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PREFACE

Anvone 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. 1t 1s suitable for introductory program-
ming courses at the high school, junior college, and
university levels. [t 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 | 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 1s
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



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 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
detailin Chapter 13, with examples given for dealinga
hand of cards. Chapter 14 describes the use of the

vi

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 technigues
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.



LEARNING

COMMODORE 64,

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 I, 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 1l 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.

SE THE
20 KEYBOARD

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.




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.

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

e COMMODORE 64 BASIC VU2 woee
64K RAM SYSTEM 38911 BASIC BYTES FREE

READY .

(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



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 byteiseight bits:abitisa | ora0. Thus, for
example 10101101 is a byte. It takes one byte tostorca
character. 1K = 1,024 bytes.) When you turn on a 5K
VIC 20, you should see the message 3583 BYTES
FREE 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 38911 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.

s COMMODORE 64 BASIC VU2 oexe
£4¥ RAM SYSTEM 38911 BASIC BYTES FREE

Note that the message ?SYNTAX ERROR appears on
the screen. This is because JOHN is not a valid BASIC
command, and the computer can respond only to
BASIC commands that it understands.

s COMMODORE 64 BASIC U2 meox
64K RAM SYSTEM 38911 BASIC BYTES FREE

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 2SYNTAX 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
onit)oraSHIFT key (there are two and both function
in the same manner) while pressing the particular
graphic key. The LOGO key causes the left graphic
symbol to be printed whereas the SHIFT key causes
the right graphic key to be printed. Forexample, 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 see 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 are 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
onseveral 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 cursoris 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 1

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.
Forexample, 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

Figure 1.8 Circular figure generated using keys U, |, 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 VIDEOQ. 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
I through 8. See Figure 1.13. Forexample, if you press
CTRL and 4 together, you will see the cursor change to
cyan. Now, if vou type in some ci.aracters, they too
will appear in cyan. Try it.

The eight colors produced by the numeric keys and
CTRL areshown 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.




Figure 1.14 The numeric keys and their colors with
CTRL.

Numeric
Key Color
i bBlact
Z white
3 red
4 CYan
3 ourpie
& areen
7 blus=
2 el law

If you have a Commodore 64, you can get eight
additional colors by pressing the LOGO key together
with one of the numeric keys 1-8. The colors you get
are shown in Figure 1.15. To see 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
1/3down 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).

Numeric

Key Calor
i orange
2 brown
3 light red
4 aray 1
] aray 2
& fight areen
7 light biue
8 aray 3

CTRL 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 1, 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 does this graphics picture remind you of ? A bug?
A spacecraft? Something else?

Figure 1.16 Graphic figures for Exercise 1-1.

EXERCISE I-1
Try to generate the graphic figures shown in Figure
1.16.

EXERCISE 1-2
Repeat Exercise 1-1 but make each graphic figure a
different color.



In Chapter | 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. 1f 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.

STRING"




RINT "#%e"
L4 2's

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 1
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,

PRINT "~ UIHIV"

If yvou 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.

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 either 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.

UIDEO ON
UIDED OFF

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

(b) Color special characters for string symbols.

i CHARA
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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.



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 nor 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.

BASIC statements with line numbers are “stored”
in the computer. They can be RUN at any time. 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). The 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.

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

You can now edit this PRINT 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. The 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, see 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.
Forexample, suppose you want to change the word
HEAR inyour PRINT statement to HEARING. First



PRINT “HE®:"
READY.

Figure 2.8 (a) Editing a PRINT statement.

“HEAR"

{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,

O HELRLEDS

10

' + CLR - INST
= HOME DEL {

'
RESTORE

RETURN

- - —=
SHIFT M CRSR
i =

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).

i8 PRINT "HEARE ™
“HEARING"

Figure 2.11 Inserting: changing HEAR 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 2.12. (Again, the four
lines marked “10” will actually occur on the same line
on the screen at different times).



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 dollarsign ($). [t 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
AXS
MAS
Z7%

You may use longer string names, such as HOUSES
and BOATS. However, the Commodore 64/VIC 20
uses only the firsz 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, vou could type 10
A$="THIS IS A STRING”. From now on the name
AS is considered to be the same thing as the string
“THISIS ASTRING™. Youcan, for example, print it
with the PRINT statement 20 PRINT AS. Try this.
You should get the result shown in Figure 2.13.

a8
a8
i,
HI

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 2.14.

Figure 2.14 Defining a graphic figure as a string
variable.

P
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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 | can be defined as the following three string
variables:

AS$: string for plotting large square
BS: string for plotting small square
C$: 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 are given in the back of
the book.
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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 vou get to the
end of the line on the screen, you can keep on typing.
Do not press RETURN. The Commodore 64/ VIC 20

Exercise 2-3

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.

13
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LEARNING TOgPR

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

14
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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.



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 11 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 svntax and semantics of the various statements
that make up the language. Synrax 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 willdo what you want.
You will find that the computer a/ways does exactly
what you tell it to do. However, often what you tell it
to dois 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. Understanding exactly 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
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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.

fEHDY .

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.

16

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 STOP 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. 1f 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.




LOAD

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.

PLAY ON TAPE

ING
FOURD THREE FIGURES
L OADING

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
0K

SEARCHING FOR THREEFI
GURES
FOUND THREE FIGURES

LOADING
READY -

until it found the correct name, without loading in the
first two programs.

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. The 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.

AUE "THREE FIGURES",8
?’IHE THREE FIGURES
i A

5
R
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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 ?VERIFY
ERROR. The latter means the program was not
SAVEd properly.

SAVE "THREE FIGURES",S8
'*35 THREE FIGURES
RIFY "THREE FIGURES",8

EAECHING FOR THREE FIGURES
YING

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 “5”,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.

18

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 O 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.
onb "THREE FIGURES',S8
ING FOR THREE FIGURES

48
'0:THREE FIGURES",8

ING £6:THREE FIGURES

P 0




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.

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 cando 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.

18 A= aEL_"
20 BES e AWl

READY.

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

—> 48 PRINT A$
58 PRINT Bs%
48 PRINT C#

78 GOTO 48

(prints the large square)
(prints the small square)
(prints the diamond)

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.

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

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. It 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

20

with a sequence number. When the program is
executed (by typing RUN), the statement with the
lowest sequence number is executed first. Additional
statements are 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. Leaving
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 110, 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 REMark 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 are ignored by the Com-
modore 64/VIC 20 when the program is executed.
Their 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
RETURN 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



Figure 3.18 Use of the REM statement to make

remarks in a program on the Commodore 64/VIC 20.
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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
BASIC statement per line by separating the statements
with acolon (:). 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.

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

LT T -

Al _ij{ ﬁ H’ it b
A6 PRIMT A% REM LARGE S0US
S0 PRIMT Ef REM SHMALL SoU
£ PRIMT CF:REM DIAMOMD

FEOGOTO 48

FREOGEAM TO PRIMNT & SOUAREDS A B BLAMOHD COHT IMUQSLY

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 PRINT statements. 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
canslow 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

FEOGREANM TO FRINT 2 SOURRES AMD A DIAMCHEG CORT IHDE0Y
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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 36
38 cs="ANIIN"
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name that identifies it. These names correspond to the
variable names in a BASIC program. For example,
three different seat names could be AS, BS, 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$="JOHN" can be interpreted as meaning “put
JOHN in seat AS.” It is very important to distinguish
clearly between the name of the memory location, or
seat on the train (A$), 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 3-1

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)-(f) over and over again. Stop
the program by pressing the STOP key, and restart it
by typing CONT.



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. Inaddition 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 using the 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.
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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 (1). Thus, if you want to raise 2 to the
power of 3 (2 cubed) vou would type ? 213 and the
Commodore 64/VIC 20 would respond with 8 as
shown in Figure 4.1. Try it.

Arithmetic Expressions

The arithmetic operators +, —, *, /, and 1 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, 1, 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-
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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
? 84+1/3

? 5+3*4/6

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

Figure 4.2 Evaluation of arithmetic expressions on the
Commodore 64/VIC 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 _
Celraais
and not

20 20%5
S5 o

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
inordinary algebra, it does nor 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, *.



Pi, w

The exponentiation key on the Commodore 64/ VIC
20 has the Greek letter pi, , below the symbol t. The
value of 77 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 ?r and the Commodore 64/ VIC 20 will
print the value of 7 (see Figure 4.3).

A circle of radius 5 has a circumference equal to
2#5%z . To find the value, type ? 2*5*7 as shown in
Figure 4.3.

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

Figure 4.3 Examples of using 7.

NUMERICAL VARIABLES

We have seen that strings such as “JOHN" can be
stored in memory cells with names such as A38. If a
memory cell name does nor 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/VIC 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 canalso
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.

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
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first must be a letter, while the second can be a letter or
anumeral. 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
?BOB

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 ?1/3 and ?2/3 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.
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What happens if you type in a number containing
ten or more digits? Try typing 21122334455 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 ?.00123 as shown in Figure 4.8.

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 1s
+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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LOH ERROR

Figure 4.9 You can use scientific notations in your
programs.

Comma

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. Forexample, 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 73,526,489 as shown in Figure 4.10. Note
that instead of printing one number the Commodore
64/ VI1C 20 printed the three numbers 3, 526, and 489.
Ina PRINT statement the comma is used to move to
the next fixed tab position. These fixed tab positions
are located in columns 0 and 11 in the VIC 20 (the
twenty-two screen columns are numbered 0 through
21). if youtry to PRINT more than two numbers ona
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

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

? 3,526,489
3 326

READY .

columns are numbered 0 through 39). In this case, as
shown in Figure 4.11 (example 1), if youtry 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 4.11. One
or more commas can precede a number in order to skip
tab positions, as shown in the last example of
Figure 4.11.

