and WF are specified
outside the subroutine. For convenience, P is specified
as a single value between 0 and 65535. Lines 510-520
break P into high and low bytes and POKE them into
the proper locations. Line 530 turns on the note and
line 550 turns it off. Line 540 introduces a delay of
duration D. Line 560 introduces a second short delay
toallow time for the“sustain” prolongation of the note.

Line 20 calls a subroutine at line 300 that turns all
voices off and turns the volume up. Line 25 allows the
entering of attack, decay, sustain, and release param¬

eters from the keyboard. Line 30 allows a single value
0-4096 to be entered for the pulsewidth in the case that
the pulse waveform is chosen. Line 40 calls a
subroutine at 400 that sets the sound parameters. If the
pulse waveform is chosen, lines 420-430 break the
pulsewidth into high and low bytes and POKE them
into the proper locations. Line 440 combines attack
with decay and sustain with release and POKEs them
into the proper locations.

Finally, line 50 allows values for pitch and duration
to be entered from the keyboard. Line 60 then calls the
tone subroutine at line 500 and the note is played.

Figure 14.41 Program to play single notes on voice 0
of the Commodore 64.

5 REM MAKING SOUNDS
10 RA=54272:REM MUSIC REGISTERS REFERENCE ADDRESS
20 GOSUB 300 -REM TURN VOICES OFF AND VOLUME UP
25 INPUT "ENTER WAVEFORM.. ATTACK.. DECA?.. SUSTAIN.. AND RELEASE";WF, AT,DE, SU, RE
30 IF WF=64 THEN INPUT "ENTER PULSEWIDTH" 1 W
40 GOSUB 400 : REM SET SOUND PARAMETERS
50 INPUT "ENTER PITCH AND DURATION";P,D
60 GOSUB 500 : REM MAKE TONE
70 GOTO 50
300 REM TURN VOICES OFF AND VOLUME UP
310 FOR 1=0 TO 23:POKE RA+1,0= NEXT I
320 POKE RA+24, 15
330 RETURN
400 REM SET SOUND PARAMETERS AT=ATTACK DE=DECAV SU=SUSTAIN RE=RELEASE
401 REM NF=WAVEFORM W=PULSEWIDTH (FOR WF=64 ONLY)
410 IF WFO64 THEN 440
420 WH=INT<14/256) = I4L=W-256*WH
430 POKE RA+2,NL:P0KE RA+3,WH
440 POKE RA+5, 16*AT+DE : POKE RA+6, 16*SU+RE
450 RETURN
500 REM MAKE TONE P=PITCH D=DURATION
510 PH=INT <P/256) :PL=P-256*PH
520 POKE RA,PL POKE RA+1,PH
530 POKE RA+4,WF+1
540 FOR 1=1 TO D:NEXT I
550 POKE RA+4,WF
560 FOR 1=1 TO 50= NEXT I REM SUSTAIN TIME
570 RETURN

READY.
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After playing the specified note, the main program
loops back to line 50 so that another note with a
different pitch and duration (but same waveform and
ADSR parameters) can be selected.

In order to try out some notes, turn up the volume
on your TV set and type in the program of Figure
14.41. At the start, choose your pitches in the range
4000-8000 and your durations in the range 200-2000.
Some waveform and ADSR values to try are shown in
Figure 14.42. These values approximate the sounds of
musical instruments as indicated.

Figure 14.42 Parameter values approximating the
sound of musical instruments.

WF AT DE SU RE w Instrument

16 4 15 0 0 - clarinet
16 0 9 0 0 — ukel el e
32 0 9 0 0 - banjo
64 0 9 0 0 400 banjo
64 1 15 0 0 400 organ
32 1 15 15 0 - organ
16 1 15 15 0 - organ
64 0 9 0 0 256 quitar
64 0 9 0 0 2000 ukel el e
32 5 8 12 3 - viol in-1ike
64 9 0 15 3 2000 synthesizer

Making Scales

The musical quality of the Commodore 64 can better
be judged by playing some scales. The program of
Figure 14.43 is an adaptation of the above tone¬
producing program for the purpose of playing musical
scales. Notice the subroutines for (1) turning the voices
off and the volume up (2) setting the sound parameters,
and (3) producing tones at lines 300, 400, and 500,
respectively, are unchanged.

Line 110 contains the values recommended by
Commodore for an ascending C major scale. Line 120
contains the same values in reverse order to form a
descending version of the same scale, following by the
value — 1. The latter serves to mark the end of the song.
Lines 25-30 allow the user to specify the waveform,
pulsewidth (if appropriate), and ADSR parameters.
Line 45 chooses the duration Dfor each note. The loop
in lines 50-60 plays the scale using the data in lines 110
and 120. The program then loops back to line 25 so
new parameters can be chosen.

Make the necessary modifications to the previous
program to obtain the program of Figure 14.43. Then,
execute the program with various parameter values
such as those suggested in Figure 14.42. Just for fun,
choose WF= 128 at least once.

Figure 14.43 Program for playing musical scales on the
Commodore 64.
5 REM MAKING SCALES
10 RA=34272 : REM MUSIC REGISTERS REFERENCE ADDRESS
20 GOSUB 300 : REM TURN VOICES OFF AND VOLUME UP
25 INPUT "ENTER WAVEFORM, ATTACK, DECAV, SUSTAIN, AND RELEASE" J WF, AT,DE, SU, RE
30 IF NF=64 THEN INPUT "ENTER PULSEWIDTH";W
40 GOSUB 400= REM SET SOUND PARAMETERS
45 D=200:REM SET DURATION THEN PLHV SCALE :

50 READ P-IF PCS THEN RESTORE : GOTO 25
60 GOSUB 500: GOTO 50
100 REM C MAJOR SCALE
110 DATA 4291,4817,5407,5728,6430,7217,8101,8583
120 DATA 8583,8101, 7217,6430,5728,5407,4817, 4291,-1
300 REM TURN VOICES OFF AND VOLUME UP
310 FOR 1=0 TO 23: POKE RH+I,0 : NEXT I
320 POKE RA+24, 15
330 RETURN
400 REM SET SOUND PARAMETERS AT=ATTACK DE=DECAY SU=SUSTAIN RE=RELEASE
401 REM WF=WAVEF0RM H=PULSEWIDTH (FOR WF-64 ONLY)
410 IF HFOeH THEN 440
420 WH=INT( W/256) WL=W-256#WH
430 POKE RA+2,HL.:POKE RA+3, MH
440 POKE RA+5, 16*AT+DE = POKE RA+6, 16*SU+RE
450 RETURN
500 REM MAKE NOTE P=PITCH D=DURHTI0N
510 PH=INT(P/256) :PL=P-256*PH
520 POKE RA,PL: POKE RA+1,PH
530 POKE RA+4, WI- +1
540 FOR 1=1 TO Li: NEXT I
550 POKE RA+4, NF
560 FOR 1=1 TO 50: NEXT I
570 RETURN

READY.
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Producing Multiple Clicks

Let us now consider producing some simple sound
effects using essentially the same subroutines for
turning up the volume, setting sound parameters, and
producing tones. For simplicity, we have simplified
the latter two subroutines. We have omitted the lines
for setting the pulsewidth in the “setting sound
parameters” subroutine and we have dropped the
sustain delay in the “producing tones” subroutine.

Figure 14.44 contains a program to produce N
clicks with a time separation S at pitch P. Line 25
chooses the sawtooth waveform and a particular set of
ADSR parameters and sets them. Lines 30-40 allow
the pitch, time separation, and number of clicks to be
entered from the keyboard. Make the modifications
necessary to create this program and try it with various
pitches P, time separationsS, and number of clicks N.
In particular, try P=2000 and P=32000 with S= 1 and
N=60. This gives a click and a blip, respectively, every
second for one minute. Check the clicks and blips
against your watch.

Producing a Phaser Noise

If you repeatedly call the tone subroutine of Figure
14.44 with different pitch values P, you can produce a

variety of effects. For example, the program shown in
Figure 14.45 produces “phaser” noises consisting of
NC cycles of a sound in which the pitch varies from P1
to P2 in steps of DP.

To hear what this noise sounds like, execute the
program and enter from the keyboard NC = 10, Pl =
8000, P2 = 5000, and DP = —400. Note that the pitch
varies from high to low each cycle. Try a variety of
different values for NC, Pl, P2, and DP.

Producing a Siren Sound

A siren noise can be produced by repeatedly calling the
tone subroutine, first with increasing values of P, and
then with decreasing values of P. The program is shown
in Figure 14.46.

In lines 30-50, the user is asked to choose values for
the number of cycles NC, the starting pitch Pl, the
ending pitch P2, the pitch increment DP, and the
holding time T, which controls the amount of time
each pitch is held. The volume is turned up in line 20
and the waveform and ADSR parameters are set in
line 25. The inner loop in lines 60-70 creates a wail in
ascending pitch and that in lines 75-85 produces one in
descending pitch. The outer loop in lines 55 and 90
counts the cycles. Line 95 turns the voice off and then
loops to allow a new choice of parameters.

Figure 14.44 Program to produce N clicks with
separation S and pitch P.
5 REM MAKE N CLICKS WITH SPACING S AND PITCH P
19 RA=54272:REM MUSIC REGISTERS REFERENCE ADDRESS
20 GOSUB 300:REM TURN VOICES OFF AND VOLUME UP
25 WF=32 : AT=1: DE=15 ; SU=0 = RE=0 :GOSUB 400
30 INPUT "ENTER PITCH" IP
35 INPUT “ENTER SEPARATION (SEO'LS
40 INPUT "ENTER NUMBER OF CLICKS" ;N
45 D=1
50 FOR J=1 TO N
55 GOSUB 500
60 FOR 1=1 TO 730*S:NEXT I
65 NEXT J
70 GOTO 30
300 REM TURN VOICES OFF AND VOLUME UP
310 FOR 1=0 TO 23:POKE RR+1,0= HEXT I
320 POKE RA+24,15
330 RETURN
400 REM SET SOUND PARAMETERS AT=ATTACK DE=DECAV SU=SUSTAIN RE=RELEASE
440 POKE RA+5,160RT+DE:POKE RA+6, 16*SU+RE
450 RETURN
500 REM MAKE TONE P=PITCH D=DURATION
510 PH=INT(P/256) :PL=P“256#PH
520 POKE RA,PL:POKE RA+1,PH
530 POKE RA+4,WF+1
540 FOR 1=1 TO D:NEXT I
550 POKE RA+4,WF
570 RETURN

READV.
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Figure 14.45 Program to make a phaser noise.

5 REM PHASER NOISE
10 RR=54272:REM MUSIC REGISTERS REFERENCE ADDRESS
20 GOSUB 360:REM TURN VOICES OFF AND VOLUME UP
25 WF=32 : AT=1:DE=15 : SU=0:RE=0:GOSUE 400
30 INPUT "ENTER NO, CYCLES";NC
35 INPUT "ENTER STARTING PITCH";Pl
40 INPUT "ENTER ENDING PITCH" ;P2
45 INPUT "ENTER PITCH INCREMENT";DP
50 FOR J=1 TO N
55 0=10:FOR J=1 TO NC
60 FOR P=P1 TU P2 STEP DP
65 GOSUB 500
70 NEXT P
75 NEXT J
80 GOTO 30
300 REM TURN VOICES OFF AND VOLUME UP
310 FUR 1=0 TU 23 POKE RA+I.'0:NEX[ i
320 POKE RA+24.' 15
330 RETURN
400 REM SET SOUND PARAMETERS AT=ATTACK DE=DECRV SU=SUSTAIN RE=RELERSE
440 POKE RR+5, 16#HT+DE : POKE RR+6, 16*SU+RE
450 RETURN
500 REM HAKE TONE P=FITCH D=DURATION
510 PH=INT(P/256) = PL=P-256#PH
520 POKE RR/ PL : POKE RA+1,PH
530 POKE RA+4,HF+1
540 FOR 1=1 TO D=NEXT I
550 POKE RA+4 WF
570 RETURN

READY.

Figure 14.46 Program to produce a siren sound.
5 REM SIREN NOISE
10 RA=54272 ; REM MUSIC REGISTERS REFERENCE ADDRESS
20 GOSUB 300- REM TURN VOICES OFF AND VOLUME UP
25 WF=16:RT=1 : DE=9 : SU=3 :RE=15 : GOSUB 400
30 INPUT "ENTER HO. CYCLES";NC
35 INPUT "ENTER STARTING PITCH";Pl
40 INPUT "ENTER ENDING PITCH" ;P2
45 INPUT "ENTER PITCH INCREMENT";DP
50 INPUT "ENTER HOLDING TIME";D
55 FOR J=1 TO NC
60 FOR F-Pl TO P2 STEP DP
65 GOSUB 500
70 NEXT P
75 FOR P=P2 TO Pl STEP -DP
80 GOSUB 500
85 HEXT P
90 HEXT J
95 GOSUB 300 : GOTO 30
300 REM TURN VOICES OFF AND VOLUME' UP
310 FOR 1=0 TO 23:POKE RR+L0:HEXT I
320 POKE RA+24.' 15
330 RETURN
400 REM SET SOUND PARAMETERS AT=ATTACK DE=DECAY SU=SUSTAIN RE=RELEASE
440 POKE RA+5, 16*AT+DE : POKE RA+6, 16*SU+RE
450 RETURN
500 REM MAKE TONE P=PITCH D=DURATION
510 PH=INT <P/256) PL»P-256*PH
520 POKE RA,PL:POKE RA+1,PH
530 POKE RR+4,NF+1
540 FOR 1=1 TO DNIEXT I
550 POKE RA+4, HF
570 RETURN

READY.
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Run this program for the following values: NC= 4,
Pl = 10000, P2 = 17000, DP = 200 and T = 10.
Experiment with other values.

Adding Sound Effects to the
“Plane with Phasers” Program

Recall in Chapter 11, we developed a program that
fires phasers from a fighter plane. We will add some
sound effects to that program for the Commodore 64.
The original program of Chapter 1 1 (Figure 11.19) will
be unchanged except to add a subroutine to initialize
the sound parameters and to modify the subroutines
for firing the left and right phasers.

The phaser-firing subroutines will be modified to
fire a single “bullet” that makes a noise each time it
moves. These modified subroutines are shown in
Figure 14.47. Lines 235 and 335 produce a phaser
noise by calling subroutine 1000. Lines 240 and 340
erase the previously plotted “bullet”. The old subrou¬
tine at 400 that was used to erase the phaser is no
longer needed.

Figure 14.47 Phaser-firing subroutines modified to
produce noise.
200 REM FIRE LEFT PHASER
210 U=X-2
220 FOR V=V TO 0 STEP -1
230 GOSUB 500 :PRINT"#"
235 GOSUB 1000
240 GOSUB 500 ;PRINT" "245 NEXT
250 RETURN
300 REM FIRE RIGHT PHASER
310 IJ=X+2
320 FOR V-V TO 0 STEF -1
330 GOSUB 500 PRINT"0"
335 GOSUB 1000
340 GOSUB 500:PRINT" "
345 NEXT
350 RETURN

READV.

The subroutines to make the phaser noise are
shown in Figure 14.48. The subroutines in Figure
14.45 have been modified to fit the plane program.
Lines 900-930 contain a combined subroutine to turn
off all voices, turn up the volume, and set the
waveform and ADRS parameters. Line 930 chooses
D=l, Pl =6000, P2=5000,andDP=-500. To call this
subroutine, you should modify line 10 of the old main
program to read: 10 PRINT “CLR”: X=10: ¥=10:
GOSUB 900.

Lines 1000-1070 contain a combined subroutine to
control the phaser sound and to produce tones. When
this modified plane program is run and a phaser is
fired, a single bullet is released, as shown in Figure
14.38, and it makes a noise as it moves along.