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 11 on the VIC
20; columns 0, 10, 20, 30 on the Commodore 64).

Figure 4.12 Using the comma tab with strings.

34567898, "1234"2

1234
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The comma can be used in PRINT statements to
separate strings from numerical variables, as shown in
Figure4.13. Note that after the string “A="1is 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.

NT "ﬂ:"‘ﬂ
HT "THE UVALUE OF & IS".,A

3
I
I

— S A - [

3
UALUE OF A IS
READY .

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 sirings, 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
asshown in Figure 4.16a. Note that if the value of A is
negative, youmay want to include a blank space at the

Figure 4,14 Using the semicolon to separate numerical
values.
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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.

Figure 4.15 The semicolon leaves no blank spaces
between strings.

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

;A
THE UALUE OF A IS ";p

’

IBLUE OF A IS -3



(a)

(b)

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.

Asanexample, 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 DS contains ten “cursor down™ characters. The
first string in the PRINT statement contains the “clear
screen” character. Thus, the PRINT 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.

16 Dige=" ulelele e el eieie]

26 PRIMT" D%, SPOCLS) ) " aHELLOM" ; D%

FEERL'Y.

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.
Forexample, TAB(15) will move the cursor to column
15 (the sixteenth position) on the line. If SPC(15) in
Figure4.17 is replaced with TAB(15), the program will
produce the same result.

However, SPCand TABdo 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.

8);"1980"

Y.
T “1979";TAB(108);"1988"
1988

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

MORE GRAPHICS

The use of string variables and the semicolon in a
PRINT statement make it easy to draw larger graphic
figures. For example, suppose that AS is a string
consisting of ten repetitions of the left graphic symbol
on the B key. Also let BS be a string consisting of one
“cursor down” and ten “cursor left” moves. Then a
checkerboard pattern can be generated by the state-
ment PRINT AS$;B$;A8;B$;AS%;BS;AS as shown in
Figure4.19. Note that string variables, including those
defined to represent strings of graphics characters and
cursor moves, can be used more than once ina PRINT
statement. Note also that the string variables in the

Figure 4.19 Forming graphic figures using multiple
string variables,

i K B B 3
READ

)

| |

)
READ
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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 B3S, 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.

B35;A35;B3

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 BS and B7$ are
cursor move strings containing one “cursor down™and
eighteen and seven “cursor left™ moves, respectively.
The strings AlS$ and A2S contain the graphic
characters for the top and bottom of the frame. The

Figure 4.21 Example of character graphics.
A

b A Q¢T

LAY

é$-;—ﬁ3$; A35;A35;A35;A25; N45;
1] ; B?s, LU [

P00 bt 00 > = O LN L O 1D

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 lef7 side of the
frame from rop 1o 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 botrom
to top. The PRINT statement in line 70 draws the

Figure 4.22 Graphic figures for Exercise 4-1.



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.

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,

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.

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.

SQR(16)
4

EADY.

L

ot 0 i BR)
- -]
- X3

}21—?&2)
“THE HYPOTENUSE IS EQUAL TO“;R

DR -CE
S0

UN
HE HYPOTENUSE IS EQUAL TO 5

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.
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R= \) X2 + Y2 v

A=3
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=—23.25 then the value of INT(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:

+1- 3f X0
SGN(X)=¢ 0 if X=0
-1 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.
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Figure 4.27 The variable Tl 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 (1 jiffy =
1/60 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
longa 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.




Statement 5 will store in memory cell A the value of
TIwhen 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 110. 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 TIS. Try
typing ?TIS (typing ?TIMES 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
TIS="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 ?TIS (see Figure 4.29).

15
289
DY

'f12613"

T
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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 2RND(1)
20 2RND(1)
30 2RND(1)

o
-
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ML STTT
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3
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Figure 4.30 The function RND(1) produces a random
number between 0 and 1.

The function RND(X) will return a pseudorandom
number between 0 and | 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(1) after the Commodore
64/VIC 20 is turned on, you will always get the same
“random” number.

In order to change the “seed.” vou 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 5to 5 X=RND(—TI)
then each time you run the program you will generatea
completely different sequence of random numbers, as
shown in Figure 4.33.
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1ST Trigonometric Functions
x;% The Commodore 64/ VIC 20 contains the following
;g built-in trigonometric functions:
aby.
y 528 Function Value of Function
378 SIN(X) sine of X
4833 COS(X) cosine of X
READY TAN(X) tangent of X
“g ATN(Y) arc tangent of Y
8
.8

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
Figure 4.31 The function RND(—1) produces a constant, variable, or expression.

particular seed. The definition of a radian is shown in Figure 4.34.
To convert degrees to radians, multiply the number of
degrees by 7/ 180. Examples of using the trigono-
metric functions are shown in Figure 4.35.

radians

A e { =
>
Il

ES AR

1 radian = angle for which S = R

= 57.3 degrees

T radians = 180 degrees
R HIEL T = 3.14159265...

Al Figure 4.34 Definition of a radian.

Figure 4.35 Examples of using the trigonometric

Figure 4.32 The function RND(—2) produces a tunctions SihG COS, [TAN, and AT,

different seed.

Figure 4.33 Using RND(—TI) to produce a seed will
generate different sequences of random numbers,
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Natural Logarithms and the Exponential Function*

83 =5 Consider the equation:

bEan 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

Xx=logyy
If the base bisequaltoe=2.718281 . ..  wesaythaty

is the exponential function y = ¢* and x is the natural
logarithm of v:

x=Iny

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(A1K)=K*LOG(A)

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 = DefT 10

For example, to find the amount of money you would
earn in seven years by investing $3000 at 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 Tg.
From the above equation for X we see that X will be
equal to 2D in the time Ty where:

9.5%7/108)

2 §188%L06(2)
69.3147181
READY .

Figure 4.37 Examples related to the exponential
function.

D= [)el'lu 100

or

2 = L‘I'l.g 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

In(2) = PTy/ 100 In(e)
= PTy/ 100

100 In(2)
I)

Note that In(e) = L. (Try typing ? LOG(2.718281).)

In order to see how long this doubling time is type
M00*LOG(2)asshown in Figure 4.37. We see that the
doubling time is approximately 70 divided by the
percentage growth rate, or

Ty=T70/P

Thus, for example, a 109 inflation rate will double
prices every seven years.

USER-DEFINED FUNCTIONS

Sometimes it is convenient to be able to define your
own BASIC function. Forexample, 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)=x*R12. Later in the program any
reference to the function FNA(R) will cause the
expression 7*R12 to be calculated. For example, the
statement 20 PRINT FNA(3), FNA(5) will print the
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78.5398164

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.

The 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:
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10 DEF FNY2(Y)=Y12
20 DEF FNH(X)=SQR(X12+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 =v/312 + 41 2).

EXERCISE 4-3

Let the variables A,B,C, and D have the following
values: A=2, B=3, C=4, D=35. 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.

. x= (a-CY
_ AB-0)
> Z=DE-—1)
_ _(A+B)
C(D—-A)
d. R =+/(A+B)/(D-A)
RN i
e. S = =



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

. compute the area of a rectangle

. compute the area of a circle

. calculate gas mileage

. draw custom checkerboard patterns.

AWM

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 YALUES™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
prompr 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
A+B(14). Line 50 isa 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 STOP key does not respond while the INPUT
statement is displaying the question mark and waiting

Figure 5.1 Sample program to add two numbers.
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for you to enter data. The only way to end a program
during an INPUT statement is to hold down the
RUN/STOP key and press RESTORE. In general,
this will have the side effect of clearing the screen.

Try experimenting with this program to see how it
behaves. Study the program carefully and make sure
vou 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 prompr 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 line 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: ZREDO 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.
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Note in the second example of Figure 5.2 that the
RETURN 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 =

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 isinserted at the end of the print statement.

Line 35 calculates the area of the circle. Recall that
m 1s 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 70VERFLOW

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

PROGRAM TO COMPUTE THE AREA OF A
T "ENTER THE RADIUS OF A CIRCLE °®

12

“THE AREA OF THE CIRCLE IS";a

[ N o Ty o

OF A CIRCLE ? 35.2
CIRCLE IS 3892.55837

S OF A CIRCLE ? 6,3
CIRCLE IS 113.897336
ENTER THE RADIUS OF A CIRCLE ? 2.5E19
2QUERFLOM ERROR IN 35

READY .
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ERROR IN 35 s 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 {ill-up is stored in memory cell M
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-MI. 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 MPG. Itis printed on the screen by line 60. Line 70
skipsa line, and line 80 branches back to line 20 to run
the program again,

Figure 5.4 Program for computing gas mileage.
18 REM GHZ MILEAGE FROGERRM

268 PRIMT "EMTER FEEVIOUZ ODOMETEER REARDIMG®

25 IMPUT Mi
FRIWT "EMTER HEMW ODOMETER FRERDIMG"
THPUT M2

IMFUT G

MPG=CM2-M1 /G

PRIMT "GHZ MILAGE:":MPG;"MILESAGAL."
FRIMT

GOTO 28

QDU ol

Q0 i o P G

=

REFDY.

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

19.556962x 10 = 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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(b) &

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.