The various sound subroutines for the Commodore
64 presented in this section should enable you to add
interesting sound effects to your programs. How to
incorporate music into a Commodore 64 program is
described in more detail in Chapter 15.

DEFINING YOUR OWN GRAPHIC
CHARACTERS

Appendix C contains the internal character set of the
Commodore 64/ VIC 20. This character set is stored in
ROM starting at memory location 32768 on the VIC
20 and 53248 on the Commodore 64. Each character
uses eight consecutive memory locations for its
definition. The character is defined on an 8 X 8 grid
where each row of the grid corresponds to a separate
memory location and each column in the grid
corresponds to one of the8 bits in the data byte (0-255)
stored at a particular location.

The characters given in Appendix C are listed in the
order in which they are stored in ROM. Character @ is
0. Character A is 1; therefore its definition starts at
location 32768+ 8* 1 on the VIC 20 and 53248 + 8* 1 on
the Commodore 64 (remember, each definition takes

Figure 14.48 Sound producing subroutines for the
plane with phasers.
900 RR=54272:F0R 1=0 TO 23 = POKE RH+UGH-IEXT I:POKE RA+24, 15
910 WF=32 : AT=1 : DE=15 : SU=0 ; RE=0
920 POKE RR+5? 16*RT+DE = POKE RA+6, 16*SU+RE
930 D=1:P1=6000 :P2=5000 : DP=~500 : RETURN
1000 FOR P=P1 TO P2 STEP HP
1010 PH«INT(P/256> : PL=P 256*PH
1020 POKE RA j PL : POKE RA+1,PH
1030 POKE RR+4,WF+1
1040 FOR 1=1 TO D:NEXT I
1050 POKE RA+4.WF
1060 NEXT P
1070 RETURN

READV.
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eight memory locations). In order to list the 8 bytes
used to define the letter A, type in and run whichever
of the following programs is appropriate. The result
in the case of the Commodore 64 is shown in Fig¬
ure 14.49.

10 REM VIC 20 PROGRAM
20 FOR J=0 TO 7
30 ? PEEK(32768+8*1+J)
40 NEXT J

10 REM COMMODORE 64 PROGRAM
20 POKE 56334,PEEK(56334) AND 254
30 POKE 1,PEEK(1) AND 251
40 FOR J=0 TO 7
50 ? PEEK(53248+8*1+J)
60 NEXT J
70 POKE 1,PEEK(1) OR 4
80 POKE 56334,PEEK(56334) OR 1

The above VIC 20 program is more straightforward
than the Commodore 64 program. In the latter, lines
30 and 70 serve to switch the character set ROM into
the memory locations starting at 53248 and then out
again. Normally, these locations are used as
input/ output locations on the Commodore 64 and the
ROM can’t be seen. This illustrates what we discussed
earlier; namely, some memory locations serve a dual
purpose. Lines 20 and 80 serve to disable the keyboard
while the character set ROM is switched in and then
enable it once more. This is a safety feature. If a key is
depressed when the I/O starting at 53248 is switched
out, very strange things can happen.

Figure 14.49 PEEKing the eight values used to define
the letter A.

£
34) OR 1

8 POKE 56334,PEEK <56334) Ml 254
8 POKE 1, PEEKED AND 251» FOR J=8 TO 7
8 PRINT PEEKE53248*8«i+J)
S NEXT J _ _ .

The relationship between the eight values in Figure
14.49 and the letter A is shown in Figure 14.50. Note
that each row of the 8X8 grid has a number associated
with it. The number is equal to the sum of the numbers
at the top of each column in which a bit is “on”. An
“on” bit corresponds to a displayed point.

Now that you understand how the Commodore
64/ VIC 20 defines the letter A (and all other char¬
acters), you may wonder if you can define your own
characters. You can. First you must define the new
characters you want on an 8 X 8 grid. Then you must
store these eight values in the character set table. How
can you do this when this table is in ROM (read only
memory)? You must first move the character set table
into RAM (read/ write memory) and then tell the
Commodore 64/ VIC 20 where you moved it.

CO
"I -r
r-COrnc—OOTrc^T—

R 16+ 8 = 24
32 + 16 + E
64 + 32 + 4

64 + 32 + 1
64 + 32 + 4
64 + 32 + 4
64 + 32 + 4
0

Figure 14.50 Defining the letter A.

To demonstrate how to generate our own charac¬
ters, it will suffice to use a limited character set with
only 64 characters. Because an unmodified VIC 20 has
only 5 K bytes of RAM, this is about all it can handle
because 64 characters takes 64*8 = 512 bytes of
memory to store. Examination of Appendix C reveals
that all of the uppercase letters, digits, and punctu¬
ation symbols are contained in the first 64 characters
in the ROM character set.

On the VIC 20, memory location 7 1 68 is a
convenient place to store 512 bytes of character
information, i.e. 64 characters. On the Commodore
64, memory location 1 2288 is a similar place. The VIC
20 uses the contents of memory location 36869 to tell
where the character set is located. By POKEing the
value 255 into address 36869, an unmodified VIC 20
will look for character information startingat location
7 1 68. If the VIC 20 has a memory expansion, the value
to be POKEd changes to 207. Similarly, by POKEing
the value 28 into location 53272, it turns out the
Commodore 64 will look for character information
starting at location 1 2288.

The following loop will copy the first 512 bytes of
the VIC 20 character set in ROM into the new location
in RAM:
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130 FOR 1=0 TO 64*8-1
140 POKE 7168+1,PEEK(32768+I)
150 NEXT I

The same loop will work on the Commodore 64
with line 140 changed to read: 140 POKE
12288+1,PEEK(53248+I).

To demonstrate making our own characters, let us
replace the digits 0-9 in the normal character set,
respectively, by the ten new symbols shown in Figure
14.51. These new symbols consist of the blankspace,
eight directional arrows, and the reverse video
blankspace.

If you have a VIC 20, consider the program listing
of Figure 14.52 and, if you have a Commodore 64,
consider that of Figure 14.53. In each case, lines 205-
250 contain the definitions of the above new symbols.
Line 205 defines the blankspace and line 250 defines
the reverse video blankspace. The directional arrows
are defined in lines 210-245 starting with the up-right
arrow and then defining in order the right, down-right,
down, down-left, left, up-left, and up arrows. The

definitions of these characters can easily be derived
from Figure 14.51 by the method described earlier for
the letter A. Note that in all cases, the bottom row and
the rightmost column are left blank to provide a
separation between adjacent characters.

In both programs, lines 100-250 contain a subrou¬
tine that substitutes the new symbols for the digits 0-9.
Line 1 10 directs the computer to look for its character
information in RAM and lines 130-150 copy 64
characters from ROM into RAM. (If you have a VIC
20 with a memory expansion, change the value 255 to
207 in line 110.) Lines 170-190 POKE the new
character definitions into the RAM character set in
place of the digits 0-9. Note that the screen POKE code
for 0 is 48 and that for 9 is 58. This explains the values
in the FOR statement of line 170.

Lines 10-40 form the main program. In line 20, the
program prints “WAIT” since changing the character
set takes time. In line 30, the new characters are
PRINTed out once in a row. Following execution of
the program, of course, the new characters are still in
force. This makes it possible to draw pictures with the
new symbols as shown in Figure 14.54.

Figure 14.51 New graphic symbols to replace the digits.

8
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Figure 14.52 VIC 20 program to display new graphic
characters in place of digits.
10 REM DISPLAY CUSTOM CHARACTERS
20 PRINT "□UWAIT" •GOSUB 106 -REM SETUP CUSTOM CHARACTERS
30 FOR 1=48 TO 57 -PRINT CHR^I) ? : NEXT I
40 END
100 REM SET-UP CUSTOM GRAPHICS CHARACTERS
110 POKE 36869/255:REM TAKE CHARACTER INFO FROM RAM
120 REM COPY' CHARACTERS FROM ROM INTO RAFI
130 FOR 1—0 TO 64*8-1
140 POKE 7168+1 / PEEK < 32768+I>
150 NEXT I
160 REM REPLACE DIGITS BY CUSTOM CHARACTERS
170 FOR! 1=48*8 TO 58*8-1
18W READ D ; POKE 7168+1, D
190 HEXT I
200
205

RETURN
DATA 0 ? 0 ? 0 ? 0 ? 0 ? 0 ? 0 ? 0

210 DATA 30 > 6,10 j 18 ? 32 .■ 64 / 138,0
215 DATA 1to .■ y .i 4 3^)4 .■ 4 .■ y .• 1to .> 0
220 DATA pj£0 Ch PO CO s* IJ-!
225 DATA 16 ? 16 ? 16 ? 146 ? 84 ? 56 ? 16 ? 0
230 DATA 2? 4? 8? 144? 160? 192? 240?0

DATA 16/32/ 64 ? 254 ? 64 ? 32 ? 18 ? 0
240 DATA 240? 192? 160? 144? 8? 4? 2? 0
245 DATA 16 > 56) 84 ? 144 ? 16 ? 1b ? 1b ? 0
250 DATA 254 ? 254,254 ? 254 ? 254 ? 254 ? 254

READS-’.

Figure 14.53 Commodore 64 program to display new
graphic characters in place of digits.
10 REM DISPLAY CUSTOM CHARACTERS
20 PRINT "□MWHIT" : GOSUB 100= REM SETUP CUSTOM CHARACTERS
30 FOR 1=48 TO 57 : PRINT CHR$<I? ? : NEXT I
40 END
100 REM SET-UP CUSTOM GRAPHICS CHARACTERS
110 POKE 53272/28 ;REM TAKE CHARACTER INFO FROM RAM
114 POKE 56334? PEEK <56334? AND 254 : REM IGNOR KEYBOARD INTERRUPTS
117 POKE 1,PEEK<1> FIND 251:REM SWITCH IN CHARACTER ROM
120 REM COPY CHARACTERS FROM ROH INTO RAM
130 FOR 1=0 TO 64*8-1
140 POKE 12288+I,PEEK<53248+1?
150 NEXT I
154 POKE 1?PEEK<1? OR 4 : REM SWITCH OUT CHARACTER ROM
157 POKE 56334.. PEEK <56334? OR 1 : REM EHHBEL KEYBOARD INTERRUPTS
160 REM REPLACE DIGITS BY CUSTOM CHARACTERS
170 FOR 1=48*8 TO 58*8-1
180 READ D-POKE 12288+LB
190 NEXT I
200 RETURN
205 DATA 0 / 0 / 0 / 0 / 0 .. 0 / 0 .. 0
210 DA TH 30 / 6 / 10/ 18/ 32 ? 64 / 128? 0
215 DA TH 1b.. 8 ? 4 ? 254 ? 4 ? 8 .. 16 ? 0
220 DATA 128/64/32/18/10/6/30/0
225 DATA 16? 16.. 16/ 146 .■ 84 ? 56 ? 16? 0
230 DATA 2/4/8/144/160/192/240/0
235 DATA 16 ? 32 ? 64 / 254 /64/32/16/0
240 DATA 240? 192/ 160/ 144? 8? 4? 2? 0
245 DATA 16/56? 84 ? 144 ? 16 ? 16?!6 ? 0
250 DATA 254 ? 25*4 ? 254 ? 254 ? 254 ? 254 ? 25'4 ? 0

READY
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Figure 14.54 Drawing pictures with the new graphic
symbols.

SPRITE GRAPHICS ON THE
COMMODORE 64

The Commodore 64 has an advanced mode of
graphics beyond anything available on the VIC 20.
Using this mode, it is possible to create and move

about on the screen as many as 8 small figures called
sprites. Such figures are particularly appropriate for
video games. Creation and control of sprites is
accomplished totally by POKEing memory locations.
In this section, we shall illustrate the use of Sprite
graphics by drawing a multicolored sailboat that goes
sailing on the screen.

A sprite is a figure contained in a 24 X 21 grid. Our
sailboat is shown drawn in such a grid in Figure 14.55.
To make our sailboat multicolored, we shall actually
create three distinct sprites. Sprite 0 will be a white
hull; Sprite I will be a yellow foresail; and Sprite 2 will
be a light red mainsail.

The definition of a sprite is contained in a block of
64 consecutive memory locations. The last location,
however, is not used. The sprite data in the first 63
locations consists of a scan of the sprite picture
rowwise from top to bottom. The first three locations
define the left, middle, and right thirds of the top row
of the sprite. The next three locations define the left,
middle, and right thirds of the second row of the
sprite, etc.

Each memory location in the sprite definition
controls 8 adjacent picture elements. These picture

YELLOW FORESAIL (SPRITE 1)

LIGHT RED MAINSAIL (SPRITE 2)

WHITE HULL (SPRITE 0)

0 I
0 I ' Il

0
128

0
0

1 I 192 0
1 I I 224 0
3 ll 240| 0
3 1 24s| 0
7 1 252 | 0
7 I I 254 | 0

Il5 1 1 255 0
|15 1 I 255 "I 128
31 I * 255 | 192

31 * 255 [224
63 255 240|
63 255 248 I

127 255 252 |
127 255 254
0 0 0

I 127 255 254 |
63 255 252 r

1 31 255 248 ]
0 / 0 0

Figure 14.55 Design of a sprite sailboat for the
Commodore 64.
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elements have weights 128, 64, 32, 16, 8, 4, 2, and 1
from left-to-right. To compute the value to be POKEd
into a memory location, we add up the weights of the
picture elements that are “on” (colored). This is
exactly thesame method that is used todefine the rows
of screen characters, as was discussed in the previous
section.

The sprite data for our sailboat is shown in Figure
14.56. In Figure 14.55, we show the sprite data we
would use to create the entire sailboat with one sprite.
To create a multicolored sailboat, we divide the sprite
data into three parts and replace by 0 all values shown
in Figure 14.55 that are outside of the particular part
of the sailboat we are describing. For example, the
data for the hull begins with 51 consecutive O’s to blank
the first 17 rows of Sprite 0 (where the sails will be).

The memory locations that create and control
sprites start with V = 53248. Figure 14.57 shows these
memory locations and the data that is POKEd into
each location. Location V+21 turns the sprites on and
off. This is done in the usual fashion using the weights
1, 2, 4, 8, 16, 32, 64, and 128 for sprites 0-7
respectively. For example, to turn on sprites 0, 3, and
7, we POKE 1+8+128 = 137 into location V+21.

Locations V to V+ 16 determine the positions of the
sprites on the screen as indicated in Figure 14.57. The
entire screen is a grid that is 40*8 X 25*8 = 320 X 200
picture elements in size. To position a sprite on the
screen, the distance from the top edge of the screen to
the upper left corner of the sprite is POKEd into the Y
position for that sprite. To be viewed on the screen,
this value of Y must lie between 50 and 229. Similarly,
the distance from the left edge of the screen to the
upper left corner of the sprite is POKEd into the X
position for that sprite. Any value for X between 24
and 255 is viewable.

However, there are viewable sprite positions still
further to the right of the position where X = 255. To
position the sprite further to the right, one POKEs the
proper bit of location V+16 with a 1 (which is like
adding 256 to the value of X) and then POKEing the

Figure 14,57 Memory locations for creating and
controlling sprites.
memory
location data

V X position - Sprite 8
V+l Y position - a

U+2 X position - Sprite 1
U+3 Y position - “ u

0+4 X position - Sprite 2
0+5 Y position - " H

0+3 X posi tion - Spri te 3
0+7 Y position - ’ n

0+8 X position - Sprite 4
o+? Y position - ' H

0+ 10 X position - Sprite 5
0+11 Y position - " H

0+12 X position - Sprite 6
0+ 13 Y position - ’ it

0+14 X position - Sprite 7

0+15 Y position - H

0+ 16 MSB X position - Sprites 0-7
0+21 Enabl e/disabl e - Sprites 8-7
0+23 Oertical expansion - Sprites 0-7
0+29 Horizontal expansion - Sprites 8-7
0+39 Color - Sprite 8
0+46 Color - Sprite 1
0+41 Color - Sprite 2
0+42 Color - Sprite 3
0+43 Color - Sprite 4
0+44 Color - Sprite 5
0+45 Color - Sprite 6
0+46 Color - Sprite 7

CU = 53248)

difference between the desired horizontal distance and
256 into the X position for that sprite. To be viewable,
this difference must lie between 0 and 65. For example,
to position sprite 4 exactly 280 units from the left
edge, use
POKE V+16,PEEK(V+16) OR 16:POKE V+8,24
The first POKE sets the most significant bit (MSB) of
Sprite 4 to I and the second POKEs the remaining
distance 280- 256 = 24 into the X position of Sprite 4.