REVIOUS ODOMETER READING
EH ODOMETER READING
ALLONS SINCE LAST FILLUP
AGE: 19.3556962 MILES/GAL.
ER PREVIOUS ODOMETER READING

=
[ [T Y | St S

REVIOUS ODOMETER READING
EH ODOMETER READING
ALLONS SINCE LAST FILLUP
AGE: 19.6 MILES/GAL.
ER PREVIOUS ODOMETER READING

=
dimromram

= D

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. The 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 vou 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

40

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

1o REM CUSTOM CHECEEREOARD FATTERHS

£ IMPUT “"EWTER 2 GRAPHIC CHARRCTERD “.Af. E$
._'_: %) 3

4id

S8 R F+0E+CF

el EZE=lE+DE+IE+DE

£3 PRIMNT

V8 PRINT E1#:FRINT R2%:PRINT Ri%:FRINT R2%
28 PRIMT RE1F:PREINT R2F PEINT R13:PRINT R2F
S8 FRIMT

188 GOTD 20

READY.

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
BS character. For this reason lines 30 and 40 define
two new string variables CS and DS that each contain
the two characters A$ and BS. The string C$ starts
with A$ 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.*

Lines 50 and 60 in Figure 5.6 define new strings R1$
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 R1S and R2S$ in Figure 5.8 that every
other line in the checkerboard pattern should be the
string R1$, and the remaining lines should be the
string R2$. Lines 70 and 80 print eight lines,

*Onthe 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.



Figure 5.8 Illustrating the meaning of A$, B$, C$, DS,
R1$, and R2%.

2 GRAPHIC CHARACTERS ? "“[ije®m",''[jow

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

alternating R1S and R2S. Note that we have included
four PRINT 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 Oand 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:

oC =3 (oF_
C= m (°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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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 itis 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%
relational operators

3. the meaning of the Commodore 64/ VIC 20
logical operators

4. about the if...then...else statement, flowcharts,
and structured flowcharts.

THE IF..THEN STATEMENT

The 1F...THEN statement in CBM BASIC allows
your program to conditionally execute some state-
ments or to conditionally branch to some statement,

42

IF...THEN

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

50 IF logical expression THEN statement

S01F logical expression THEN statement 1: statement
e 15

P4

50 IF logical expression THEN line number

Ineach of these forms the logical expression is some
BASIC expression that is either rrue 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.

Inthe first form of the IF... THEN statement shown
above, il the logical expression is rrue, the statement
following the word THEN is executed. This can be any
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..THEN 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



false, the statement with the nexr line number is then branched back to statement 20, where the
executed. program started over again.

In the third form of the IF.THEN statement In statement 37 you might have branched back to
shown above, if the logical expression is true, the statement 30 and asked only for the new odometer
program will branch to the specified line number. This reading. However, the error may have occurred when
form is equivalent to the first form if the statement is a entering M1 (you may have typed an extra digit) and
GOTO statement. Thus, for example, these two therefore it is better to re-enter both odometer
statements are equivalent: readings.

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 A<0 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.

REVIOUS ODOMETER READING
EH ODOMETER REﬁDIHG

T00 SHALL
REUIUUS ODOHETER READING

EW ODOMETER READING

ALLONS SINCE LAST FILLUP
AGE: 19.556962 MILES/GAL.
?HTER PREVIOUS ODOMETER READING
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Gas Mileage Program

In the gas mileage program shown in Figure 5.4 of
Chapter 5. M1 is the old odometer reading and M2 is
the new odometer reading. To make sense M2 must be Figure 6.2 Program will check to make sure that M2 is
greater than M1 (M2>M ). Itis always a good idea to greater than M1.

have the program check the data entered through the

keyboard to try to detect any typing errors. For Circle Program

example, if after entering the value of M2 in line 35,
M1 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:

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 7rr°, thena

) N — ' negative radius will give the same answer as the same
37 IF M1>M2 THEN PRINT “READING TOO positive radius. On the other hand if we also calculate

SMALL™ GOTO 20. the circumference of the circle given by 27rr, the radius
‘ l A . . must be positive, We can calculate the circumference
A sample run of this new program is shown in by adding these two statements to the program in

Figure 6.2. Note that during the first execution, the
last digit of the new odometer reading was omitted.
This made M2<MI. Statement 37 caught it and 45 C=2*TR

printed the message READING TOO SMALL and 47 PRINT “"CIRCUMFERENCE="; C

Figure 5.3:

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

18 REM GAZ MILEAGE FROGREAM
28 PRINT “"EHTER PREENIDOUZ GDOMETERE FERADIHG!
IMFUT i

PRIMT "EMTER HEMW GLDOMETER REALIMG!

IMPUT 12
. IF M1xMeg THEH FREIMT "RBEADIMG Too @kAlLY s GOTo Zi
45 PRIMT "EMTER GALLOMS SIMCE LAST FILLUPY
45 IMFUT G

b S I S R D PR L N

68 PRIMT "GAS MILHGE: " :HMPG:"MILESAGAL. ™
B FRINT

B GoTo 28

REAL'Y.
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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=nrr’< 1.7TE38
< 1L.7E38/7

r <+ 1.7E38/#

Thus, if R>SQR(1.7E38/7) 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(1.7E38/7) 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. Thefirst IF... THEN statement checks toseeif R is

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

18 REM PROGRAM TO COMFUTE THE AREER OF
28 PRIMT "EMTER THE RADIUES OF A CIRCLE
2ECTHPUT R

| ! AL U
RAD BE PO
EN D RAD | 8
RAD 30 1 AR
: pan ) :
: 1 98 i
. l.' I )

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/ ), the program will con-
tinue with line 35.

Rectangle Program

Asanotherexample 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

H CIRCLE

IF THEH FRINT "RADILES MUST BE POSITIVE"  GOTO 26

v IF RC1.FPESSArr THEW PRIMT "RADIUS TOO LARGE":GOTO 2w
33 A=m#RTZ
4@ FRIMT “THE ARER OF THE CIRCLE IS"iA
45 C=2#nr¥kE
47 PRIMT "CIRCUMFEREHCE=",LC
S8 PRIMT
B8 GOTOo 2E
READY.
Figure 6.5 The IF...THEN statement in line 35 contains
a compound logical expression.
18 REM FPREOGREAM TO COMPUTE THE ARER
28 REM OF A RECTHMGLE
28 INPUT "EMTER THE 2 SIDES OF A RECTAMGLE".X.Y
35 IF ¥<9 O Y<8 THEM PRIWT "VWHLUES MUST BE POSITIVE" -GOTDO 2@
4@ FREIMT "THE ARER OF A RECTHMGLE WITH ZI0OEZ"
5@ PRIMT wi“AMD "™ 1S EGUAL TO". =Y
ol PRIMT
vE GOTO =8
RERDY.
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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

The 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<Ois thatitis rrueif
either X<<0 or Y<0 is true, or if both are true.

In this logical expression the symbol<C (less than) is
one of the relational operators. The word OR is one of
the logical operators. Relational operators and logical
operators will be discussed in more detail in the next
two sections.
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Figure 6.6 Sample run of program in Figure 6.5.

RELATIONAL OPERATORS

A relational operator i1s used to form a logical
expression by comparing two arithmetic expressions.
(An arithmetic expression can be a numerical con-
stant, variable, or expression.) Forexample, A<0isa
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”asa zero (0). It stores the logical value “true™as
—1. You can see this by typing

A=3
?A<3

and
A=-3
7A<0

as shown in Figure 6.7. Note that you can print the
value of logical expressions such as A<T0.

Figure 6.7 The Commodore 64/VIC 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
<>or>< not equal to
21 less than
> greater than
<=or=< less than or equal to
o = O greater than or equal to

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

6-2=4
i

EADY.
5*2{}19
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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 NOT A

true false

false true
A B AAND B AORB
false false false false
false true false true
true false false true
true true true true
NOT

The logical operator NOT is a unary operator; that is,
it operates on a single logical expression, A. Il A is
true, then NOT A is false. If A is false, then NOT A is
true. Examples using the logical operator NOT are
shown in Figure 6.9.

AND

The logical operator AND is a hinary operator that
operates on rwo logical expressions. As shown in
Table 6.2, A AND B is rrue 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 are
shown in Figure 6.10.

Figure 6.9 Examples using the logical operator NOT.

46

?12=2 AND 3=3

EADY.
2=2

2 AND 334
0

READY .
_B?{=5 AND 8<{i8

EADY.
14{5 AND NOT 745

Figure 6.10 Examples using the logical operator AND.

OR

The logical operator OR is also a binary operator. As
shownin Table 6.2, A OR Bis false only if both A and
B are false. It is rrue if either A or B is true, or if both
are true. Examples using the logical operator OR are
shown in Figure 6.11.

Note that the third example in Figure 6.11 is false
while the fourth example is rrue. 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.

3 OR 62=3
6 OR 737

2 OR 3=3) AND 1=2

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
Table 6.3.

Within each level of precedence the expression is
evaluated from left to right.



TABLE 6.3 Order of Precedence for Evaluating
Expressions

Operator Meaning
() Parentheses
! Exponentiation
= Unary Minus
* Multiplication and Division
+,— Addition and Subtraction

= S B s 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 1s not negative

4. compute the pay at $4.00 per hour for the first
forty hoursand at $6.00 per hour forany 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 i1s
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

Figure 6.12 Listing of weekly pay program.