Locations V+23 and V+29, respectively, allow the
size of a sprite to be doubled in the vertical and

Figure 14.56 Data for a sprite sailboat on the
Commodore 64.

300 REM BORT HULL
305 DATA 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0
310 DATA 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0
315 DATA 0.0.0.0.0.0.0.0.0.127.255.254.63.255.252.31.255.248.0.0.0
320 REM FORESAIL
325 HATA 0.0.0.0.0.U.1.0.0.1.0.0.3.0.0.3.0.0.7.0.0
330 DATA 7.0.0.15.0.0.15.0.0.31.0.0.31.0.0.63.0.0.63.0. 0
335 DATA 127.0.0.127.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0
340 REM MAINSAIL
345 DRTH 0.0.0.0.128.0.0.132.0.0.224.0.0.240.0.0.248.0.0.252. 0
350 DATA 0.254.0.0.255.0.0.255. 128.0.255. 132.0.255.224.0.255.240.0.255. 248
355 DATA 0.255.252.0.255. 254.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0

READV.
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horizontal directions. The particular sprite is chosen
as usual by using the above weights. For example, to
double the size of Sprite 2 in the horizontal direc¬
tion, use
POKE V+29,PEEK(V+29) OR 4
Finally, the locations V+39 through V+46 determine
the color of Sprites 0-7, respectively. The color
numbers to use are the standard values 0-15 as given in
Figure 14.5b.

The main program for producing a multicolored
sailboat using sprites is given in Figure 14.58. Line 20
clears the screen and POKEs the color light blue into
the background color, location 5328 1. The result is to
make the entire screen light blue in color like an ocean
or a lake. Line 25 assigns memory space for Sprites 0-2
and lines 30-40 read and POKE the data for the hull,
foresail, and mainsail into Sprites 0-2, respectively.
Line 45 sets the hull, foresail, and mainsail colors to
white, yellow, and light red, respectively. Line 50
enables Sprites 0-2 and line 55 turns off all MSBs.

The loop in lines 65-80 causes the three Sprites to
move in synchronization from right to left across the
screen. Line 75 is a delay loop that makes the motion
relatively slow. On exit from the outer loop, line 85
turns off the sprites and line 90 restores the back¬
ground color to dark blue. Type in this program and
the data from Figure 14.56 and go sailing for awhile!

You can double the width of the sailboat by adding
the statement 57 POKE V + 29,7. You can double the
height of the sailboat by adding the statement 58
POKE V + 23,7. You can do both by adding both
statements. Try all combinations.

You can see that sprite graphics is a powerful mode
of high resolution graphics. Of course, the function of
some of the POKE locations is rather complicated.
However, the most important thing is the shortness of
programs required to create and control sophisticated
graphical figures. In particular, note how short the
sailboat program is.

EXERCISE 14-4
Using the time function TI described in Chapter 4,
count the number of jiffies that occur while a key is
held down. Write a program that displays this time to
the nearest tenth of a second.

EXERCISE 14-5
Plot the bar graph of New England states shown in
Figure 10.10, and print the title and scale label in both
upper and lower case letters. Use the alternate graphic
symbol SHIFT £ (CHR$(169)) to plot the bar graph.

EXERCISE 14-6
Write a program that will POKE the pictures of the
two skiers shown in Exercises 2-3(e) and 2-3(f) at the
screen location XI, Y1 and X2, Y2 respectively. Store
the POKE codes for these two pictures in a three-
dimensional array.

EXERCISE 14-7
Write a program that stores a sequence of pitch (P)
and length (L) values in a DATA statement and then
plays this sequence of tones. The DATA statement (or
statements) should be of the form

20 DATA Pl, LI, P2, L2, P3, L3, . . .

where Pl and LI are the pitch and length of the first
tone, P2 and L2 are the pitch and length of the second
tone, and so on. To play a complete song, see Exercise
15-3 in Chapter 15.

EXERCISE 14-8
To the sprite sailboat program, add three more
sprites to draw the sailboat facing to the right. Then,
modify the main loop so as to repeat, first, sailing the
original sailboat across the screen from right to left
and, then, sailing the new one from left to right.

Figure 14.58 Main program for a multicolored sailboat
using sprites.
10 REM SPRITE SAILBOAT
15 9=53248
20

30

40
4b
50
55
60
65
70

PRINT "LT: POKE 53281, 14:REM BACKGROUND COLOF
3+1 TEXTI: REM RESER
832+1,II ; HEXT I: REM
896+I,D TEXT I: REM
960+1,Ii ।HEXT I: REM

LIGHT BLUE
;VE SPACE FOR
SETUP SPRITE
SETUP SPRITE
SETUP SPRITE

SPRITES 8-2
0
1

POKE V+39, 1 : POKE V+40,7:POKE V+41,10 : REM SET SPRITE COLORS
POKE V+Sl /7 : REM TURN ON SPRITES 0-2
POKE V+16, 0REM TURN OFF MSBS
REM SHIP RHOV!
FOR J==250 TO 25 STEP -I
FOR 1=0 TO 2: POKE V+2*I,J : POKE V+1+2*I, 180 : NEXT I
FOR 1=1 TO 100: NEXT I

80 HEXT J
85 POKE V+21,0:REM TURN OFF SPRITES
90 POKE 53281, 6: REM RESTORE NORMAL BACKGROUND COLOR
100 END

REFlDV.
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LEARNING
TO PUT IT ALL TOGETHER

Throughout this book you have learned how to use the
various features of CBM BASIC. You have learned
how to write short programs that draw pictures and
make sounds. Now that you know the BASIC
language, you will want to write your own programs.
How do you go from an idea of something you would
like the Commodore 64/ VIC 20 to do to a working
BASIC program that does it? That is what this chapter
is all about.

In order to illustrate the various steps involved in
developing a program, we will write two complete
programs in this chapter. Although both programs are
useful and fun to run, it is the process of developing the
programs that we are trying to illustrate.

The first program plays a popular word-guessing
game called “hangman.” The second program con¬
verts your Commodore 64/ VIC 20 into an organ on
which you can play music from the keyboard.

In this chapter you will learn:

1. how to define what you want to do and describe
the program in words
2. to define the variables you will need in the
program
3. the technique of top-down programming
4. how to write a program to play hangman
5. how to store data on a cassette tape and floppy
diskette

6. how to play music on your Commodore 64/
VIC 20

HANGMAN

We will now develop a program to play the word¬
guessing game hangman. The following six steps will
help you develop a program systematically. We will
follow these six steps in developing hangman.

STEP 1: Define what you want the program to do
STEP 2: Describe the program in words
STEP 3: Define program variable names
STEP 4: Write and test the main program and
essential subroutines
STEP 5: Write and test the remaining subroutines
STEP 6: Test the entire program and make improve¬
ments.

Defining What Hangman Will Do

This is the most important step in developing a
program, but it is a step that is often omitted or not
carried out adequately. There is an almost irresistible
temptation to start writing BASIC code immediately.
You must resist this temptation at all costs. You
should not write any BASIC code until STEP 4.
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Poor programming, like poor writing is usually a

sign of poor and confused thinking. If you do not have

a clear idea of what you want the program to do, you

will have little chance of writing a program to do it.

When you begin, you may not know all of the features
that your program will eventually have. Programming
is an interactive process, and often you will improve a

program by rewriting it several times. However, y OU
must understand enough about what you want the
program to do to get started.

Hangman is a word-guessing game in which the
Commodore 64/ VIC 20 thinks of a word and displays
a space for each letter of the word.You guess a letter. If
the letter occurs in the word, it is inserted at all the
locations at which it occurs. If the letter does not occur
in the word, then another part of your body isadded to
the hanging gallows. You keep guessing letters until
you either guess the word, or until you guess six wrong
letters, at which time your body is complete and you
are hanged.

The first things to decide are what you want the
screen to look like and how you want the screen to
respond to various inputs and conditions. The best
idea is to sketch the screen to scale on a grid that is 23 X
22 in the case of the VIC 20 or 25 X 40 in the case of the
Commodore 64. Figure 15.1 shows the screen layout
for the hangman game in each case.

Figure 15.1 Screen layouts for Hangman program: (a)
VIC 20 and (b) Commodore 64.

When the program is first executed, the name
HANGMAN is written in reverse video at the top of

the screen. The program then displays the spaces for

the word, the gallows, and the words GUESS A

LETTER followed by a blinking cursor. As each

correct letter is guessed, it is filled in at the appropriate
blank position(s). When an incorrect letter is guessed,

to the NO X (\*K X is fc Win pram
will be printed on the left lower part of the screen, and
another part of the body will be added.

If you guess the word correctly, the word will be
flashed and the words YOU ARE SAVED! will be
printed next to the gallows. If you fail to guess the
word, the correct word will be displayed above the
spaces, and the words YOU ARE HANGED! will be
printed next to the gallows. The words PLAY
AGAIN? followed by a blinking cursor will then be
displayed at the lower center of the screen.

Having laid out what you want the screen to look
like and having thought about how the game is to be
played, you are ready to write a word-description of
the program.

A Word-Description of Hangman

At this point you should write a word-description of
the program that will completely describe its logic. Use
pseudocode, flowcharts, or whatever you find useful.
A word-description for the hangman program, written
in pseudocode is shown in Figure 15.2. Study this
word-description carefully. Note that it follows closely

Figure 15.2 Pseudocode word-description of Hangman
program.

loop: Clear screen
Display HANGMAN
Display gallows and the words GUESS A LETTER
Find a random word
Display spaces for word
do until Word is guessed or you are hanged

Guess a letter
Search for letter in word
if letter is in word
then display letter at proper position
else display NO "letter"

add part to body
enddo
if word is guessed
then blink word

display YOU ARE SAVED!
else display correct word

display YOU ARE HANGED!
Ask to PLAY AGAIN?

repeat while answer is "Y"
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the screen layout we made in Figure 15.1 and our ideas
on how the program should work. Developing the
word-description shown in Figure 15.2 is the most
creative part of writing the program. At this point
most of the hard work is done. This is why it is so
important that you understand how to write word¬
descriptions like the one in Figure 15.2. Study it again.
Note particularly how the do until loop is used to
include the entire process of guessing a word. Being
able to identify theappropriate loopingstructurefora
particular problem (think do until, repeat while, or
for...next) is one of the important skills you will need
to develop in order to become a good programmer.

Defining Program Variables

At this stage in the development of the program you
should define names for those variables that you know
you will need. You will not know all of the variables
that you eventually use, but begin by defining the
important ones that you do know. This will help you to
focus on how you will implement various little
algorithms. Be particularly conscious of defining
appropriate string variables and arrays.

In the hangman program we will store the word to
be guessed in the string W$. The length of this string
(the number of letters in the word) will be L. How can
you tell when the word has been guessed correctly or
when it is time to be hanged? You will need to keep
track of the number of spaces NL that have been
correctly filled in. Also you will need the number of
incorrect guesses. We will call this value NH. Each
letter guessed will be stored in the string G$. You can
determine whether a guessed letter G$ is in the word
W$ by comparing G$ with each letter in W$ and
noting where any matches occur. To let you know if
any match occurred, define a flag R. Set R to 1 if any
match occurs and set R to 0 if G$ is not in W$. We have
now defined the variable names given in Figure 15.3.

We can now use these variable names to put a little
more detail in the pseudocode description of the
program given in Figure 15.2. For example, the do
until loop can be rewritten in the form shown in Figure
15.4. Note that the word is guessed when NL=L, and
you are hanged when NH=6. The algorithm to search
for a letter in the word is given by the for...next loop.
Note that this algorithm displays each correct letter in
its proper position so that nothing more needs to be
done in the then part of the subsequent if..then...else
statement. Also note that the flag R is used to tell if a
letter is in the word.

You have now developed the program to the point
where you can begin to writesome BASIC code. Since
you have already done most of the work, the BASIC
code will practically write itself.

Figure 15.3 Definition of initial variables to be used in
Hangman program.

W$ = word to be guessed
L = length of word to be guessed

G$= letter guessed
NL = number of correct letter positions guessed
NH= number of incorrect guesses

Fl if G$ is in W$
LO if G$ is not in W$

Figure 15.4 More detailed version of do until loop
used in Hangman program.

NL=0
NH=O
do until NL= L or NH=6

Guess a letter G$
for I =1 to L

if G$=MID$(W$,I,1)
then print G$ plus space

NL=NL+1
R=1

else move cursor 2 spaces
next I
if R=1
then do nothing
else NH=NH+1

display NO "letter"
add part to body

enddo

Writing the Main Program

Your next step should be to write the main program in
BASIC following the pseudocode description given in
Figures 15.2and 15.4. Try to write this entire program
so that it fits on the screen and you can read it all at
once. To do this, use subroutine calls for anything that
takes a lot of codingand for anything you have not yet
figured out how to do.

The main programs for hangman are shown in
Figure 15.5. Line 20 clears the screen and prints
HANGMAN in reverse video. Line 30 displays the
gallows and the words GUESS A LETTER (subrou¬
tine 600) and finds a random word W$ (subroutine
1000). Line 50 finds the length, L, of the word W$ and
moves the cursor to the first “blank” position.
(Subroutine 500 is our usual “Move to X,Y” subrou¬
tine.) Each letter position will be separated from the
next one by a space. Therefore, by computing the
starting position (X) of the word by the equation
X=10~ L, each word will be approximately centered
on the screen in the case of VIC 20. This will limit the
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maximum length of words to 10. Line 60 prints the L
spaces for the word to be guessed.

Lines 80-150 implement the do until loop shown in
Figure 15.4. (The initialization of S$ to the null string
in line 80 was added when the subroutine to guess a
letter in line 400 was written.) Line 100 moves the
cursor to the position of the blinking cursor following
the words GUESS A LETTER and then calls
subroutine 400 to guess a letter G$. Line 1 10 moves the
cursor to the first letter position in the word and sets
the flag R toO. Lines 120-135 implement the/br...next
loop given in Figure 15.4. Lines 140-150 implement the
last if...then...else statement in Figure 15.4. Subrou¬
tine 900, called in line 150, will display NO “letter”and
add a part of the body.

Lines 160-180 implement the last if...then...else
statement in Figure 15.2. We have actually inter¬
changed the roles of then and else. That is, line 170 is
equivalent to if word is not guessed. Subroutine 300,
called in line 170, will display the correct word.
Subroutine 700, called in line 180, will blink the word.
Line 190 will ask PLAY AGAIN? and then get G$
from a blinking cursor in subroutine 800. Line 200 will
cause a new game to be played if the answer to PLAY
AGAIN? is Y.

We have now written a complete main program that
implements the hangman algorithm given in Figure
15.2 We have also identified all of the subroutines
that must still be written. These are summarized in
Figure 15.6.

Figure 15.5 Main programs for Hangman: (a) VIC 20
and (b) Commodore 64.

10 REM HRNGMRN
20 PRINT" ;SPC C. 7 >; " SHRNOMRN"
30 GOSUB 600:GOSUB 1060
50 L=LENCN$> : :X=10"L : GOSUB 500
60 FOR 1=1 TO L:PRINT"- " M NEXT
SO NL=0 : NH=0 ; S$=" "
90 IF NL=L OR NH=6 THEN 160
100 V=7 : X=15 : GOSUB 500:GOSUB 400
110 V=4 : X=10--L. : GOSUB 580:R=0
120 FOR 1=1 TO L/IF GS-HID*( THEN PRINT G48 "H" J : NL=NL+UR=1 GOTO 135
130 PRINT"»»I";
135 NEXTI
140 IF R=1 THEN 90
150 NH=NH+1 : GOSUB 900 : GOTO 90
160 V=20 : X=6 : G0SUB 580
170 IF NH=6 THEN PRINT"V0U HRE HANGED!":GOSUB 300 : GOTO 190
180 PRINT"VOU HRE SHVED" : GOSUB 700
190 V=22 ; X=6 : GOSUB 588 : PRINT "PLAV AGAIN? " M GOSUB 808
200 IF G$="V" THEN 20
210 END

READV.,

10 REM HANGMAN
20 PRINT " ;SPC(15).;" SUANGMAN”
30 GOSUB 600: GOSUB 1000
50 L=LEN<m :V=5:X=10~L : GOSUB 500
60 FOR 1=1 TO L:PRINT"- "I NEXT
80 NL=0;NH=0;S$=""
90 IF NL=L OR NH=6 THEN 160
100 V=7 ; X=15 ; GOSUB 500: GOSUB 400
110 V=4 : X=10~L : GOSUB 500 ; R=0
120 FOR 1=1 TO LMF G$=MID$<W$.. 1,1) THEN PRINT GS1 "M" J : NL»NL+1:R=1 ; GOTO 135
130 PRINT "Hill";
135 NEXTI
140 IF R=1 THEN 90
150 NH=NH+1 : GOSUB 900 : GOTO 90
160 V=20:X=12: GOSUB 500
170 IF NH=6 THEN PRINT"YOU ARE HANGED I " : GOSUB 300 : GOTO 198
180 PRINT"V0U ARE SAVED": GOSUB 700
190 V=22 : X=12 : GOSUB 500 : PRINT"PLAV AGAIN? GOSUB 800
200 IF G$="V" THEN 20
210 END

READV.
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The next step is to write the minimum amount of
code in each subroutine that will allow you to run and
test the main program. This stub can be nothing more
than a RETURN statement that does nothing but
return to the main program. Once you are certain that
the main program is behaving properly, you can then
write and test each subroutine separately. They can
then be tested by running the main program to call the
subroutines. This technique of top-down program¬
ming allows you to plan the entire program and begin
to test it before you are involved in all the details of
every subroutine. It also keeps your program well-
modularized, which will make it much easier for you to
debug and modify the program.

Figure 15.6 List of subroutines called from main
program.
Line No. Subroutine

600 Initial display (GUESS A LETTER, gal¬
lows)

1000 Find a Word, W$
500 Move to X,Y
400 Guess a Letter, G$
900 Wrong Guess—NO “letter", add to

body
300 Print correct word
700 Blink word
800 Get G$ from blinking cursor

Writing the Subroutines

We have already written subroutine 500 and used it
many times. It is shown in Figure 15.7 and should be
added so that the main program can move the cursor
to the proper location on the screen.

For subroutine 600, printing GUESS A LETTER is
easy enough, but drawing the gallows will take more
thought. Therefore, for now, type these statements for
subroutine 600 and worry about drawing the gallows
later:

600 REM INITIAL DISPLAY
610 X=0: Y=7: GOSUB 500
620 PRINT “GUESS A LETTER”
630 RETURN

In order to test the main program, you should store
a known word in W$. Therefore, for subroutine 1000
type the following statements, which will assign the
word HANGMAN to W$:

1000 REM FIND A WORD
1010 W$=“HANGMAN”
1020 RETURN

Figure 15.7 Subroutine to "Move to X,Y”.
500 REM MOVE TO X,Y ON SCREEN
510 PRINT"SI"; : IF Y=0 THEN 530
520 FOR 1=1 TO ¥ = PRINT : NEXT
530 PRINT TRBsX); RETURN

READY.

It is a good idea to pick a test word that contains
multiple occurrences of a single letter in order to make
sure that the main program displays all letters in their
proper locations. Later, you can come back and make
subroutine 1000 produce random words.

Subroutine 800 will use the GET statement to get
G$ from a blinking cursor. We have done this before,
so we will just use the subroutine shown in Figure 15.8.
Note that line 840 will print the value of the key
pressed at the location of the blinking cursor and then
back up the cursor so that it remains at the location at
which the letter was printed. This will be important if
you want to call subroutine 800 again without
redefining the location of the cursor. (You will want to
do this in subroutine 400.)

Figure 15.8 Subroutine to GET G$ from a blinking
cursor.

800 REM GET G$ FROM BLINKING CURSOR
810 PRINT" a -FOR 1=1 TO 200: HEXT
820 GET G$:IF 640"" THEN 840
830 PRINT" II";:FOR 1=1 TO 200 = HEXT : GOTO 810
840 PRINT 0$ J "II": : RETURN

READY.

Subroutine 400 is supposed to guess a letter, G$. At
first this looks just the same as subroutine 800.
However, you do not want to allow letters that have
already been guessed. (Otherwise, you could hang
yourself by typing the same wrong letter six times.)
Therefore, subroutine 400 must keep track of all letters
that have been typed and return only new values for
G$. We will figure out how to do this later. For now
just type the following statements to get a letter G$ by
calling subroutine 800:

400 REM GUESS A LETTER
410 GOSUB 800: REM GET A LETTER G$
420 RETURN

For subroutine 900 type:

900 REM WRONG GUESS
920 PRINT “NO G$
930 RETURN
You know this will be printed at the wrong location on
the screen, but it will help test the main program. You
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can change its location later and figure out how to add
a new part to the body each time there is a wrong guess.

For subroutines 300 and 700 just type stubs for
now:

300 REM PRINT CORRECT WORD
310 RETURN

and

700 REM BLINK WORD
710 RETURN

With this much of the program written, you can run
the main program and test to see if it is working
properly. Figure 15.9 shows what the screen might
look like during such a test.

After you have debugged the main program (it will
not work the first time—Figure 15.5 was not the first
version), you are ready to tackle the remaining
subroutines one by one.

H ft I M H E

0E5S A LETTER I

Figure 15.9 Testing the main program of Hangman.

Writing the Remaining Subroutines

You can now go through and finish the subroutines
listed in Figure 15.6. Figure 15.10 is a listing of
subroutine 600, where lines 630-660 have been added
to draw the gallows shown in Figure 15.1.

The “guess a letter” subroutine (400) is shown in
Figure 15.11. Lines 420-440 have been added to insure
that no letter is guessed more than once. Line 440
keeps track of all letters that have been guessed by
adding each new letter to the string S$. (This is why we
initialized S$ to the null string ”” in line 80 of the main
program.) Each time line 410 GETs a net letter G$, it
is compared with all previous letters (stored in S$) by
the loop in lines 420-435. If a match is found in line
430, the program GETs a new letter in line 410.

The “wrong guess” subroutine (900) is shown in
Figure 15.12. Lines 910-920 print NO “letter” at the

Figure 15.10 Initial display subroutine that draws
gallows, (a) VIC 20 and (b) Commodore 64.

600 REM INITIAL DISPLAY
610 X=0: Y=7 :GOSUE 500
620 PRINT "GUESS A LETTER"
630 X=13 = ¥=9 ; GUSUB 500
640 print "zzzzz/MiMiiri l";
650 FOR 1=1 TO 7 TRINT"Mil IZ" J TEXT
660 PRINT "ZZMiil "
670 RETURN

READY.

600 REN INI I IAL DISPLAY
610 X=0 : ¥=7 : GOSUB 500
620 PRINT "GUESS A LETTER"
630 X=30 : Y=9 TuSUE 500
640 PRINT "ZZZZZ/MiiiiiFl 1Z";
650 FOR 1=1 TO 7 TRINT"Mil IZ'G TEXT
660 PRINT"Z/Miil "
670 RETURN

READY.

Figure 15.11 The subroutine to guess a letter.
400 REN GUESS A LETTER
410 GOSUB 800 REM GET A LETTER GT
420 FOR J=1 TO LEN(ST)
430 IF G$=MID$<S$..Ja> THEN 410
435 NEXi J
440 ST=ST+GT : RETURN

READY.

appropriate location on the screen. Lines 930-985 add
the appropriate part of the body to the hanging
person. Note the use of the ON...GOTO statement
(which is similar to the ON...GOSUB statement,
except that it is an absolute branch) to add the
appropriate part of the body.

Subroutine 300 shown in Figure 15.13 prints the
correct word above the spaces when the person is
hanged. Note the use of the function MID$ in line 330
to print each letter of the word W$ followed by a blank
space.

Subroutine 700 shown in Figure 15.14 blinks the
word by alternately displaying it ten times, first in
normal and then in reverse video mode.

If all of the above subroutines are working
properly, you can start adding some new random
words in subroutine 1000. There are several ways to do
this. One possibility is shown in Figure 15.15. Line
1010 sets a random seed for the random number
generator. Line 1020 defines the number of words NW
stored in the DATA statements starting at line 1100.
You can add more words and increase the value of
NW. In line 1030, X is assigned a random number
between 1 and NW. Line 1040 moves the “pointer” to
the beginning of the DATA statement. Line 1050 reads
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the first X words. Therefore, word X will end up in W$.
Note that with this subroutine the same word can
occur more than once. If you want to avoid this, you
will have to keep track of the values of X that have
been used and not use the same ones more than once
(see Exercise 15-1). Of course, you will then only be
able to play ten times in one run of the program.

Sample runs of this program on the Commodore 64
are shown in Figure 15.16.

To make this game really interesting, you will need
a largedictionary of possible words so that you can use
different words each time you play. One way to do this
is to store a large number of words on the cassette tape
or floppy disk and then read in a random group of
words each time the game is played.

Figure 15.12 The “wrong guess” subroutine prints NO
“letter” and adds a part to the body: (a) VIC 20 and
(b) Commodore 64,

(a) 900 REM WRONG GUESS
910 X=1;Y=7:F0R J=1 TO IIH Y=?+2 NEXT GOSUB 509
920 PRINT "NO "1G$
930 X=14 Y=11 = GOSUB 50©
940 ON NH GOTO 960/965,970/ 975/ 9803 985
960 PRINT" Mill :RETURN
965 PRINT")®!rrj««H " : RETURN
970 PRINT "JMl-'MI “ : RETURN
975 PRINT"KO»r<Bii I" RETURN
980 PRINT"mMZBll " : RETURN
985 PRINT"MMW^ I" : RETURN

READY.
(b) 900 REM WRONG GUESS

910 X=1:Y=7-FUR J=1 TO HH : V='t'+2 UiEXT : GOSUB 500
920 PRINT "N0 ",GT
930 X=31 •’ Y=11 GOSUB 500
940 ON NH GOTO 960 / 965 / 979,975,989,985
960 PRINT" r-.MUr-'" RETURN
965 PRINT"WTT!lilI RETURN
970 PRINT "MMll/MII RETURN
975 PRINT"Ml®»Mll I" RETURN
980 PRINT" RETURN
985 print" i":return

READY.

Figure 15.13 This subroutine prints the correct word
above the spaces.
300 REM PRINT CORRECT WORD
310 PRINT "SOOTHE WORD IS"
320 7=3:X=10“L:GOSUB 500
330 FOR 1=1 TO LTRINT MID:mi$, 1,1); " " 1 : NEXT
340 RETURN

READY.

Figure 15.14 This subroutine blinks the word.

700 REM ELINK WORE
710 FOR J=1 TO 10
720 7=4 ; X=10-L : GOSUB 500
730 FOR 1=1 TO L:PRINT MIDTt.HT,I.- 1? , " "
/40 X=10-L -GOSUB: 500
750 FOR 1=1 TO L : PRINT" 3" / MIDT( WT,1,1) 1
760 NEXT,! : RETURN

NEXT

", NEXT

READY.
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Figure 15.15 Subroutine that finds one of ten words at
random.
1000 REM FIND Fl NORD
1010 X=RND(-TI)
1020 HW=10
1030 X=INT(RND(1)*NN+1)
1040 RESTORE
1050 FOR 1=1 TO X:RERD N$ = HEXT
1060 RETURN
1100 DATA HYPOTENUSE,NURSE,FAMOUS,EMPIRE,ELK,DIGNITY
1110 DATA CONDI TION,ERIEE,PAPER,QUAIL

READY.

LETTER R
TMO

NO

0 _A

LETTER L

<1; '
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RfWiAnHi

I
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K
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YOU ARE HAN6E&?
PLAY AGAIN?

YOU ARE SAUEO
PLAY AGAIN?

Figure 15.16 Sample runs of Hangman program.

THE WORD IS
FAMOUS

STORING DATA ON A CASSETTE TAPE
OR FLOPPY DISKETTE

You have been using the cassette tape recorder and / or
floppy disk drive to save and load your BASIC
programs. It is also possible to include statements in
your programs that will allow you to store data on a

tape or diskette and later read back this data. (This
may or may not be the same tape/ diskette that
contains your program.) You do this with the PRINT#
and INPUT# statements. In order to use these
statements, you must also use the OPEN and CLOSE
statements.

The OPEN and CLOSE Statements

Before you can write data to a tape or diskette your
program must execute the statement OPEN K,N,1,
“string” where K is any number between I and 255,
string is a filename of your choice, and N is either I or 8
depending upon whether you are storing data on a
tape or diskette. Before you can read the data back,
you must execute the statement OPEN K,N,0“string”.
For example, to write data on a tape, you could use

OPEN 1,1,1,“DATA”

and, to read a diskfile called KEYWORDS, you could
use

OPEN 8,8,0,“KEYWORDS”

The number K above is called a logical file number,
and it must be the same as the number used in the
PRINT# and INPUT# statements. Figure 15.17shows
the meaning of the three numbers in the OPEN
statement.

Figure 15.17 Meanings of the numbers in the OPEN
statement.

1 = tape cassette
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The second number in the OPEN statement refers
toa particular physical device. A 1 means that the data
will be written to (or read from) the cassette tape unit.
An 8 means the disk drive. Other physical devices use
different numbers, as shown in Table 15.1.

TABLE 15.1 Physical Device Numbers
Physical Device
keyboard
cassette tape unit
RS232 serial device
screen
printer
disk drive
serial device

Device Number
0
1
2
3
4 or 5
8 or 9
4-127

If the physical device number is omitted from an
OPEN statement then, by default, the OPEN state¬
ment will refer to the tape cassette unit. Also, when
writing on or reading from tape (not the disk), the
filename is optional and may be omitted. In this case,
when reading from tape, the first file found will be
read.

The third number in an OPEN statement is called
the secondary address code, and its meaning depends
upon the physical device being used (as defined by the
second number in the OPEN statement). If the
physical device is the tape cassette unit, the secondary
address codes have the meanings shown in Table 15.2.
If the secondary address code is omitted, a read
operation is implied.

TABLE 15.2 Secondary Address Code for Tape
Cassette Units
Secondary Address Code Meaning
0 (default) OPEN for read
1 OPEN for write
2 OPEN for write and

add end-of-tape
(EOT) mark when
file is CLOSEd

When a program executes the statement OPEN
1,1,1,“string” the Commodore 64/ VIC 20 will display
the following message on the screen (assuming no keys
on the cassette unit are pressed): PRESS RECORD &
PLAY ON TAPE. When you press these keys, the
Commodore 64/ VIC 20 will display OK, write a
header on the tape, and then stop the tape. During this
time, the Commodore 64 (only) blanks the screen. If
you keep the PLAY and RECORD keys depressed,
the Commodore 64/ VIC 20 will automatically write
data on the tape in response to PRINT# statements, as
described below.