16 EEM FREOGREAM TO COMPUTE MERRLY WA
B PREIHT "EMTER HUMBEER OF ROk
o8 IMFUT H

4@ IF HIo@ THEM FREINT “TOD fAHY HOU

1l

bl L

B IF Ho=48 THEM M=H#d G070 26
PE =48

TS IR AN SR WD 1)

SE M=IHTOMELEE+0, 50 106

168 FRIMT "WMEEELY FRY= 9.0

FERIDY.

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+0V*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.)

R NUMBER OF HOURS HO&KED
LY PAY= & 128

) ={
ram

'%%3

-5

B
ER NUMBER OF HOURS HWORKED
2.25

BEEKLY PAY= § 233.5
EADY. ;

Gl o] R 2

N
aggnguunaca OF HOURS HORKED
] = & 204.04

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)S—O)]'?
= /S(S-A)(S—B)(5-C)

SV EOTD e
S8 IF H-B THEMR FEIMT "IMVALLID DATA™ S GOTO
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where A, B, and C are the sides of the triangle and
S =3 (A+B+C)

1s the semi-perimeter.
In BASIC the formula for the area can be written as
AREA=(S*(S—A)*(S—B)(S—C))10.5
or
AREA=SQR(S*(S—A)*S—B)*(S—-())
Remember that the multiplication symbol * must

always be explicitly typed, and every left parenthesis
must have an accompanying right parenthesis.

g

c

I

Semi-perimeter, S %(A+B+C)

I

Area = [S(S—A)(S—B)(S—C)]**

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
ofa 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.

18 REM FROGEAM TO FIMD THE AREAR OF A
15 FEM TRIANGLE

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

Therefore, our program should check to make sure
that the three numbers entered from the keyboard can
really répresent 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
il €= 1

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
valuesin A,B,and C. Line 40 compares A and Band if

28 PRINT "EMTER THE THREE SILES OF A TRIANMGLE"

36 IWFUT F.E.C

4@ IF AXE THEW L=A: GOTO £@
58 L=E

6@ IF CxL THEM L=C

7H G=(R+EH0) 2

26 IF L>3 THEM FPRIWT "HO TRIAMGLE POZZIBLE™:

93 AREA=CS#(S-AM#(S-Eo®(E-Coo 12,0
188 FPREINT "THE AREA O
116 FRINT

1z@ GOTO 26

RERDY.
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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 Bin 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 Land Stoseeifa triangle is possible. If L is

R THE THREE SIDES OF A TRIANGLE
AREA OF THE TRIANGLE IS 31.3849517

_THE THREE SIDES OF A TRIANGLE

4
NGLE POSSIBLE
HE THREE SIDES OF A TRIANGLE

HE THREE SIDES OF A TRIANGLE

LE POSSIBLE

A

:

EA OF THE TRIANGLE IS 6.49513854
T

;

T THREE SIDES OF fi 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 100 prints the result. Line
110 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 we wrote a program to generate 8 X 8
custom checkerboard patterns. In this section we will
write a program that will continuously fill the screen
witha “random™checkboard pattern. The pattern will
consist of two graphic characters AS and BS. How-
ever, instead of alternating the characters as we did in
the checkerboard pattern (See Figure 5.6), we will
print ateach screen location either the character AS or
the character B, depending upon whether the random
number RND(1) 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
themin the string variables AS and BS. Line 40 storesa

seed for the random number generator, using the
number of jiffies stored in T1 (see discussions of jiffies
and random numbers in Chapter 4). Line 50 clears the
screen. Line 60 stores a random number between 0 and
I 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
BS 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.

18 REM PEOGEAM FOR GEMEEATIMG H RHEMDOM
28 REM CHECEERBORREL FATTERH

38 IMPUT "EMTER 2 GRAFPHIC CHRRACTERS",HF. BF

48 m=RHDC-TI

58 FRIMT "o

2 E=EMDC L

7A IF #oB.5 THEM PRIWT A% GOTO &6
28 PEIMT Bz, :G0TO &B

READY.

Figure 6.19 Sample run of program shown in Figure
6.18.

RUN
NTER 2 GRAPHIC CHARACTERS? || ,m
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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 f{ind 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:

if A>B
then L=A
else L=B
if€> 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 rhen 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

130 --------------  THEN statements

160 GOTO 210
170 REM ELSE

ELSE statements

Note that line 110 is executed if A> B is false. This
will branch to the ELSE statements. If A>B is rrue
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

50

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 if is
true, the train follows the track to station I, 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.

then else

DENENANOE: TN

STATION 1 STATION 2

P ST T T



that the train can only go either to station | 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 frue, the path to statements A
is followed. Otherwise, the path to statements B is
followed.

True logical
expression

then alse

statements A statements B8

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 casy to generate

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

true @ false
Y )
L=A L=B
true él.\ false if A>B
A \/ 1 then L=A
L=C else L=B
if C>L
then L=C
A B

flowcharts that end up looking like “bowls of
spaghetti.” For these reasons the use of {lowcharts has
declined in recent years. Remember that a pseudocode
is justa 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)
i1s an alternate representation of an algorithm. It
consists of various nested “boxes™ without the connec-
ting lines shown in Figure 6.22. Two 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 pscudocode 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.

(a)

if logical expression

then else

—

statements A statements B

(b)

if logical expression

then else

statements A statements B
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ina 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 makea BASIC programeasierto
understand. If you try to indent yvour 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.

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

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
flowchartasan “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 289 of the amount
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Figure 6.25 (a) Structured flowchart, (b) pseudocode,
and (c) BASIC listing of weekly pay program.

it H>60 (a)
then R, Rt W
B print "too many hours" it H<o
than olse o
B J“'\ml\iﬁdam” - E<=40
then _ o
M=H"4 OV=H-40
M=40"4+0V"'6
M=INT(M"100-0.5)/100
print “waekly pay=8 ";M
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+0V*6
M = INT(M*100+0.5)/100
print “weekly pay = $" ;M
(c)
16 REM FREOGEAM TO COMFUTE MEEELY MWAGES
28 PRIMT “EMTER HUMEBER OF HOURS WOREEDY
38 IHPLUT H
dE IF HoE CTOD MAMY HOURES" S GOTO 268
SEOTF CTHVHL LT TFTH" S GOT0 26
sE IF AOTHEM Mk GOTO i
FEL O]

SE [l 0 S
fla= THT CRs L BE+E, S50 1EE
188 PRIMHT "MEEELY FAY= $"in

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



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

(a) onnt “Enter he three s0es of 2 tnangie
mout A 8. C
1A
then s

L=A L=3

ac

then ese

-2 — - == — —

S=ia-8+C)/2
1158
hen eise
-_:nn: “no mange msum"_ caiculate & pnnt area

conmmug (s o0 o ever

(b) 1@ REM FROGREAM TO FIMD THE AREA OF A

135 BEM  TREIAMGLE

28 PRIMT "EMTER THE THREE SILEZ 0OF

3B IMPUT A.E.C

48 IF CxL THEM L=A: GOTO o

o8 L=EB
BEOIF CHL THEM L=C

TH S=CATRHC A

28 IF LS THEM PEIMT "HD
QB ARER= 5% Foasm-Tow)
18

116 PRIMT

leld GOTO 28

RERD'Y.

H

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.

ThIAMGLE"

TREIAMGLE FOSSEIBLE": GOTO E2E

#i IV
BEPRIHT "THE AREA OF THE TRIFMGLE DE"ARER
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LEARNING
ANOTHER L
4

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. tousethe 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.
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)UT LOOPS:
AT IF...THEN

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 frue. 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 programis to
press the STOP key. It would be much neater if the



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

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.
cleor screen
input 2 graphic characters AS,BS
input number of lines NLINE
initialize random seed
N=0
loop: X=RND(1)
if X<0.5
then print AS
else print BS
N=N=+1
repeat while N<_NLINE*40

clear screen
input 2 graphic characters AS, B$
input number of lines NLINE

initialize random seed

N=0
X=RND(1)
if X<0.5
then else
B ;;nl:S;_ - ;imES__ o
N=N+1

repeat while N<NLINE*40

Note especially how the IF...THEN statement is used
toimplement both the if...then...else statement and the
repeat while statement. Note also that we have
included an END statement at the end of the program.
Although this is optional it does show explicitly where
the 1F.. 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.

B OREM  PRUOGEAM FOR GEHERRATIHG A
ZBOREM RAMOCGM CHECKEREBORRED FRTTEEN
23 PRIMT 11"

' MIDTH=40

IHPUT "ENTER HUMBER OF LIMES":MLINE

WERHD =T 13

i =
H=RHD L
.S THEM PRINT Ag; GOTO 9@

PRIMT B#iGOTO 56

A =R+

6 IF NIMLIME#MIDTH THEH

@ EMD

o
=)

FEHDY.

Figure 7.3 Sample run of program shown in Figure 7.2.
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READY.

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 120, 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 120 with the following statements:
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120 INPUT “DO YOU WANT TO CONTINUE
(Y,N)™AS

130 IF AS="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 AS. Line 130 compares this string to Y™
and if A$="Y" the program branches back to line 20
and the arca 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 120
provides the question mark for the message, and vou
do not need to include it in the string. Also remember
thatif the response toan INPUT 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 A$ must be compared to the string “Y™".

NESTED LOOPS

The program shown in Figure 5.6 of Chapter 5
displays a custom 8 X 8 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 BS are the strings containing the two

Figure 7.4 BASIC listing of modified triangle program.