When the program executes the statement OPEN
1,1,0,“string” the Commodore 64/ VIC 20 will display
the following message on the screen (assuming no keys

on the cassette unit are pressed): PRESS PLAY ON
TAPE. When you press this key (or any key for that
matter, since the Commodore 64/ VIC 20 cannot tell
which key you pressed), the Commodore 64/ VIC 20
will display OK and the Commodore64 will blank the
screen. Then, it reads the tape until it finds the
filename“string'" on a previously written tape header,
and then stops the tape. (If you omit the filename, it
will stop at the first previously written tape header it
finds.) If you keep the PLAY key depressed, the
Commodore 64/ VIC 20 automatically reads data
from the tape in response to INPUT# statements, as
described below.

When a program executes the statement OPEN
8,8,1,“string” the Commodore 64/ VIC 20 creates a
channel for communication to the disk drive and a
header with the name “string" on a diskfile. When
PRINT# statements are encountered, it transmits the
associated data to the “string" diskfile. When the
program executes the statement OPEN 8,8,0,“string”
the Commodore 64/ VIC 20 creates a channel for
communication to the disk drive and looks for a
diskfile with the filename “string". When INPUT#
statements are encountered, it retrieves the necessary
data from the“string" diskfile.

After a program has written data to (or read data
from) either tape or diskette, the logical file that was
opened with the OPEN statement must be closed with
a CLOSE statement of the form CLOSE K. In this
statement the number K is the logical file number and
must agree with the logical file number used in the
corresponding OPEN statement, as shown in Figure
15.18. The CLOSE statement will put an end-of-file
(EOF) mark on the tape and close the communications
channel to the disk.

Figure 15.18 Logical file numbers must be the same in
OPEN and CLOSE statements.

OPEN K,N,1,"string”

write data
to device
with PRINT#K

CLOSE K

OPEN K,N,0,"string”

read data A
from device \
with INPUT#K \

CLOSE K

The PRINT# Statement

After the statement OPEN K,N,l“string” is executed
your program can write string data to the tape or
diskette with the statement PRINT#K,W$. When
writing this statement the question mark (?) cannot be
used as an abbreviation for PRINT. The statement
PRINT#K must be typed as shown with no blanks.
You can also write numerical data to the cassette tape
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by using a numerical variable name in the PRINT#
statement.

The program shown in Figure 15.19 can be used to
store a list of words on a tape or diskette for later use in
the hangman program. Line 20 solicits a device
number (l=tape or 8=disk) and a filename from the
keyboard. Line 30 OPENs a logical file for writing.
Line 40 displays the message ENTER WORDS;
TYPE £ TO STOP. Line 50 waits for a word to be
typed in and assigns this word to the string variable
W$. If you type a poundsign (£), line 40 will branch to
line 90, which CLOSEs the file and stops the program.

Figure 15.19 Program to store words on a tape or
diskette as they are typed on the keyboard.
18 REM STORE WORDS ON TAPE
28 INPUT "DEVICE# > FILENAME";N,F$
30 OPEN 1,N,1,F$
40 PRINT "ENTER WORDS; TYPE £ TO STOP"
58 INPUT W$
60 IF W$="£" THEN 90
70 PRINT#!,
30 GOTO 50
'90 CLOSE 1
100 END

READY.
Line 70 writes the word stored in W$ to the tape or

diskette. Actually it stores this word in a buffer (a
section of memory). The Commodore 64/ VIC 20
waits until the buffer is full (or until a CLOSE
statement is executed) before writing all the characters
in the buffer out to the tape or diskette.

Line 80 branches to line 50 which waits for another
word to be entered. You can type in many words
before the tape moves, because no writing is done until
the buffer is full. If you do not fill up the buffer before
you type the poundsign (£), the contents of the buffer
are written to the tape when the CLOSE statement is
executed.

A sample run of the program given in Figure 15.19
is shown in Figure 15.20. Once a long list of words has
been stored on a tape or diskette, it can be used with
the hangman program. The program can be modified,
as described in the next section, to retrieve a different
random set of words each time it is run.

The INPUT# Statement

After the statement OPEN K,N,0, “string” is exe¬
cuted, your program can read string data from a tape
or diskette with the statement INPUT#K,W$. You can
read numerical data from a cassette tape by using a
numerical variable name in the INPUT# statement.

IREADY .
KUNElUICER, FILENAME? i.DATA
PRESS RECORD & PLAY &N TAPE
ENIfR HORDS, TYPE £ TO STOP

HPUSf ;
•

f" AP

"--f^ENT

Figure 15.20 Sample run of program in Figure 15.19
that stores five words on a cassette tape.

As an example of using the INPUT# statement, the
program shown in Figure 15.21 will read back the data
that was stored in Figure 15.20. Line 20 solicits the
device number and a filename. Line 30 OPENS a
logical file for reading. Line 40 reads one string from
the tape and stores it in the string variable W$.

Figure 15.21 Program to read data that was stored
using the program in Figure 15.19.
10 REM READ DATA
20 INPUT "DEVICE#,FILENAME";N,F$
30 OPEN 1,N,0,F$
40 INPUT#! ,W$
50 PRINT W$
68 IF ST064 THEN 40
70 CLOSE 1
30 END

READY.

The Commodore 64/ VIC 20 has an input/output
status word whose value at any time is given by ST.
The value of ST depends on the result of the last input
or output operation performed. It is useful to know
that if the Commodore 64/ VIC 20 reads an end-of-file
(EOF) mark, the value of ST will be set to 64. This fact
can be used, as shown in line 60 of Figure 15.21, to
determine when all the data has been read.

Each string read is automatically PRINTed in line
50. If an end-of-file (EOF) mark is not read, line 60
branches to line 40, which reads the next string. The
result of executing this program, using the data tape
created in Figure 15.20, is shown in Figure 15.22.

Suppose that you have created a data tape or
diskette containing a large number, NT, of hangman
words, using the program given in Figure 15.19.
(Assume NT=60.) How can a different random set
of ten of these words be used each time hangman is
run? One possible method is suggested in Figure 15.23.
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>EUICE«>FILENMC? i,MTN
*RESS PLAY ON TOPE
IK
IOOSE
‘M?
iowuter
1001
EXCELLENT
EARY.

Figure 15.22 Result of running the program in Figure
15.21 using the data tape/diskette created in Figure
15.20.

Ten words from the tape will be stored in the array
W$(I). In order to store a different set of words each
time, a random number of words, R, will be skipped
for each word that is actually stored in the array W$(I),
as shown in Figure 15.23.

words stored on
data tape

INPUT#1, W$
and throw
away

HOUSE

CAR

COMPUTER

BOAT

EXCELLENT

INPUT#1, W$(1)

Skip R words

INPUT#1, W$(2)

Figure 15.23 To produce a new random set of words,
skip R (a random number) words between each word
stored in the array W$(l).

In order to skip a word you must read the word and
discard it. You can do this with a statement such as
INPUT#1,WS. To keep a word, put it into the array
with the statement INPUT#1,W$(I).

What range of values should the random number R
have? If you pick N words (10), equally spaced, from a
total of NT (say 60) words, then you will pick one
out of every NT/N words and there will be NT/N— 1
words for every one selected. If you picked a random
number R between 1 and NT/ N— 1, you would seldom
get much beyond the middle of the list before N words
are selected. This is because the average of all the R

values will be about (NT/ N— 1)/ 2. Therefore, in order
to spread the N words out over all of the NT words,
you can let R be a random number between 1 and
2*(NT/N— I).

To incorporate these ideas into the hangman
program add the lines 12 INPUT “ENTER STOR¬
AGE DEVICE# & WORD FILENAME”; N1,F1$
and 15 N=0:I=RND(-TI):DIM W$(50) to the main
program shown in Figure 15.5. Then replace the “find
a word” subroutine given in Figure 15.15 with the
subroutine shown in Figure 15.24. The first time this
subroutine is called (or after N words have been used),
the value of N will be 0 and lines 1020-1095 will be
executed. These lines read another N random words
from the data tape/diskette.

Line 1020 computes the value W=2*(NT/N-1),
which will be the maximum value of the random
number R corresponding to the number of skipped
words on the tape. Line 1030 reminds the user to load
and rewind the data tape if the device number is 1, and
line 1040 then waits until any key is pressed. Line 1050
opens a logical file for reading.

The loop in lines 1055-1085 will read N words into
the array W$(I) (line 1080). After each word is stored in
the array W$(I), R words will be read and discarded by
the loop in lines 1065-1075. A different random value
of R between 1 and W is computed in line 1060 every
time through the outer loop.

Because R is “random,” its value may often be large
enough to get to the end of the data file before N words
are stored in W$(I). To test for this possibility the
status word ST is checked each time a string is read in
lines 1070 and 1080. If an end-of-file (EOF) mark was
read at line 1070 (ST=64), then the number of words
read up to that point (I— 1) is stored in N, and the
program branches to line 1090.

Line 1090 erases the messages associated with
reading the tape. Line 1095 closes the data file, and the
subroutine continues at line 1 100.

Once N words have been read into the array W$(I),
then up to N hangman games can be played before the
tape has to be read again. If the value of N is not 0
when subroutine 1000 is entered, the program
branches immediately to line 1 100, where a random
number I between 1 and N is computed. The new word
W$ to be used in hangman is the word stored in W$(I).
Line 1 110, after assigning W$(l) to W$, replaces the
word in location I (which has just been used) with the
word in location N. The value of N is then decre¬
mented by one in line 1 120. This will insure that no
word is used more than once, since each word is
effectively removed from the list as it is used.

A sample run of the modified hangman program
using the subroutine in Figure 15.24 is shown in Fig¬
ure 15.25.
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Figure 15.24 Modified Hangman subroutine that will
find a word from a collection of words stored on a
data tape or diskette.
1009 REI'1 FIHD Fl HORD
1010 IF IK>9 THEN 1100
1020 HT=&0 : H=10 H=2* < HT/H 11
1025 IF H1=S THEM 1650
1030 frint"»...qhd dfith thpe find remind"
1035 PRINT "PRESS FlN'T RET TO CONTINUE"
1040 GET G$ :IF 0 j=" " THEN 10'40
1050 OPEN 1 .. Hl .. 0., FIT
1055 FOR 1=1 TO H
1060 R=IHT<H4<RNL< 1l+lI
1065 FOR J=1 TO R
1070 INFTH#! .. IO ST=64 THEN H=I 1 GOTO 1039
1075 HENTJ
1080 IHFUTttl HT<I< : IF ST=64 THEN GOTO 1030
1085 HEFTI
1030 F:flINT '' SMI" • F0R: I=1 T0 5 • PRIi-lT ' '
1035 CLOSE 1
1180 1=1HT<H4<RHD< 11+11
1110 IO4.IT < 11 TWMM'liTH)
1120 H=H 1 • RETURN

: NEXT

RERD't'.
Figure 15.25 Sample run of Hangman program using
words stored on a cassette data tape.

YOU ORE SAVER
PLAY MAIN?

C64/VIC ORGAN

As another example of developing a BASIC program,
we will turn the Commodore 64 and VIC 20 into
musical instruments. First, we will figure out how to
play the notes of the scale by pressing keys on the
keyboard, and then we will develop a complete
program that will display the musical keyboard on the
screen.

Playing a Tone While a Key is Pressed

Review the section in Chapter 14 on playing scales
with either the VIC 20 or the Commodore 64,
whichever is appropriate. Also, recall from Figure 14.3
that PEEK(197) will be equal to 64 if no key is pressed.
Therefore, if you turn on a tone you can keep it on as
long as the key is pressed by using the delay loop 1530
IF PEEK(197)<>64 THEN 1530. This will require
that one key be completely released before another one
is pressed. Since pressing a second key will normally
change the value in location 197, the two statements
below will produce a delay as long as the same

1525 K1=PEEK(197)
1530 IF PEEK(197)=K1 AND PEEK(197)<>64
THEN 1530

key (and only that key) is being depressed. You may
think that the condition PEEK(197)064 is not
needed in 1530. However, if you press and release a key
quickly, the program to be described will enter a
subroutine that turns on the tone. By the time
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statement 1525 is executed, you may have released the
key, in which case Kl=64. Without the second
condition in line 1530 the tone would stay on even
though no key is being pressed.

Initialization of the sound and subroutines to play
single tones on both the VIC 20 and Commodore 64
were discussed in Chapter 14. In Figure 15.26 are two
subroutines each for the VIC 20 and Commodore 64
that initialize the sound and play a single tone as long
as a key is held down. The subroutines at line 1600
initialize the sound and, in particular, turn up the
volume. The subroutines at 1500 play a single note
with pitch P as long as a keyboard key is pressed. The
subroutine for the VIC 20 uses the soprano voice
(voice #2) and the subroutine for the Commodore 64
is initialized to produce an organ sound (see Fig¬
ure 14.42).

To test the VIC subroutine, type GOSUB
1600:P=195:GOSUB 1500. To test the Commodore
64 subroutine, type GOSUB 1600:P=4291:GOSUB
1500. The tone should last as long as you hold down
the return key.

Pitch Values for the Musical Scale

To turn the VIC 20 and Commodore 64 into musical
instruments, we must know what pitch values P

Figure 15.26 (a) VIC 20 and (b) Commodore 64
subroutines to produce a tone with pitch P while key
is being pressed.

correspond to the notes of the musical scale. In Figure
15.27 are given the pitch values recommended by
Commodore to produce a midrange three octave C
scale on each computer. Lines 310, 320, and 330
contain the ascending pitch values for notes C, D, E, F,
G, A, and B (plus C, D,and E only on the Commodore
64) in successively higher octaves. Lines 311, 321, and
340contain the pitch values for the chromatics C#, D#,
F#, G#, and A# (plus C# and D# on the Commodore
64) corresponding to the same respective octaves.

Screen Layout

The VIC 20 program we will write will display seven
white keys and five black keys (exactly one octave)
according to the layout shown in Figure 15.28a. The
Commodore 64 program will display ten white keys
and seven black keys as shown in layout of Figure
15.28b. The name of the Commodore 64/ VIC 20 key
corresponding to each key on the screen will be printed
on each key. The name of the musical note for each
white key will also be printed.

When a note is played, an asterisk “pointer” will be
displayed on the key being played for as long as the
tone continues. Thus, as a song is played this “pointer”
will move from key to key.

1506 REM PRODUCE TONE WHILE KEY IS PRESSED
1510 POKE 36876.P
1520 K1®PEEK<197)
1530 IF PEEK(137>=K1 AND PEEK <137>064 THEN 1536
1540 POKE 36876,0:RETURN
1600 REM INITIHLIZE SOUND
1610 POKE 36878,15
1620 RETURN

READY.

1500 REM PRODUCE TONE WHILE KEY IS PRESSED
1510 PH=INT <P/256> :PL=P-256*PH
1520 POKE RR,PL:POKE RA+l.PH
1530 POKE RA+4,WF+1
1540 Kl=PEEiO137>
1550 IF PEEK(197OKI AND PEEK<197>O64 THEN 1550
1560 POKE RH+4, WF : RETURN
1600 REM INITIALIZE SOUND
1605 RA=54272
1610 FOR 1=0 TO 23:POKE RA+1,0:NEXT I
1620 POKE RR+24. 15
1630 WF=16 : AT=1 : DE=15 : SU=15 : RE=0 :
1640 POKE RA+5, 16*AT+DE ; POKE RA+b, 16*SU+RE
1650 RETURN

READY.
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Figure 15.27 Pitch values for a three octave scale on
(a) the VIC 20 and (b) the Commodore 64,

(a) 300 REM PITCH TABLE
310 DATA 135,147,159,163,175,133,191
311 DATA 143, 151, 167, 179, 187
320 DATA 195,201,207,209,215,219,223
321 DATA 199,203,212,217,221
330 DATA 225,228,231,232,235,237,239
340 DATA 227,229,233,236,238

READV.