18 REM  PROGEAM TO FIHND THE ARER OF A
15 REM TRIAMGLE

HE THREE SIDES OF A TRIANGLE

A OF THE TRIANGLE IS 23.5252524
H
|

ANT TO CONTINUE (Y,N)? ¥
E THREE SIDES OF A TRIANGLE

fi OF THE TRIANGLE IS 11.61895
DO YOU WANT TO CONTINUE (Y,N)? N
READY .

Figure 7.5 Sample run of program shown in Figure 7.4.

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.

A$ | BS

BS | AS

The input section of the program will do the
following:
clear the screen
input the two characters AS,BS
input the width W
verify that W is in the range 1-19 [1-10 on the VIC]

28 PRIMT "EMTER THE THEEE ZIDES OF A TRIAMGLE"

28 IMPUT ALWELC
4@ IF CHL THEM L=H: GOTO s@

GOTO 24

58 L=B

el IF CxL THEH L=

TH S=CH+EB+CH2 A2

B IF LS THEM PRIMT "HO TRIAMGLE FOSSIBLE":
258 AREA=(SHCS~-HO ¥ S-Br# S~Cr M. 5

168 PRINT "“THE AREA OF THE TRIAHGLE 12":HEEA
118 PRINT

126 IMPUT "D Y00 BAHT TO CORTIHUE cY.H2"iRE
128 IF A$="Y" THEH 2B

146 EMWD

FERDY.
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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 19to 10in both lines 30 and 35.) Note that line
35 means “repeat line 30 while W<I or W>19."
Therefore, only values of the width W between I 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.

18 REM CHECEKEREDARD FATTERM

15 FRIMT """

2@ IMFUT "EMTER 2 GRAPHIC CHARACTERS" A%, BF
28 IMPUT "EMTER WIDTH OF PHATTERR, 115" W
35 IF Wal DR W13 THEM 28

i ITMPUT "EHTER HEIGHT OF FATTERM, 1-5"iH
43 IF H«<l OF H:Z THEM 4@

58 HH=8

&8 MHul=E

78 PRIMT HE BE  Hhisbbe

28 IF Hbabl THEM PG

58 PREIMT: MW=

1698 PRIMT Ef.A%: : Hisbdl

118 IF MWl THEH LE

126 FREINT: MHH=MH+1

138 IF MH<H THEM &B

146 EMD

READY .

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 BS. 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 orat the end of the loop, and you
can branch out of the loop when the logical expression

loop: NW=0
loop: PRINT A$;B%; prints one screen line start-
NW=NW-+1 ing with A$
repeat while NW<W
PRINT returns cursor to start of next
line
NW=0 prints one screen line start-
loop: PRINT B$;A$; ing with B$
NW=NW-+1
repeat while NW<W
PRINT returns cursor to start of next
line
NH=NH+1
repeat while NH<H
NH=0 (b)
NW=0
PRINT AS:BS;
o prints one screen line starting
NW=NW-+1 with AS
repeat whila NW<w
i retul to start of li
NW=0 rns cursor to start of next line
PRINT BS;AS;
i prints one screen line starting
NW=NW-+1 with BS
repeat while NW<wW
PRINT raturns cursor to start of next lins
NH=NH+1
repeat while NH<H

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

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 repear untilloops. 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.
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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
orend. 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: 5 10
s 20
30

repeat while logical exp. 40 IF logical expression THEN 10

A B

repeat while logical exp.

c D

The Repeat Until Loop

The general form of the repeat until loop is shown in
Figure 7.11. In this case the loop is exited if 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
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errors because you will always be thinking either
“while™ or “until.” Many people prefer the repear 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 repear while loop.

loopr: — 10
20
30
40 IF logical expression THEN 60

repeal until logical exp.

50 GOTO 10

60

repeat until logical exp.

c D

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



da while logical exp. 10 IF logical expression THEN 30

20 GOTO 70

30

40

enddo 50
60 GOTO 10

70
A B

logical exp.
do while logical exp.

false

c
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
Jalse, 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

do until logical exp.

will normally implement the do unril 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 wntil and the repeat while loops.

loops =—=——— 10
20
30

exit if logical exp. 40 IF logical expression THEN 80

50
60
endloop 70 GOTO 10
80
A B
STATION 1
logical exp.
true
exit if logical exp. STATION 2
c D

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 exir if statement is at the top of the loop, it
becomes the do uniilloop. 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
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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.

A B

loops  — 10
20
30

continue if logical exp. 40 IF logical expression THEN 60

50 GOTO 90
A — 60

endloop 70
80 GOTO 10
90

STATION 1

continue if logical exp. true logical exp.

false

STATION 2

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
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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

O (I SR B - |

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
1626 for $24. If that $24 had been deposited in [626ina
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?



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 year the 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=-16.1T+ 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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DISPLA
LEARNING

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 MI and
statements 20, 30, and 40 are executed. [f M3> 0, then
when statement 50 is executed the value of 1 will be
incremented by M3, and if I is less than orequal to M2,
statements 20, 30, and 40 will be executed again. This
process continues until I becomes greater than M2, at
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FLAG:
OR...NEXT

which point the program branches to line 60. Every
timearound the loop lis incremented by M3. Inline 10
the phrase STEP M3 is optional. If it is omitted, an
increment of | 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 |=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 M1 is greater than M2 and M3 is
positive.



=M1 1=M1 w

looo* |

I1=14M3 J=i+M3

regeat unul 1 > M2 repeat unul | > M2

(a) (b)

Figure 8.2 (a) Pseudocode and (b) structured flowchart
equivalent of the FOR...NEXT loop.

for im1 1o 10 step 2 for i=1 10 10 step 2

\

noat i

(a) (b)

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 I=1 TO 10:? I;:NEXTI

FOR I=1 TO 10 STEP 2: ? I;: NEXTI

FOR J=10 TO 1 STEP —1: ? J;: NEXTJ

FOR I=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 lon 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

R I=1 TO 18:2 I;:NEXTI
z 4T g 19

=1 TO_1ie STEP 2:? I;:
5 D7t% 2 I; :NEXTI

18 TO0 1 STEP -1:? J;:
S e R e L 2"EfTJ

=1 TO 16: 2" [[BP'; :NEXT

I
2
Y
I
3
b ¢
J
¥
I

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.

£ REM  PREOGREAM TO DREAW A LARGE EOS
5 PRIMT"Z1 ";
18 FOR I=1 TO 28:PRIMT".", MEST -FRINT"M";

2A FOR I=1 TO 2ZE:PRIMT"I ARI"; :HEST :PEIHT"N":

28 FOR I=1 TO ZR:PEIMT"TEIMI", -HEST-FRINT"".
4@ FOR I=1 TO Z8:PRIMT" [RI") -HEAT
58 FOR I=1 TO zZeob:MEST

FERDY.

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 LEFT movements. Line 40 draws the left
side of the box from bottom to top. The statement 50
FOR I=1TO0 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 1 goes from | 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. Thus,
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

63



Figure 8.6 Result of running the program in Figure 8.5
on (a) the VIC 20 and (b) the Commodore 64.

Figure 8.6. We measured a width of 6 14 inches and a
height of 4 14 inches on the VIC 20 screen and a width
of 4 ¥ inches and a height of 6 !4 inches on the
Commodore 64 screen. Thus, the ratio of width to
height is

5
rEVR S TR
on the VIC 20 and
4% 475

6% 6o ~0

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
13 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.
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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 ourside 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
insicle 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.

Line 150 clears the screen. Line 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
along the top. Line 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
flag.)

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.

(a)

(b)



Figure 8.8 The program in (a) produces the two
intersecting lines in (b).

(@) 158 PRIMT "I

g8 PRIMT "& ", FOR I=1 TO I7:PREINT "7"; MEXT I
1V PREIMT "&a"; cFOR I=1 TO 13:PRINT "1 #*: HEST I:PRIMT “slelaim"

READY.

(b)

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 loopis 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...NEXT loops work,
type in the following FOR..NEXT loop in the
immediate mode:

FOR X=1TO 6: 7“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.
=1 TO 6:2"%"; :NEXTX

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=11to 7
draw one row of length 6
move cursor down one and back 6

next y

The 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. Lines 20-50 define the outer loop, and
lines 30-40 define the inner loop. This inner loop is the
FOR...NEXT loopshown in Figure 8.9 that draws one
row of length 6. The statement PRINT BS 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.

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

s fms s fos )
"

-

—

65



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 B$;B3;BS;

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 onthe 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).

e
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FERDY.
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(@)

(b)

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

oneisa 5 X 6 array using the graphic character LOGO
C (LOGO V on the VIC 20) and the otherisa 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

fory=1to 5
move cursor to beginning of next line
for x=1to 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

Youshould study thisalgorithm to see how it produces
the 5 X 6 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



Figure 8.13. Note that the statement PRINT is used to
“move cursor to beginning of next line.”

The second 4 X 5 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
fory=1to 4
print space
forx=1to5
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).

(@) 3@ PRIWMT "¢

186 PRIMT "8 (FOR Y=i TO S PRINT
116 FOR #=1 TO B:PRINT * % " HEWTH
1268 FRINT:BRINT HEXTY

RERDY.

The BASIC statements for implementing this algo-
rithm on the Commodore 64 are given in lines 130-150
in Figure 8.14a. Lines 90-120 are the same as the ones
shown in Figure 8.13a. Therefore, 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 4 X 5 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).

S8 PRIMT"I

B PEIMT “&") FOR %=1 TO 53:FRINT

FOR #=1 TO s:PEIMT " ® "5 :HEXTH
FRIMT :PRIMT :HEXTY

PRIMT"&em"; -FOR Y=1 TO 4:PRIMT * *;
FOR W=1 TO S:PREIMT"  w"i tHEATH
FRIMT:FRINT :PRIMT :HEXTY
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i
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Pl el N
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FEADY.

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:

the number of stripes, N, to be plotted
the width of each stripe, W
the length of each stripe, L

W b

S

. the two characters, A% and BS, 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=1to N
for i=1to W
for x=1to L
print C$;
next x
move cursor to beginning of next line
next i
if CS=A$
then C$=B$%
else C$=AS%

next y 67

(a)

(b)



In this algorithm the innermost FOR..NEXT loop
(for x) will plot one row of L characters CS. (The string
C§$ is initially equated to AS$.) The middle
FOR..NEXT loop ( fori) will plot W rows containing
the C$ character. This 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.

18 REM PROGREAM TO MAKE STEIFPES

28 IMPUT"ENTER MUMEBER OF STEIFEZ"iH

28 IMPUT"EMTER WIDTH OF EACH STRIFE"W
48 IMPUT"EMTER LEMGTH OF ERCH STeRIFE".L
a8 IMPUT"EWTER 2 CHRREACTERZ")A$, BE

B8 PRIMT"D" :Ck=RF

78 FOR Y=1 TO K

BEOFOR I=1 TO M

8 FOR w=1 TO LiPRIMT CFiHESTS

188 FRIMT:MHEXTI

118 IF CE=A% THEM CE=REF: GOTO 124

128 CE=H$

138 MEXTY

EEALDY.

Figure 8.17 Sample run of program shown in Figure 8.16.

(b)¥,
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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 tlag.

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 star field shown in Figure 8.12
is fourteen screen lines high, which corresponds to the
upper seven stripes of the flag. This is the correct size
of the star field.



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=12, W=2, and 1.=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=11, 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 outa 14X 18 (14X 12 on
the VIC 20) area in the upper left-hand corner of the
screen. The following algorithm will do this:

home cursor
for v=0to 13
for x=0to 17 (11 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 8.20 Result of executing program shown in
Figure 8.19. (a) Commodore 64. (b) VIC 20.

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

(@1& REM PROGRAM FOR DISPLAYIMG FLAG
28 PRIMT"ZY) (A$="%" bBf="a" CE=A% of executing these new programs is shown in Figure
38 FOR Y=l TO 12¢ FOR M=l TO 2/PRINT 04 8.22.
:’g Eg?tﬁf:&}w”‘"j' RRINT 8, B HERTA We now need to add the star field. This is done by
=50 IF CHE=R$ THEM CH=EBf: G070 S8 adding lines 100-150 from Figure 8.14. The resulting
5‘3 &é’mﬁif programs and their execution are shown in Figures
o e S . P s Py e 8.23 and 8.24. Note we have narrowed the horizontal
T{E;ié#é ISSJ ‘FOR W=l TO 33:PRINT"@ B"J :HERTH distance between stars in the case of the VIC 20 by
omitting one space when we print each starin lines 110
RERIDY. 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

(b)im REM PROGREAM FOR DISFLAYIMG FLHG
28 PRIMTI"; A$="1" pa="" CF=pF
38 FOR Y=1 T0O 11: FOR H=1 TO 2:FRIMT CF:
46 FOR #=1 TO 21! PRIMT "@ 8" HEATA
45 PRIMT ‘HEXTH

59 IF C#F=AF THEM CH=bF: GOTO =8
35 CE=A%

EE MEAT'Y

185 GOTO 183

RERDY.

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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(a)]

Figure 8.21 Programs to add the “blue” field to the
flag. (a) Commodore 64. (b) VIC 20.

18 REM PROGEAM FOR DISPLAYING FLAG
268 PRIMT"3", :A%="14" B3="a" :CF+=A%
28 FOR Y=1 ToO 12:

48 FOR x»=1 TD 39: PRIMT "@& W' :HEATH

FOR M=1 TO 2:PRIMT C#%,

45 PRINT :HEXTH

58 IF C#=R% THEW CH=BF:GOTO &8

55 C3=H%

58 MEATY

78 PRINT "I3"; :FOR M=1 TO 32:PRINMT"& W' NEXTH
28 PRINT "&&"; ‘FOR Y= TO 13

98 FOR #=@ TO 17:PRIMT "@ %" MESTH: PRINT (HESTY
185 GOTO 125

RERDY.

18 REM PROGREAM FOR DISPLAYIMG FLAG

28 PRIMT"O"; (AF="1" EBs="u" C¥=R%

38 FOR Y=1 TO 11: FOR M=1 TO Z:PRIMT CF;

48 FOR #=1 TO 21: PRIMT "@H &% HEXTH

45 PRIMT:HEXTH

58 IF C#3=A% THEHW C#=BF:G0T0 s
52 C#=A%$

&4 MESTY

20 PRIMT "sS&"; 'FOR Y=8 TO 13

S8 FORE w=8 TO
183 GOTO 133

11:PRIMT

READY .

"A W CHEXRTAPRINT -HEATY

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 8.25and 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.

70

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

(b)



Figu

re 8.23 Programs to add the star field to the flag.

(a) Commodore 64. (b) VIC 20.

18
268
28
40
43
SE
53
(=%
Ve
=10
26
18g
118
126
128
14
1568

185

FEHA

pui |
28
45
45
bls)

[—d ~
s

REM PROGEAM FOR DISFLAYIMG FLAG
PRIMT""; ‘A$="14" BF="9":CF=A%

FOR Y=1 TO 12: FOR M=1 TO 2Z:FRIMT L%

FOR #=1 TO 25 PRINT "@ " HESTZ

PRIMT :HEATH

IF C#=AF THEWM C#=BF:G0OTO =8

CE=FA%

MEST'Y

PRIMT "@&"; FOR M=1 T Z2:PRIMT"& @" . HEATH
PRIWMT "&=": FOR Y=@ TO 13

FOR =@ TO 17:PEIMT "o &"; HESTH  PREINT :HEXTY
PRIMT "#&4"; FOR Y=1 TO S:RREINMT

FOR #=1 TO &:PRIWNT * ® *::HEXTH

FRIMT :PRIMT ‘HEATY

PRIMT"Z8m"; :FOR Y=1 TO 4:PRINT " ",

FOR #=1 TO S:FRIMT" w"i HESTA

PRIMT : PRINT : PRIMT : HEHT'Y
GOTO 123

Y.

PRIMT"I"; :A$="14" BE="a" : C¥=R%

FOR %=1 TO 11 FOR H=1 TO 2:FPRIMT CF;
FOR ¥=1 TO 21: PRIWT "d 8" HERTA
PRIMT :HEXTH

IF C#=A% THEN C#=EBF:CG0OTD &6

CE=n%

B8 HEATY
28 PRIMT "#&3") :FOR Y=g TO0 13

56

168
116
128
138
146
158
185

REA

Figure 8.24 Result of executing programs shown in Figure 8.23. (a) Commodore 64. (b) VIC 20.

FOR #=8 TO 11:PRIMT "W &' MHESTH FRIMTHESTY
PRIMT "&";:FOR Y=1 TO S:PRIMT

FOR ¥=1 TO E:PRIMT "& *", HEXTH

PRIMT :PRIMT :HEATY

PRIWT" el ; FOR Y=1 TO 4:FRIMT "™ "

FOR #=1 T SPRIMT"® w"i (HERTH

FRIMT :FRIMT :FRIMT -HEXT'Y

GOTO 123

Y.

(b)



Figure 8.25 Final programs to display flag. (a)
Commodore 64. (b) VIC 20.

14
Pl

REM PROGRAM FOR DISPLAYIMG FLAG
PRINT""; :A$="14" :BF="2" C$=R$

28 FOR =1 TO 12: FOR M=1 TO 2:PRIMT CF

4B
45
&3
S5
e
76
80
56
165
119
126
136
144
156
168
176
156

185

REA

FOR @=1 TO 32 PRIMT "E 80 HEKTH

PRIMT :HEXTH

IF C#=A% THEHW CHF=EBF: GOTO B

Ci=H%

MEXTY

PRINT “M";:FOR M=1 TO Z2:FPRIMT"A " HEATH
FRIMT "&3";:FOR Y=8 TO 13

FOR #=8 TO 17 PRINT "@ @ MESTH: FRINT :HESTY

PRIMT “&a"; :FOR Y=1 TO S:FRINT

FOR ®¥=1 TO &:PRINT " * "i:HEXTA
PRINT : PRIMT :HEATY

PRINT "5 ; (FOR =1 TO 4:FRINT " "

FOR #=1 TO S:PRINT" w"i:MEWTH

PRIMT :PRINT : PRINT :HEXTY

PRINT"S " FOR I=1 TO 17FRINT"™"; MEXTI
PRINT"S6"; (FOR I=1 TO 13:PRINT| MBI i HEATL
PRI " SiAleIsIsse" ;

GOTO 185
oY,

PRINT"I"; :A$="m" : B$="a" C$=A%

FOR ¥=1 TO 11 FOR M=l TO 2:PRINT C#

FOR #=1 TO 21: PRINT "3 %" NExTHK
PRINT :HEXTH

IF C#=H% THEHW C#=EF:C0TO 8
CH=H%
HERSTY

PRIMT "&&": :FOR Y=B TO 13

FOR #=8 TO 11:PRINT "& &  HESTH:PRINMT:HESTY

186 PRIMT "#&", 'FOR Y=1 TO 3:PREIMT

FOR ¥=1 TO &:PRINT "®H "",):HEXKTA
FRIMT : PRIMT :NEXTY

PRINT"<o®"; :FOR 'Y=1 TO 4:PRIMT "® ";
FOR A=1 TO S:PRIMT"® » " HEXATA

158 PRIMT:PRIMT:PRINT :MEXTY

168 PRINT"S&®"; ‘FOR I=1 TO 11:PRIMT"H® ™" HEXTI
1768 PRINT"&": FOR I=1 TO L3:PRIMT"® M1 (MEXTI
186 PRIMT" Rlslelelalelee]" ;

185 GOTO 183

REH

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*I+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 playing card.
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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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

74

2. writea“Move to X.Y"subroutine that will move
the cursortoa 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 GOSUB statement is GOSUB
line number. When this statement is executed, the
program branches to the statement at line “/ine
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
asif 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



P
60 GOSUB 500 —
el .
80

500 - - - el
Subroutine 510
520 RETURN —

Figure 9.1 Forming a subroutine using GOSUB and
RETURN.