(b) 300
310
311
320

REM PITCH TABLE
DATA 2145, 240a,2703,2364
DATA 2273,2551,3034,3406
DATA 4291,4817,5407,5728

3215, 3608,4050,4291,4817,5407
3823,4547,5103
6430,7217,8101, 8583,9634,10814

321 DATA 4547,5103, 6069,6812,7647,9094,10207
330 DATA 8583,9634, 10814, 11457, 12860, 14435, 16203, 17167, 19269,21629
340 DATA 9094,10207,12139,13625,15294,18188,20415

READV.

Both organs will start out in octave 1. Pressing key 2
will change them to octave 2 and pressing key 3 will
change them to octave 3. Thus, the total range of the
VIC organ will be exactly three octaves and that of the
Commodore 64 more than three octaves. In the case of
the Commodore 64, for example, pressing key A on
the keyboard when in the octave 2-mode will produce

Figure 15.28 Screen layouts for (a) the VIC organ and
(b) the C64 organ.

C64 ORGAN

KEYS 1-3 SET OCTAVE

the same note as pressing key K when in the octave-1
mode. The octave number that is active is displayed
above the keyboard on the screen.

Word-Description of Program

The program for both organs can be understood from
the pseudocode word-description given in Figure
15.29.

Figure 15.29 Pseudocode word-description for both
organ programs.

Initialize variables
Display keyboard

loop: Wait for key to be pressed
Identify key
if key is a note key
then play note
else if key is 1 , 2, or 3

then change octave number
repeat forever

Variable Definitions

The major variables used in the two organ programs
are defined in Figure 15.30. Using these variables, the
pseudocode program shown in Figure 15.29 can be
refined to the one shown in Figure 15.31. Note how the
do until loop is used to find the index I corresponding
to the key that was pressed. This value of I is then used
to find the proper pitch, which is stored in P(O,I)
where O is the active octave number. If key 1, 2, or 3 is
pressed, no match will occur in the do until loop and L
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Figure 15.30 Major variables used in the two organ
programs.

K$(18) —an array containing the PET characters:
A,S,D,F,G,H,J,K,L,: for the white keys
W,E,T,Y,U,O,P for the black keys

P%(17) —an integer array containing the pitch
values for the corresponding keys in K$(l)

T(3) —an array containing the timbre values 15,
51, and 85 for octaves 1, 2, and 3

T —timbre value to store in Shift Register
P —pitch value to store in Timer 2
A$ —character value corresponding to PET key

pressed

Figure 15.31 Pseudocode description of both organ
programs.

Fill arrays K$(l), P%(l), and T(l) with
appropriate values

Set initial value of T to 15
Display keyboard

loop: Wait for key A$ to be pressed
1=1
do until A$=K$(I) or 1=18

1=1+1

will equal 12 in the case of the VIC 20 and 18 in the case
of the Commodore 64. (Note that this is why K$(I)
must be dimensioned as shown.) In this case I is
changed to VAL(A$) (which will be 1, 2, or 3for a valid
key), and O is changed to I.

The Main Program

The main programs for the two organs are shown in
Figure 15.32. They follow closely the pseudocode
description shown in Figure 15.31. Line 20 initializes
the sound. Lines 30-60 fill the arrays with the
appropriate data. Note that all of the “white” keys are
stored first in K$(I). Also note that the order of the
pitch values stored in P(O,I) is the same as the
corresponding key values in K$(I), according to
Figure 15.27.

Lines 110-200 are a direct implementation of the
loop...repeat forever loop in Figure 15.31. Subroutine
1400, called in line 200, will play the note. Code will be
added to this subroutine to display the asterisk
“pointer” on the screen keyboard before playing the
note. However, for now you can test the playing of the
organ by typing the following statements to call the
tone-producing subroutine shown in Figure 15.26:

1400 REM DISPLAY POINTER
1440 GOSUB 1500: REM PRODUCE TONE
1450 RETURN

You will also need to write the following stub for the
keyboard display subroutine:

600 REM DISPLAY KEYBOARD
610 RETURN

Try running the program now.

Remaining Subroutines

Once you have the musical part of the organ working,
you can finish the keyboard display subroutine as
shown in Figure 15.33. This subroutine will produce
the same (respective) keyboard shown in Figure 15.34.
The lettering on the keyboard is printed using
subroutine 700 shown in Figure 15.35. Lines 710-740
print all the information on the screen. Lines 750-760
initialize some tab values stored in the array TB(I) that
will be used to display the asterisk “pointer” on the
black keys of the keyboard.

Subroutine 1400 shown in Figure 15.36 displays the
asterisk “pointer” when a key is pressed. The value of I
in line 1410 is the value found in the “do until” loop in
lines 100-120 of the main program. If this value is
greater than 7 in the case of the VIC 20 or 10 in the case
of the Commodore 64, then a “black” key was pressed
and its asterisk is printed by the statements starting in
line 1460. The position at which this asterisk is printed
by line 1470 is determined by the value in the tab array
TB(l-7) for the VIC 20 and TB(I-10) for the Commo¬
dore 64 in line 1460. TB(I) was initialized in lines
750-760 of Figure 15.35. After the asterisk is displayed
by line 1470, the note is played by line 1480 until the
key is released. The asterisk is then erased by line 1485.

Lines 1420-1450 produce a similar effect for the
white keys. Since the spacing of the white keys is
uniform, the position of the asterisk on the line can be
calculated by the equation K = 3*1—2 on the VIC 20
and by K= 3*1+3 on the Commodore 64. Examples of
the asterisks displayed when the C64 organ is played
are shown in Figure 15.37.

CONCLUSION

The Hangman and the C64/ VIC organ programs were
developed using the six steps outlined at the beginning
of this chapter. This is not the only way to develop a
program, and these steps may not always be appro¬
priate for all the programs that you write. However,
they are a good guide to use when you get stuck and do

169



Figure 15.32 Main programs for (a) the VIC 20 and
(b) the Commodore 64 organs.
10 REM VIC ORGAN
29 GOSUB 1600:REM IHIT1ALIZE SOUND
30 DIM 12)
40 DATA A,S,D,F,G,H,J, W,E,T, V,U
50 FOR 1=1 TO 12:READ kMD-HEX T
60 FOR 1=1 TO 3: FOR J=1 TO 12: READ p( I.. J):NEXT J : NEXT I70 0=1
80 GOSUB 600 :REM DISPLAY KEYBOARD
90 GET A$:iF A$="" THEN 90
100 1=1
110 IF A$=K$(I) OR 1=13 THEN 130
120 I=I+1;GOTO 110
130 IF I<13 THEN 200
140 KVALkA#) : IF KI OR I>3 THEN 90
145 0=1:PRINT " " J SPC(13) JI
150 GOTO 90
200 P=P < 0 >I) : GOSUB 1400 : GOTO 90

READY.

10 REM C64 ORGAN
20 GOSUB 1600:REM INITIALIZE SOUND
30 DIM KK1S),POj 17)
40 DATA A>S> D,R G;H,J> K.L, " : E, T/Y JJ.. 0^ P
50 FOR 1=1 TO 17:READ KtCIK-HEXT
60 FOR 1=1 TO 3:FOR J=1 TO 17 : READ P(I,J) : NEXT J : NEXT I
70 0=1
80 GOSUB 600:REM DISPLAY KEYBOARD
90 GET AKIF A$="" THEN 90
100 1=1
110 IF A^KKI) OR 1=18 THEN 130
120 1=1+1: GOTO 110
130 IF ICl8 THEN 200
140 I=VAL<Ai) : IF ICl OR I>3 THEN 90
145 0=I: PRINT "SMS" J SPC(21),I
150 GOTO 90
200 P=P(0H> :GOSUB 1400 : GOTO 90

READY.

not know how to proceed. You will probably develop
your own approach to writing computer programs.
Programming is a skill that requires insight, creativity,
a knack for problem-solving, and practice.

If you have read this entire book, typed in all the
examples on your Commodore 64/ VIC 20, and
worked a good number of theexercises, you will have a
good understanding of how to write BASIC programs
on a Commodore 64/ VIC 20. It is now time for you to
start writing your own programs. A great many useful
programs can be written for the Commodore 64/ VIC
20. Pick an area in which you are an expert. How can
the Commodore 64/ VIC 20 help you in this area?Start
by writing a short program, and then expand it into a
longer, more complex program. You will find that
writing computer programs is challenging, rewarding,
and fun. Good luck!

EXERCISE 15-1
Modify the “find a word” subroutine in Figure 15.15
so that no word is selected more than once.

EXERCISE 15-2
Write a program to play the game MASTER MIND.
The computer thinks of an N-digit number where each
digit can be in the range 1-M. The player is allowed to
select N and M at the beginning of the game. The
player guesses a number (all N digits), and the
computer responds with two numbers P and W. P is
the number of digits that were correctly guessed that
are in the correct position in the number, and W is the
number of digits guessed that are in the number but
were guessed in the wrong position. The player
continues to guess numbers until the number is
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Figure 15.33 Subroutine to display the keyboard for
the (a) VIC and (b) C64 organs.

(a) 600 REM DISPLAY KEYBOARD
610 u2$=”:rmTiTn^^
615 POKE 36879,11:PRINT “T
620 PRINT" ;TAB(7);"WIC ORGAN"
630 PRINT PRINT TAB<7);"OCTAVE 1"
635 PRINT
640 FOR J=1 TO 12
645 FOR 1=1 TO 7
650 PRINT"3 I";:NEXTI:PRINT :NEXTJ
655 Bl« IHlIIHIIIIIIIIIHr
660
665 S2$="H HI Himi HI HI "
670 PRINT"" ";U2$;S1$;B$;
680 FOR 1=1 TO 5:PRINT 82$;B#J NEXT
690 GOSUB 700: REM DISPLAY LETTERING
695 RETURN

READY.

(b) 600 REM DISPLAY KEYBOARD
60S RA=54272 •' REM MUSIC REGISTERS REFERENCE ADDRESS
610 U2$="TIITmiTTTT"
615 POKE 53280,5:POKE 53281,0 : PRINT "
620 PRINT ;TAB<15) ,' " 3C64 ORGAN"
630 PRINT:PRINT TAB(15); "OCTAVE 1"
635 PRINT
640 FOR J=1 TO 12:PRINT "
645 FOR 1=1 TO 10
650 PRINT " £1 I"; : NEXTI:PRINT NEXTJ
655 B$="K»II»BMIMIIIIMI»IIBBMI"
660 si$="
665 S2$="HI HI Hmi HI HI H»B»I HI "
670 PRINT"" ”,;U2$;S1$,B$;
680 FOR 1=1 TO 5:PRINT S2$,B$; : HEXT
690 GOSUB 700:REM DISPLAY LETTERING
695 RETURN

READY.

Figure 15.34 Keyboards for the (a) VIC 20 and (b)
Commodore 64 subroutines shown in Figure 15.33.
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Figure 15.35 Subroutine to display the lettering on the
(a) VIC 20 and (b) Commodore 64 organ keyboard.

(a) 700 REM DISPLAY LETTERING
710 print "Trammmirrwmwij"
720 PRINT " "
730 PRINT "maFlWEWIDWFWEWFWLJ"
740 PRINT"MMMB KEYS 1-3 SET OCTAVE
750 DATA 2.. 5,11, 14, 17
760 FOR 1=1 TO 5 -READ TBtD-NEXT
770 RETURN

READY.

(b) 700 REM DISPLAY LETTERING
710 PRINT":TT>I4WE WYIBIJW "
720 PRINT IOBIDWEWFWIjWFWBWOBIDWE"
730 PRINT "M® ;»FIWEWIDWFWEWFIWIJWKW^
740 PRINT"MSMMI KEYS 1-3 SET OCTAVE"
750 DATA 7,10,16,19,22,28,31
760 FOR 1=1 TO 7 : READ TBCIJ^NEXT
770 RETURN

READY.

Figure 15.36 Subroutine to display the asterisk
"pointer” and produce the tone on the (a) VIC 20
and (b) Commodore 64.

(a) 1400 REM DISPLAY POINTER
1405 D8$=" : D3$=D8$+"mm®"
1410 IF 177 THEN 1460
1420 K=3*I-2
1430 PRINT “M";D3$;SPC(K >; "sw;
1440 GOSUB 1500 :REM PRODUCE TONE
1450 PRINT" #3"; :RETURN
1460 K=TBkI-7)
1470 PRINT "S3";D8$;SPC(K ); " *H";
1480 GOSUB 1500
1485 PRINT" S3"; RETURN

READY.

(b) 1400 REM DISPLAY POINTER
1405 D8$=")MIM ;D3$=D8$+"HUMT
1410 IF 1710 THEN 1460
1420 K=3*I+3
1430 PRINT " S3";D3:T,SPC(K), " S*il";
1440 GOSUB 1500 : REM PRODUCE: TONE
1450 PRINT" B3"; : RETURN
1460 K=TB<1-10)
1470 PRINT"S3";D8»;SPC(K), "*0";
1480 GOSUB 1500
1485 PRINT" S3"; : RETURN

READY.
guessed (or until the player gives up and asks for the
answer). When the number is guessed, the computer
displays the number of tries that it took to guess the
number.

Figure 15.37 C64 organ when (a) playing a white key
(F) and (b) a black key (T).

6 «4 ORGA (a
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EXERCISE 15-3
Write a program that stores a song in DATA
statements (see Exercise 14-7) and then plays the song
when the program is run.

EXERCISE 15-4
Modify the program in Exercise 15-3 to store several
songs that the user can select by number.

EXERCISE 15-5
Write a program that will remember each key pressed
on the C64/ VIC organ and the length of time that each
key is pressed (see Exercise 14-4). Have the program
replay the song when the zero key is pressed.

EXERCISE 15-6
Write a program to play the card game blackjack
against the computer. The player first places a bet.
Two cards are dealt to the player, and two cards are

dealt to the computer (one face up and one face down).
The player can ask for a hit (another card) as many
times as he or she wants. The player’s goal is to have a
higher count than the computer without going over 2 1 .
Face cards count as 10, and an ace can count as either 1
or 1 1. Being dealt an ace and a face card is a blackjack
and an automatic win. If the player’s count goes over
21, it is a “bust” and the player loses. After the player
stops taking hits (with the card count less than or equal
to 2 1 ), the computer turns over its face-down card and
can then take additional cards to try to beat the player.
The computer will always take a hit if its card count is
less than 17. The computer will always stand for a card
count of 1 7 or greater. If the player wins, the amount
of the bet is added to his or her winnings. If the
computer wins, the amount of the bet is subtracted
from the player’s winnings. No money is won or lost on
a tie. Have the program continue playing and keep a
running total of the player’s winnings.
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APPENDICES

APPENDIX A—RESERVED WORDS

The following reserved words cannot be used as
variable names or parts of variable names in a
BASIC program:

ABS GET OPEN SPC
AND GET# OR SQR
ASC GOSUB PEEK ST
ATN GOTO POKE STEP
CHR$ IF POS STOP
CLOSE INPUT PRINT STR$
CLR INT PRINT# SYS
CMD LEFTS READ TAB
CONT LEN READ# TAN
COS LET REM THEN
DATA LIST RESTORE Tl
DEF LOAD RETURN Tl$
DIM LOG RIGHTS TO
END MID$ RND USR
EXP NEW RUN VAL
FN NEXT SAVE VERIFY
FOR NOT SGN WAIT
FRE ON SIN

APPENDIX B—ASCII CODES

Table B.1 shows the ASCII codes for all letters,
digits, punctuation marks, and the standard graph¬

ic symbols. Table B.2 shows the ASCII codes for
other special keys.

APPENDIX C—PEEK/POKE CODES

Table C.l shows the PEEK/POKE screen codes for
the standard uppercase/ graphics character set. Table
C.2 gives the PEEK/POKE screen codes for the
alternate lowercase /uppercase character set.

APPENDIX D—HEXADECIMAL NUMBERS

Although not needed when programming in BASIC,
hexadecimal numbers are useful when dealing with
data as it is actually stored in the computer. The
following is a brief introduction.

Consider a box containing one marble. When the
marble is in the box, we will say that the box is full and
associate the digit 1 with the box. If we take the marble
out of the box, the box will be empty, and we will then
associate the digit 0 with the box. The two binary digits
0 and 1 are called bits, and with one bit we can count
from zero (box empty) to one (box full) as shown in
Figure D.l.
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TABLE B.1 ASCII codes for letters, digits, punctuation marks, and
graphic symbols.
32
33 !

48 0
49 1

64 @
65 A

80 P
81 Q

96 -
97 *

112 “1 160
161 1

176
177

r
113 •34 " 50 2 66 B 82 R 98 1 114 162 m 178 T

35 # 51 3 67 C 83 S 99 ~ 115 * 163 “ 179 -1
36 $ 52 4 68 D 84 T 100 “ 116 1 164 _ 180 1
37 % 53 5 69 E 85 U 101 117 165 1 181 i
38 & 54 6 70 F 86 V 102 - 118 X 166 182 1
39 •' 55 7 71 G 87 W 103 I 119 0 167 1 183 —

40 ( 56 8 72 H 88 X 104 1 120 4 168 m 184
41 ) 57 9 73 I 89 Y 105 121 1 169 r 185 M

42 * 58 : 74 J 90 Z 106 122 170 1 186 ..-1
43 + 59 ; 75 K 91 L 107 123 4 171 I- 187 H

44 , 60 < 76 L 92 £ 108 L 124 172 « 183 Bl

45 - 61 = 77 H 93 1 109 X 125 1 173 L 189 J

46 . 62 > 78 N 94 T 110 / 126 •n 174 -i 190 a

4? / t'd i 79 0 95 in r 127 1 175 - 191

TABLE B.2 ASCII codes for special keys.
5 WHITE 31 BLUE 142 UPPERCASE

13 RETURN 133 Fl 144 BLACE
14 LOWERCASE 134 F3 145 CRSR UP
17 CRSR DOWN 135 F5 146 RVS OFF
18 RVS ON 136 F7 147 CLR
19 HONE 137 F2 148 INST
20 DEL 138 F4 156 PURPLE
28 RED 139 F6 157 CRSR LEFT
29 CRSR RIGHT 140 F8 158 YELLOW
30 GREEN 141 SHIFT RETURN 159 CYAN

TABLE C.1 PEEK/POKE codes for standard uppercase character set.

0 0 16 P 32 48 0 64 80 ~l 96 112 r
1 Fl 17 Q 33 ! 49 1 65 81 • 97 1 113 Ju

2 B 18 R 34 50 2 66 1 32 — 98 m 114 T

3 C 19 S 35 # 51 3 67 - 83 * 99 115 4
4 D 20 T 36 $ 52 4 68 “ 84 1 100 116 1
5 E 21 U 37 7. 53 5 69 85 X 101 1 117 1
6 F 22 V 38 & 54 6 70 - 86 X 102 118 1
7 G 23 W 39 ' 55 7 71 1 87 0 103 1 119
8 H 24 X 40 C 56 8 72 1 88 4 104 120
9 I 25 Y 41 ) 57 9 f ~'l 89 1 105 r 121 MN

10 J 26 Z 42 * 56 : 74 90 106 1 122 J
11 K 27 L 43 + 59 ; 75 J 91 4 107 E 123 M

12 L 28 £ 44 , 60 < 76 L 92 A 108 « 124 Bl

13 M 29 I 45 - 61 = ? y \ 93 1 109 u 125 J

14 N 30 T 46 . 62 > 78 / 94 IT 110 -1 126 B

15 0 31 *- 47 / 63 / 79 r 95 111 - 127 ’«

TABLE C.2 PEEK/POKE codes for alternate lower case character set.

0 e 16 P 32 48 0 64 — 80 P 96 112 r
1 a 17 1 । 49 1 65 A 81 G! 97 1 113 Ju

2 b 18 r- 34 50 2 66 B 82 R 98 114 t

3 c 19 s / 35 # 51 3 67 C 83 99 115 4
4 d 20 t ' 36 $ 52 4 68 D 84 T 100 _ 116 1

21 u. 37 X 53 5 69 E 85 U 101 1 117 1
6 f 22 v 38 & 54 6 70 F 86 V 102 118 1
7 9 23 w 39 ' 55 7 71 0 Q? w 103 1 119
8 h 24 y 40 ( 56 8 72 H QOOO X 104 in 120
9 i 25 y 41 ) 57 9 73 I 89 Y 105 % 121 UR

10 j 26 z 42 Hi 58 : 74 J 90 4, 106 1 122 1/

11 k <2 ( L 43 + 59 ; 75 K 91 4 107 E 123
12 1 28 £ 44 , 60 < 76 L 92 ft 108 u 124
13 m 29 J 45 - 61 - 77 M 93 I 109 L 125 J

14 n 30 T 46 62 > 78 N 94 110 1 126
15 o 31 47 X 63 ? 79 0 95 111 - 127 %
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Consider now a second box that can also be full (1)
or empty (0). However, when this box is full it will
contain two marbles as shown in Figure D.2. With
these two boxes (two bits) we can now count from zero
to three as shown in Figure D.3. Note that the value of
each two-bit binary number shown in Figure D.3 is
equal to the total number of marbles in the two boxes.

0 = empty box 1 = full box
Number of marbles = 0 Number of marbles = 1

Figure D.1 You can count from 0 to 1 with one bit.

0 = empty box 1 = full box
Figure D.2 Thisbox can contain either two marbles(full) or
no marbles.

We can add a third bit to the binary number by
adding a third box that is full (bit= 1) when it contains
four marbles and is empty (bit=O) when it contains no
marbles. It must be either full (bit=l) or empty
(bit=O). With this third box (three bits) we can count
from zero to seven as shown in Figure D.4.

Total number of marbles
0

1

2

3

Figure D.3 You can count from 0 to 3 with two bits.

If you want to count beyond seven, you must add
another box. This box must contain eight marbles.
The binary number whose value is eight would then be
written as 1000. Remember that a 1 in a binary number
means that the corresponding box is full of marbles.
The number of marbles that constitutes a full box
varies as 1, 2, 4, 8 starting at the right. This means that
with four bits we can count from 0 to 15 as shown in
Figure D.5.

Figure D.5 You can count from 0 to 15 with four bits.
No. of Morb/es
in each full box

(bit - 1)

8 4 2 1 of marbles Hex Digit

0 0 0 0 0 0
0 0 0 1 1 1
0 0 1 0 2 2
0 0 1 1 3 3
0 1 0 0 4 4
0 1 0 1 5 5
0 1 1 0 6 6
0 1 1 1 7 7
1 0 0 0 8 8
1 0 0 1 9 9
1 0 1 0 10 A
1 0 1 1 11 B
1 1 0 0 12 C
1 1 0 1 13 D
1 1 1 0 14 E
1 1 1 1 15 F

It is convenient to represent the total number of
marbles in each set of boxes (that is, each four-bit
binary number) shown in Figure D.5 by a single
character, called a hexadecimal digit. The sixteen
hexadecimal digits are shown in the right-hand
column of Figure D.5. The hexadecimal digits 0-9 are
the same as the decimal digits 0-9. The hexadecimal
digits A-F are used to represent the decimal numbers
10-15. Thus, for example, the hexadecimal digit D is
equivalent to the decimal number 13.

In order to count beyond 15 in binary you must add
more boxes. Each full box you add must contain twice
as many marbles as the previous full box. With eight
bits you can count from 0 to 255. A few examples are
shown in Figure D.6. Given a binary number, the
corresponding decimal number is equal to the total
number of marbles in all of the boxes. To find this
number, just add up all the marbles in the full boxes
(the ones with binary digits = 1).

Binary numbers become more cumbersome to work
with as their length increases. We then use the
corresponding hexadecimal number as a shorthand
method of representing the binary number. This is
very easy todo. You just divide the binary number into
groups of four bits starting at the right and then
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Figure D.6 You can count from 0 to 255 with eight bits.
Total

No. of marbles in each full box (bit — D no. of
728 64 32 16 8 4 2 1 marbles
0 0 1 1 0 1 0 0 52
1 0 1 0 0 0 1 1 163
1 1 1 1 1 1 1 1 255

represent each four-bit group by its corresponding
hexadecimal digit. For example, the binary number
10011010 is equivalent to the hexadecimal number
9A(1001=9 and 1010=A). You should verify that the
total number of marbles represented by this binary
number is 154.

Instead of counting the marbles in the “binary
boxes” you can count the marbles in “hexadecimal”
boxes. The first “hexadecimal” box can contain any
number of marbles from 0 to 15 (0-F hex). The second
“hexadecimal” box must contain multiples of 16
marbles (16, 32, 64, . . .). For the hexadecimal number
9A, the first box contains A*1=10 marbles and the
second box contains 9*16=144 marbles. Therefore,
the total number of marbles is equal to 144+10= 154.

A third hexadecimal box would contain a multiple
of 162= 256 marbles, and a fourth hexadecimal box
would contain a multiple of 163=4,096 marbles. As an
example the 16-bit binary number

1000011111001001
8 7 C 9

is equivalent to the decimal number 34,761 (that is, it
represents 34,761 marbles). This can be seen by
expanding the hexadecimal number as follows:

8 X 163 = 8 X 4,096 = 32,768
7 X 162 = 7 X 256 = 1,792
CX 16' = 12 X 16= 192
9 X 16° = 9 X 1 = 9

34,761

You can see that by working with hexadecimal
numbers you can reduce by a factor of four the number
of digits that you have to work with.

The following table will allow you to convert
hexadecimal numbers of up to four digits to their
decimal equivalents. Note, for example, how the four
terms in the conversion of 87C9 given above can be
read directly from the table.

APPENDIX E-SUMMARY OF BASIC
STATEMENTS

The following summary gives examples of using
various statements in CBM BASIC. For a more

TABLE D.1 Hexadecimal and Decimal Conversion
15 BYTE 8 7 BYTE 0

15 CHAR 12 11 CHAR 8 7 CHAR 4 3 CHAR 0
HEX DEC HEX DEC HEX DEC HEX DEC

0 0 0 0 0 0 0 0
1 4096 1 256 1 16 1 1
2 8,192 2 512 2 32 2 2
3 12,288 3 768 3 48 3 3
4 16,384 4 1,024 4 64 4 4
5 20,480 5 1,280 5 80 5 5
6 24,576 6 1,536 6 96 6 6
7 28,672 7 1,792 7 112 7 7
8 32,768 8 2,048 8 128 8 8
9 36,864 9 2,304 9 144 9 9
A 40,960 A 2,560 A 160 A 10
B 45,056 B 2,816 B 176 B 11
C 49,152 C 3,072 C 192 C 12
D 53,248 D 3,328 D 208 D 13
E 57,344 E 3,584 E 224 E 14
F 61,440 F 3,840 F 240 F 15

detailed discussion of each statement, refer to the
sections beginning on the pages cited.

Data Transfer Statements Page

PRINT A$; B, C 28
INPUT “ENTER VALUE”; C 37
GET A$: IF A$=”” THEN 10 96
READ A,B,C$ 84
DATA 5,10,JOE 84
RESTORE 85
OPEN 1,1,1, “DATANAME” (write to cassette) 162
OPEN 1,1,0, “DATANAME” (read from cassette) 162
PRINT#1,W$ 163
INPUT#1,W$ 164
CLOSE 1 163
X = PEEK(32768) 129
POKE 59468,14 130

Branching and Looping Statements
GOTO 20 19
IF M1>M2 THEN PRINT “TOO SMALL”: GOTO 20 42
FOR 1=1 TO 10: PRINT I: NEXT I 62
GOSUB 500 74
RETURN 74
ON I GOSUB 100,200,300 111
ON NH GOTO 960,965,970,975,980,985 160

BASIC Functions Page
Z=SQR(X) square root 31
Z=ABS(X) absolute value 31
Z=INT(X) integer value 31
Z=SGN(X) sign 31
Z=TI number of jiffies 32
A$=TI$ time 33
X=RND(1) random number 33
Z=SIN(X) sine 34
Z=COS(X) cosine 34
Z=TAN(X) tangent 34
Z=ATN(X) arc tangent 34
Z=LOG(X) natural logarithm 35
Z=EXP(X) exponential function 35
DEF FNA(R)=7r*Rt2 define user function 35
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String-Related Statements Page
B$=LEFT$(A$,I) 116
B$=RIGHT$(A$,I) 116
B$=MID$(A$,IJ) 116
B$=MID$(A$,I) 117
N=LEN(A$) 117
N=VAL(A$) 117
A$=STR$(A) 117
N=ASC(A$) 118
A$=CHR$(A) 119

Other Statements and Commands Page

DIM A(20),B$(3,15) 107
?FRE(1) 108
NEW 16
SAVE “PROGRAM NAME” 16
VERIFY 16
LOAD “PROGRAM NAME” 17
RUN 9
CONT 19
STOP 19
END 20
LIST 21
REM REMARK 20
CLR 108

APPENDIX F— USING MACHINE
EANGUAGE SUBROUTINES WITH BASIC

T’his appendix assumes that you know how to write
6502 assembly language programs. If you have a
machine language subroutine, there are two ways that
you can access this subroutine from a BASIC
program. 1 he first is to use the SYS command, and the
second is to use the USR function.

The BASIC command SYS(addr) will transfer
control to a machine language subroutine starting at
the decimal address addr. This command can be used
in either the immediate mode or the deferred mode.
When the machine language subroutine executes an
RI’S instruction, control will return to the calling
BASIC program.

In BASIC, data values can be passed to and from a
machine language subroutine by using the USR
function. When the BASIC statement X=USR(A) is
executed, the value of A is placed in the floating point
accumulator in the hex locations S61-S66 (97-102
decimal), and control is then transferred to a machine
language subroutine whose starting address has been
placed in locations 000 1 (USB) and 0002 (MSB) on the
VIC 20 and locations 785 (USB) and 786 (MSB) on the
Commodore 64.

When your machine language subroutine executes
an RTS instruction, the floating point number
currently stored in the floating point accumulator will
be assigned to the value of the function USR. That is, it
will become the value of X in the statement X =
USR(A).

APPENDIX G-ANSWERS TO SEEECTED
EXERCISES

EXERCISE 2-3

LIST
ioi air1

REAOV.

REA&V.

READY
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EXERCISE 2-3 contd. EXERCISE 4-1

o aillll. ZiNailllM mih10 EG$=

READY.RUM

READY.

L1» I '

i/$ i/auiv/iHsx/auizzMFRINT E7$
READV.