GOTO 500and 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.

o -
60 GOSUB 500
70
80 -
90 GOSUB 500 —
199 — e
110

50 — - - < <
Subroutine 5o .- .

520 RETURN

Youcaneven call asubroutine 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.

.
60 GOSUB 500 —
(0 —
80
(10,1 /S <
510 GOSUB 600

5520 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

; .

Y=0— I

Y= —

Ye=24—e
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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 arec 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=2I 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 printanything
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=0
then tab(X)
else fori=1to 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 I=1 TO Y: PRINT: NEXT
530 PRINT TAB(X);: RETURN

Asanexample 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.
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Figure 9.7 BASIC listing of program to print a spot at
location X=10, Y=5.

S FRIMT "

1B X=18

28 Y¥=3

25 GD‘.:JUE SBBF'F'IHT g

168 EMD

SG0 REM MOVE TO #,% OM SCREEN

S1a PRIMT"S", ' IF Y=8 THEH 528
928 FOR I=1 TO Y:PRINT:HEAT
928 PRIMT TARECK?: RETURH

FEADY .

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=3
and going to location X=10, Y=20 can be plotted by
changing line 20 in Figure 9.7 to 20 FOR Y=5TO 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=5TO 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
plotanarray of points. Change line 1010 10 FOR X=0



(a

(b)

Figure 9.9 (a) BASIC program to plot a vertical line of
dots. (b) Execution of program in (a).

5 PRINT “o

18 k=18

28 FOR Y=35 TO 28

25 GOSUE S88:PRINT "a"

a8 HESTY

166 EHD

oE8 REM MOVE TD #.%Y OM SCEEEH
518 PRIHMT"&"; :IF Y=@ THEH 538
928 FOR I=1 TO Y:PRIMT:MEAT
528 PRINT THECH) ) RETURH

RERI'Y.

Figure 9.10 Result of adding STEP 3 to line 20 in
Figure 9.9.

5 PRINT "I

1A #=18

28 FOR Y=35 T0 28 ZTEF 3

23 GOSUE Seg:FRIMT "8

328 MERTY

l@a EMD

86 REM MOVE TO #.% OM SCREEEHN
518 PRIMT"&";IF Y=8 THEM 3538
526 FOR I=1 TO Y:PRIMT:MEXKT
538 PRIMT THECH), 'RETURM

FERDY.

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 Jors of different possibilities. Try
them.

Figure 9.11 Result of plotting X in a FOR...NEXT loop
in Figure 9.10.

5 PRIMT "0

18 FOR #=8 TO 28 STEF 3

28 FOR Y=3 TO 28 =TEF =

25 GoZURE E86: PRINT "a®
HEHEATY

S HERT

188 EMD

SEE REM  MOWE TO K.Y OH SCREEH
318 PRIWMT"&E"; - IF Y=8 THEH 3z8
Sz FOR I=1 TO Y:PRIMT:HEAT
5238 PRIMT TRECK2 S *RETURH

FERD'Y .

Plotting Curves

In Figure 9.11 the values of both X and Y are changed
by FOR statements. However, if we know how the
value of Y is related to the value of X, we can let the
Commodore 64/ VIC 20 calculate 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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(a

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*7*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).

5 FRIMT "o
16 FOR #=8 TO 13

28 =

ed BOsSUE SEEFRIMT "et

8 ME=TH

1ag EHD

S8R REM  MOWE TO ¥.Y OM SCREEH
218 PRIMT"S", ' IF ‘Y=8 THEM 538

B FOR I=1 TO Y:PRINT:HEXT
J38 PRIMT TRECW) ) CRETURH

REARDY.

Figure 9.13 (a) Listing of program to plot the curve
Y=10—9*SIN(2*7*X/14). (b) Execution of program
shown in (a).

& PRIMT 01

16 FOR #=0 TO 19

20 Y=10-S%5 TN 2ETEA 140

25 GOSUE 500 FRINT "e"

48 HEXTH

188 EHI

SEE REM  MOVE TO #.Y¥ OM SCREEM
$18 PRIMT"&"; IF Y=8 THEN 530

D526
Sa2@

FOR I=1 TO Y:PRINT:MEXT
FRIMT THECX) ) RETURH

FREADY.
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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+1)/4)
b. 20 Y=20—20*EXP(—X/ 10)
c. 20 Y=X12/70

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 F and 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



4 columns wide

o
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10 rows
high
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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$, B4S, and B5S$ defined in line 20 are
cursor movement strings that move the cursor down
one and left two, four, and five positions, respectively.

Map B3
:C3$=A35+' ] W' cqs

=4 45+"".'.

=W

)
8
)
48
8
)
8
8
E

>
oaTmme

Figure 9.15 Primitives used to draw 3-D letters.

The strings A1$, A3S, and A48 defined in line 30
produce rows of the LOGO + graphic symbol of width
1, 3, and 4 respectively as shown in Figure 9.16a.

The strings C1$, C35, and C48$ defined in line 40 are
combinations of AlS$, A3$, and A4S, followed by a
reverse video space as shown in Figure 9.16b.

The strings D2§, D38$, and D5$ 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 E13, E38, and E4S defined in line 60 are
combinations of A1$, A3S, and A4S, followed by the
SHIFT £ graphic symbol. These strings are displayed
in Figure 9.16d. They are used to form the bottom edge
of a segment. For example, E4$ is used to form the

Figure 9.16 The primitive strings used to form 3-D
letters.

79



bottom of the top bar on the F in Figure 9.14; E3S is
used to form the bottom of the short bar of the F, and
EIS is used to form the very bottom of the F.

The strings F38 and F4S defined in line 70 have a
total width of three and four spaces, respectively. They
begin and end with a reverse video SHIFT 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 B2S, B4S, and BS5$. 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 D28,
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
vou 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$; (move cursor
down I and left 2) and C18§; eight times. This can be
accomplished with the statement FOR I=1 TO
8:PRINT B2$;C18;:NEXT. The complete subroutine
for displaying the 3-D J is shown in Figure 9.18. Line
110 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 (B58) and then up
three rows. The strings D2S$:B2S;C15:B25;A 1S then
display the short post of the J. There is no primitive in
Figure 9.16 that will draw the top edge of the bottom
of the J. Therefore, we must include a string for this,
made up of a reverse video SHIFT N followed by one
reverse video space. In order to move the cursor down
| and left 3 we use B4S followed by a space (there is no
B3§ primitive in Figure 9.16). Row 10 is just a C4$
primitive, and row 11 is an E4S primitive. Line 130 is
the RETURN statement that must be used to end all
subroutines.

Figure 9.18 Subroutine to display 3-D J.

168 REM 3-D J

3 spaces
Start\ fe— Row No.
A [ 1
2
‘ 3
| 4
l 5
11 rows L | I LA 6
/1, /] 7
-

V4 8
/ V. 9
AL 10
[ (LY 1

—Pl 5 columns [1-—

Figure 9.17 Sketch of 3-D J.

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.

RUN

READY .
OSUB 1060

116 PRINT SPCo32:D2%; 'FOR I=1 TO 28:FRIMT B2F:C1%: ‘HEAT
128 PRIMT BEE;"TTI, D24, B2%; C1¥iB2F ALE "o B9 B " "0 Ced) BSE G EdE)

1%8 RETUREN
READY.
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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$, B4S, and B2$ 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 Eisjustan F witha 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.

(a) Row No.

A4/
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(b) Row No. String

D5%
C4%
E4$
C1%
A1%;F3%
C3%
E3%
C1%
C1%
C1%
E1$

S OWENOOUL A WRK=

-

Figure 9.21 Subroutine to display 3-D F.

thenaddinga bottom bar. The subroutine to do thisis
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 F48, C38, 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,

A
9

d
/)

288 REM  2-0 F

218 PRINT DS$,ESH;C43,B5%,E4%, 5% C1F,E24, A1$,F33, Bd%, O34 b4$ ESF . B,
228 FOR I=1 TO Z:PRINT Cl%;E2%; ‘HEXT:PRINT E1%;

238 RETURNM
REARDY.
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Figure 9.24 Subroutine to display 3-D E.
388 REM 3-D E

319 GOSUE 20@:FRINT"TTE",F4%Bds; 025, P43 E3F,

228 RETURHM
RERDY.

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 9.25 Testing the subroutine shown in Figure

9.24,

J  X=1 Y=8 (X=6 for Commodore 64)
E X=6 Y=8(X=14 " i ™)
F X=11Y=8(X=22 " 4 |
F X=16 Y=8 (X=30 " " 7y

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=11, 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.
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Figure 9.26 Subroutine “Move to X,Y”.

oBE REM MOVE TO .Y O SCREEHM
518 PRIMT"S", : IF ¥Y=B THEM 538
Sz8 FOR I=1 TO Y:PRINT:MHEAT
5328 PRIMT THECHY ) ‘RETURH

REATY.