READY.Is

EXERCISE 4-1

la Bs^'jaMr
20 Byi+wmimii11
30 014=" IF ...•«“
40 l[

50 F154="®is3
60 044=024+ 11 a »«"
70 053=024+"F"
Sti PR114 T01$ ; 2:3if . Fi4.4 . 29$. 0'5 4- / B'7 3 i 034 .■ 2:3 4

Ml

RUN

SiAiS;A$;"-"

ill A2$=»aniir^
35 AA$='<»P
48 A3$="anr50 A4$=*'alliiiir
60 PRIMTW OwO";A3$;"ll";ft:
- A&e - 51 11 - AAc- - aa.ii Xm 1** J”*!. < 3Ma ’

O PllMTA2$:’V S^Ahr’p
Hi";A4$;'T1W

READY .

az zS" :• E34 .; 044 ; E34 04$ .; E34 J 034.
90 F'17 10 I 2:34 ,. " SF IS" 034 .. 2:34.044,E34 054 I

RE0H'4 ..

13 E:i4= " MBHI II 11

15 E®4= "si® Ei," «"

23 E34='2FHimHMira
25 B74= "JU«■■■■■!"
30 014= " aF .-l!’1
40
l®0 034=" sill3
55 iWz'i®^
60 PRIHT 014,E34,024, " 3 «". 234 1 024, E34 J 034 .1 E34 1 E64 J " 3/»" J E74 1 044 1 " 3 .1
70 PRlW T B 74 .1 Fi4 4 .■ 1 'r ' 1

> B7 4 :• 0341 B34,B64 - " 3 z«' ' 1B34, 024:C1 a IS" J E341 Fl241 "F" 1

REmIi't'.
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EXERCISE 4-2
10 b$=":»■■■■■■!"
20 A$="B15
30 A!$="♦♦ "
40 R2$="
50 A3$="
60 A4$="
70 A5$=" 5"
80 PRIntr$;B$;R1$;B$;R2$;B$;R2$;B$;R3$;B$;R2$;B$;R2$;B$.; 84$;b$;R5$.
READ'?.

10 B7$="SliBiiiii"
20 8$="»!
30 81$=" 'IS ar "
40 A2$=" III
50 83$=" IS 3 I "
60 84$=" IS 3 I “
70 A5$=" IB 3 I "
80 A6$=" 111"
90 R7$=" BF "
100 A8$=" J"
110 PRINTR$;B?$iR1$1B?$J R2$ J B7$ 3 A3$;B7$ : 84$;B7$,hi#.B7$;86$;B7*, A 7#,E 7#,88$,
120 SI$="."■»"
130 s2$=":rrrrri«Mm»r
140 PRINTS14: S2$; "
READ'?.

10 B7$="MiHBMHil"
20
30
40
50
60
70
80
90

R$="3Q
81$=" IP 1
824=" IB’-HI I
834=" 3 Sb "
A4$=" 3 a "
854=" "■ a "
86$=" I ir "
a?$=" usra "

100 884="
110 PRINT8$;B7$1 A1$J B7$ J R2$1B7$1R3$1B7$ i 84$ J B7$185$1B?$1R6$1B7$,R741B7$1 ASS1
120 Sl$=":iH"
130 824="TUTTimiailk"
140 printsi$;S2$ j "
READ'?.

10 B7$="J91IHHIHHI"
20 A$="£K
30 ri4= " ar
40 A2$=" i B a
50 834=" sr '"a
60 844=" a
70 R5$-" is» ar
80 R6$=" a I
90 874=" BT ’Sa
100 »84=" K"
110 PRINT84;B7$1 fi14;B74 824;B74;83$;B74;844;B74;85$;B7$ > 86$1B7$ > 87$1B7$188$1
120 S14="Tl»"
130 S2$="rTirrriiiaiia*11

140 PRINTS1$ S24 "M.’aWWT

RE8D'?.

EXERCISE 4-3
a. 1.09544512 b. -0.05 c. 0.416666667 d. 1.29099445 e. 3.62686041
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ABS, absolute value, 31-32
Acreage, 60
Addition, 23
ADSR, 143
Algorithm, 48
Alternate Character Set, 132 34
American flag (See Flag)
AND, 46
APL, 24
Apple II, 1, 15
Arc tangent, 34
Area:

of a circle, 36, 39, 43-44
of a rectangle, 38-39, 44-45
of a triangle, 47-49, 55-56

Areas, (See plotting)
Arithmetic expressions, 24
Array of points, (See plotting)
Arrays, 106-114

integer, 107, 122
multi-dimensional, 108
one-dimensional, 106-8
three-dimensional, 139
two-dimensional, 108-9, 125

ASC, 118-19
ASCII codes, 118-19, 133, 174-75
Assembly language, 14-15
Atari, 1
ATN, 34
Attack, 143
Average, 53, 114

Bad subscript error (See errors)
Bar graphs, 84-95

adding scale, 87-88

INDEX

horizontal, 86-89
multiple, 92-94
of economic data, 92-94, 133 35
splitting the difference, 88-89
using arrays, 109-1 1 1
vertical, 89-94

Base address, 137-38
BASIC, 1, 14

CBM, 14
interpreter, 3, 14
program, 20

Binary number, 128, 176
Blackjack, 173
Blinking cursor, 100
Boxes, (See drawing)
BREAK, 19
Buffer, (See keyboard)
Built-in functions, (See Functions)
Byte, 3, 128-29

Calculator mode, 23-25
Card number, 122
Cards, (See Playing cards)
Cassette tape recorder, 15 17

storing data, 162-65
CBM, 14
Celsius, 41
Cents (See Dollars and cents)
Checkerboard pattern:

custom, 40-41, 56-57, 70
random, 49, 54-55

CHR$, 1 18-19
Circle (See area; circumference)
Circumference of circles, 43-44

Clicks, 141, 146
CLOSE statement, 162 63
CLR, 108
CTRL key, 4-6
Colon, 21
Color codes, 131
Color keys, 5-6
COLOR RAM, 131, 137-38
Comma:

adding to dollars and cents, 121
in PRINT statement, 27

Commodore 64, 1
Compound interest, 35, 60, 114
CONT, 19
COS, 34, 78, 83
Cosine, 34
Cursor, (See blinking cursor)
Cursor keys, 3
Cursor moves in PRINT statement,

7-8
Curves (See plotting)

DATA statement, 84-86
Dealing hand of cards, (See Playing

cards)
Debugging, 19
Decay, 143
Deck of cards, (See Playing cards)
DEF FN, 35-36
Deferred mode of execution, 9, 84
Defining your own graphic

characters
(See Graphic characters)

Delay loop, 100
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DEL key (See INSERT/ DELETE
key)

Division, 24
DIM statement, 107-108
Disk, (See floppy disk)
Do until (See Loops)
Do while (See Loops)
Dollar sign (See string functions,

string variables, and Dollars
and cents)

Dollars and cents
printing, 119-21

Doubling time (See exponential
growth)

Drawing
boxes, 63-64
diagonal line, 98
flag (See Flag)
lines (See Plotting)
pictures interactively, 97-102

Economic data (See Bar graphs)
Editing a statement, 9-11
END, 20
End-of-tape (EOT), 163
EOF mark, 163-64
Errors

bad subscript, 107
illegal quantity, 99
out of data, 84-85
out of memory, 108
overflow, 26
redim’d array, 108
RETURN without GOSUB, 86
syntax, 3
verify, 16, 18

EXP, 35, 78
Exponential function, 34
Exponential growth, 35
Exponentiation, 24

Fahrenheit, 41
Fibonacci sequence, 60
Fighter plane with phasers,

102-105
File name, 16
Flag, American, 61, 68-70
Floppy disk, 17-18

Storing data, 162 65
Flowchart, 51-53

structured, 51-53, 57-60, 62-63
FOR. . .NEXT loop, 62-72

nested, 65-68, 77
FRE, 108
Frequency (See Musical scale)
Functions:

built-in, 31 35
user-defined, 35-36

Gas mileage program, 39-40, 43
bar graph, 95

GET statement, 96-105
GOSUB, 74-76
GOTO, 19
Graphic keys, 3

Graphic characters, 3, 7-9, 148
alternate character set, 133
changing, 101
defining your own, 148-52

Graphic figures, 4, 12-13, 29-31,
40-41

Graphics, 4, 7, 29-31
Sprite (See Sprite graphics)

Hangman, 155-62, 165-66
Hexadecimal:

numbers, 129, 174-77
to decimal conversion, 177

Horizontal bar graphs (See Bar
graphs)

Hypotenuse, 31-32

If. . .then. . .else, 50-52
IF. . .THEN statement, 42-45
Illegal quantity error (See Errors)
Immediate mode, 7-8, 23, 63, 80, 92
Income tax, 52
INPUT statement, 37-41, 96
INPUT#, 164-65
INSERT/ DELETE key, 8-10
INT, 31-32
Integer array, (See Arrays)
Integer value, 31 32
Interest (See compound interest)
Interpreter, (See BASIC)

Jack, 31, 139
Jiffies, 32, 49, 154

Keyboard, 1-6, 37, 129-30
C64/V1C organ, 171

Keyboard buffer, 105
King, 31, 138-39

LEFTS, 1 16
LEN, 117
Letters, (See Three-Dimensional

letters)
Line length, 12-13
Lines, (See Plotting)
LIST, 9-10, 21-22
LOAD, 17-18
LOG, 35, 78
Logarithms, 34-35
Logical expression, 42
Logical file number, 162 63
Logical operators, 46
LOGO key, 3-6, 132
Loop. . .continue if. . .endloop,

59-60
Loop. . .exit if. . .endloop, 59
Loops, 15, 19, 54-73

do until, 57-59
do while, 57-59
FOR. . .NEXT (See

FOR. . .NEXT loop)
nested, 56-57
repeat until, 57-58
repeat while, 54, 57-58

Lower case letters, 132-33

Machine language, 178
Magic numbers, 70

Manhattan Island, 60
Mastermind, 173
Memory, 22, 107, 128-30
Microprocessor, 15

6502, 15, 128
6510, 15, 128
6809, 15
Z80, 15

MIDS, 116-18
Move to X, Y subroutine, 75-76,

89, 103, 159
Multiple statements, 21
Multiplication, 24
Music on the C64/VIC, 166-72
Musical scale, 140-41, 145, 167-68

Name and address, 41
Names, (See Plotting)
Nested loops, (See Loops; also

FOR. . . NEXT loops)
NEW, 9, 16
NEXT (See FOR. . .NEXT loop)
NOT, 46
Notes, (See musical scale)
Null string, 96
Numerical variables, 25

ON. . .GOSUB statement, 111-13,
160

ON. . .GOTO statement, 160
OPEN statement, 162 63
OR, 46
Order of precedence, 24, 47
Organ, C64/VIC, 166-72
Out of data error (See Errors)
Out of memory error (See Errors)
Overflow error (See Errors)

PASCAL, 15, 50
Pay program, 47, 52
PEEK, 128 54
PEEK/ POKE codes, 136-37,

174-75
PET, 82-83
Phaser noise, 141-42, 146
Phasers, 102-105
Physical device numbers, 163
Pi, 25
Pitch, 140-45
Pitch values for musical scale (See

Musical scale)
Plane with phasers (See Fighter

plane with phasers)
Playing cards, 121-27

dealing hand, 124-47
graphics, 31, 122-25
shuffling deck, 123-24

Plotting:
American flag, 68-72
areas, 65
array of points, 66, 76-77
curves, 77-78
lines, 76-77
star field, 66-67
stripes, 67-68, 73
your name, 81-82

Pointer, 84
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POKE, 128-54
graphic pictures, 134-39

Polynomial, 114
Population

density, 95
growth, 61
New England states, 86-89, 107,

114
Primitives for 3-D letter, 78-79
PRINT statement, 7, 23

comma, 27
semi-colon, 28

PRINT#, 163-64
Pseudocode, 51-52, 57-60, 62-63,

156-57, 168-69

Queen, 31, 139

RAM (Random access memory),
2-3, 128-31, 149

Random checkerboard, (See
checkerboard pattern)

Random numbers, 33-34
Random stripe pattern, 73
Radian, 34
Read only memory (See ROM)
READ. . .DATA, 84-95
READ statement, 84-86
Redim’d array error (See Errors)
Relational operators, 45
Release, 143
REM, 20
Repeat until (See Loops)
Repeat while (See Loops)
Reserved words, 11, 174
RESTORE key, 5-6
RESTORE statement, 84-85
RETURN key, 3, 9
RETURN statement, 74-76
RETURN without GOSUB error

(See Errors)
Reverse video, 4-5
Right triangle (See Triangle)
RIGHTS, 116
RND, 33-34, 123
ROM, 2-3, 14, 148-49
RUN, 9
RUN/ STOP key, 19
RVS OFF key, 4-5, 8
RVS ON key, 4-6, 8

Sailboat, 152-54
SAVE, 16-18

Saving programs, 15-18
Scale, (See Musical scale)
Screen address, 130, 135-36
Screen layout, 75, 135

C64/VIC organ, 167-68
hangman, 156

Scientific notation, 26
Secondary address code, 163
Seed, random number, 33-34, 124
Semantics, 15
Semi-colon, 28
Semi-perimeter, 48
Sequence number, 20
SGN, 31-32
Shuffling deck of cards, (See

Playing cards)
SIN, 34, 78
Sine, 34
Sine wave:

plotting, 78
Siren sound, 142, 146-47
Sorting:

in ascending order, 109- 1 1 1
a column of a 2-D array, 125-26
in descending order, 1 1 1
a hand of cards by suit, 125-27

Sounds:
on the Commodore 64, 143-48
on the VIC 20, 140-42

SPC, 26, 29
Sprite, 152-54
Sprite graphics, 152-54
SQR, 31, 78
Square root, 31
Standard character set, 132
Standard deviation, 1 14
Star field (See plotting)
Status word, 164
STOP, 19
STOP key, 5-6
Storing data (See Cassette tape

recorder; Floppy disk)
String functions, 1 16 18
String variable, 11 12
Strings, 7, 27-28, 116-27
Stripes, (See plotting)
Structured flowcharts (See

Flowchart)
Structured programming, 15
STR$, 117-18
Stub, 103-4, 159
Subroutines, 74-82
Subscripted variable, 106

Subscripts, 106
Subtraction, 24
Suit, (See playing cards)
Sustain, 143
Syntax, 15
Syntax error, (See Errors)
SYS, 178

TAB, 26, 29
Tab positions, (See PRINT

statement)
TAN, 34, 85
Tangent, 34
Temperature, 41
Three-dimensional letters, 30, 78-83,

112-14
Tl, 32-34, 49, 154
TIS, 33
Time of day, 32
TIMES, 33
Tone, 140, 143-45, 166 67
Top-down programming, 159
Train model of program, 22, 50,

58-60
Triangle (See Area)

right, 31-32
Trigonometric functions, 34
TRS-80, 1, 15
Two-dimensional array, (See

Arrays)
TV RAM, 130, 134-38

User-defined function, (See
Functions)

USR, 178

VAL, 117
Variables:

numerical (See numerical
variables)

string (See string variables)
subscripted (See subscripted

variable)
VERIFY, 16-18
Vertical bar graphs (See Bar graphs)
VIC 20, 1
Voice, 140-45

Weekly pay program (See Pay
program)

Write data, (See PRINT#)

Z80 microprocessor (See
Microprocessor)
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, X * This easy-to-use,/hook provides begin
ning and advance,d programmers with a
hands-on step-instep approach to pro¬
gramming a Commodore 64™ or VIC 20™in
BASIC. /

Complete with actual photographs taken
from the computers’ video screens,
dore 64/VW 20 BASIC uses graphical exam¬
ples to develop many fundamental program¬
ming concepts. This unique teaching method
gives you the opportunity to actually see a
direct visual picture of what the program is
doing. What’s more, this comprehensive intro¬
duction features numerous examples to help
you write your own programs for specific appli¬
cations. -

Ideal for self-study or classroom instruction,
Commodore 64/VIC 20 BASIC includes valu¬
able information on:

• drawing simple graphic figures
like those shown here

•

• writing a Hangman word game

that plays three octaves
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