Figure 9.27 Main program that displays the 3-D name
JEFF.

1aea REM  MAIM PROGRAMTO DRAW JEFF
1683 FRIMT"D"

1818 A=1:Y=8:G03UE SB6:GOSUE 165
lozs x=g:G B San: GOsSUE 298

1828 #=11:0G05UE S86:G0SUE =205

1848 K=1&:G0SUE 586 G0sSUE 206

1838 G0TO 1656

RERADY.

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 todisplaya Panda T. Hint: A P can easily be
made from an F. (PET was a Commodore computer
preceding the VIC 20 and Commodore 64.)



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

\A

Figure 9.30 Diagram for Exercise 9-4.

—16.1 X?

H= V? cos’A

+ X tan 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 inradians. Remember that 180° =7
radians.
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MAKI
LEARNING

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.

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
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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

asshownin 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 anerror
message, 70UT 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
alongto 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
?0UT OF DATA ERROR message will be displayed.



GUT OF DATA
EADY.

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.

i8 DATA 5,16,15,28
EAD t

F LS

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
READ statement will store the values Sand 10in Band

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

20UT OF DATA ERROR
READY .

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 70UT 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,AS,BS
? A,B,C,D,AS8,B5

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.

0,15,20
éb, $,B$

Figure 10.4 String variables can be used in a READ
statement to read strings in a DATA statement.

HORIZONTAL BAR GRAPHS

Bar graphs are 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 the graphic 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 END statement in line 90 is necessary
to prevent the program from executing line 400 again.
(This would produce the error message 2RETURN
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
shownin 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 Population
ME 1,124,660
NH 920,610
VT 511,456
MA 5,737,037
G 3,107,576
RI 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
choose a value that will insure that the longest bar will
fit on the screen. The state name plus a space will use



Figure 10.6 Program to produce a bar graph of the
data in Table 10.1.

18 REM POPULATION BAR GRAFH
29 H=g
30 GE="H"

G FPRIMT "IN FOFULAT IO OF"

45 PRIMT " HEMW EMGLAMD STATEZ" (FREIMT:FRIMT
I8 FOR J=1 TO H
&8 FERD S#F.F

TE L=F/ 208060+, 5 G0sUE 408
=28 HEXTT

56 EMD

188 DATA ME. 11&4x
116 DATA HH., 228&16
128 DATR YWT,311458
128 DATA MAL 3757857
148 DATA CT.31687576
158 DHTA REI.>47154
488 PRIMTZE, " ")

FERDY.

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
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.

FOR I=1 70 LPRIMT GHi HEAT:PRIMT:PREIMT:RETURM

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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(a

(b

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 more accurate 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 10.11.

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.

588 REM ALDD SCALE

618 PRINT " ";:FOR I=1 TO
G268 PRINTY ", :FORE I=g TO 2
628 PRINT THECZH; "MILLIONS
548 RETURM

4 FRINT" |
tPRINT2#1; "
OF PEOFLE"

FERIDY.

gBBd REM RADD SCALE

618 PRINT " ";:FOR I=1 TO 7:FRINT" |
528 PRIMT" ", :FOR I=@ TO S:PRINTI;" "
628 PRINT THECZ>: "MILLIOMS OF PEOPLE"

FERDY.

Figure 10.9 Revised main program that calls
subroutine to add a scale.

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 Plot

less than 0.25 no square

between 0.25 and 0.75 half-square
greater than 0.75 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

i tHERT (FRIMT
" OHERT PREIMT :PREIMT

" tHEAT : PRINT
THEXT : PRINT : PRINT

THEST FREIMT:PREINT : RETLRH

18 REM FOPULATIOH ERRE GRAPH

28 M=g

30 GE="it

4@ FRIMT" I8 FOPULATION CF"

453 PRIMT " HEW EMGLAMD STATES" :PRIMT:PRIMT
28 FOR J=1 TO H

&3 READ =#,F

78 L=P/2Baabe+, 5 G05UE 486

28 MEXTT

23 GOSUE @9 REM ADD SCALE

26 EMD

188 DHTA ME.1124ced

118 DATA HH, 2268618

128 DATA YT.3511455

128 DATH MA.57Z7E37

148 DATA CT., 2187578

128 DATH FI.247154

488 PRINTSE:" " :FOR I=1 TO L:FPRIMT G#;
READY.
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Figure 10.12 Modified subroutine to draw a bar with a
half-square at the end of the bar.

486 REM DRAM EBAR WITH HALF-SHUARRE

418 FRIMT 2%:" "“;:FOR I=1 TO L:PRINT G#;
428 E=L#186-INT(L) #1606

438 IF E>¢S THEM PRIMT "#";:GOTO 438
448 IF E>25 THEW PREIMT "2";

458 PRIMT:PRINT :RETURHM

READY.

The result of running this new program (for the
Commodore 64) in Figures 10.12and 10.13is shownin
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

Youcanalso 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.

1@ REM POFPULATION EBAR GRAFH

' HEXT

| 26 H=p5
3 28 GE="#"
il PRIMT" Iem POFULATION OF"
HILLIONS OF PEOPLE 45 PRIMT " HEMW EMGLAND STATES":PRIMT:PRINT
58 FOR J=1 T H
£8 FERD S5%,P
Figure 10.10 Result of running the program shown in 78 L=P/2Baopg: GOSUE 460
Figure 10.9: (a) VIC 20 and (b) Commodore 64. 88 MEAT.S -
25 GUSUE =@3:REM RDD SCALE
28 EMD
' . . 188 DATA ME. 1124658
equation works. If E is greater than 75 (corresponding 116 DATA HH, 9268616
to a fractional part of L greater than 0.75), then an 128 DATA YT.511436
extra full square is plotted by line 430. If E is greater iit:’ %H_PE‘ l“? ?'1;1‘,5::'_
than 25 but less than 75, a half-square is plotted in line el A
- : = 138 DATA RI.547154
440. Line 450 returns the cursor if appropriate,
skips a line, and returns from the subroutine. READ'Y.
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 —_— e
I | I I
Previous program
plots these # of l IL I ]
squares 1 square 2 squares 3 squares
bl | I I [ I I !
# of squares 1 1 1} 2 21 3
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Figure 10.14 Result of running program given in
Figures 10.12 and 10.13.

Y3=—1, then the bar will be plotted from bottom to
top, and Y2 should be less than Y1. 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.

488 REM PLOT BAR FROM Y1 TO Y2
416 FOR Y=Y1 TO Y2 STEP Yo

428 GOSUE SHE:FRINT BF

438 MEXT Y:RETUREH

SEE REM MOVE TO H.% OM SCREEH
5i@ PRIMT "#"; IF Y=@ THEM 328
S28 FOR I=1 TO Y:PRIHT:HEST
538 PRINT TABCRL: CREETURM

RERDY.

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:

Y1=15: Y2=5: Y=—1: 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 the downward direction. In order to increase
the accuracy of the bar lengths, we will allow half-

90

1=15:¥2=0:¥3=-1:¥=43:8$="33":60SUB 488

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 (B$), thena
positive half-square would be provided by the graphic
svmbol LOGO I. The 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
B2S=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.

“\\]<=— LOGO | symbol = B2%

%4—— BS

V/Ai— B%

WNSN<=—Reverse video LOGO | 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 thata 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 BS being printed in
row Y=21 and a half-square character B3$ being
printed in row Y=22.
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Plot 2 squares B$+B$

i
|

Y=19 1 Plot 14 squares B$+B2$
Plot 1 square B$

Y=20 INT(V)=0 + Plot { square B2%

0 Plot no squares

Y=21 INT(V)=—1 1 Plot } square B3%
i B o Plot 1 square B%
Y=22 Plot 14 squares B$+B3%

Plot 2 squares B$+B$S

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 10.15 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. V1, isequalto 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 BS bar at all. Otherwise,
we will plota BS bar of length V1, 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 10.20 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.

Y1=20
Vl=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 BS bar of length VI
plot end of positive bar

Figure 10.20 Algorithm to plot the positive end of
the bar.

E=V*100-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 V1=0. In line 840, Y2 is equated to 21—V1
and Y3 is equated to— 1. This will result in a BS bar of
length V1 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 VI=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

sE@ REM PLOT WALLUE % USIMG BF, BZF.E2F
2lE P1=2a:WI=IHT\W)

Bz28 IF WIB THEM GOSUE 1w88: RETURH

228 IF WI=8 THEM Y2=Y1+1:GOZLUE 203 :RETUREH
g4l Ya=21-YI:Ya=-1

228 GOZUER 498:EEM  PLOT BFf BARR

2e8 GOSUE S68:REM FLOT + EMD OF EBAR
ZPE RETUREM

SEE REM  FLOT + EMD OF EBAE

S8 E=VE10E-YI%160E

q2E YW=YZ-1:G05UE 5686

938 IF EXVE THEM PRIMT Bf:GOTO 358

248 IF EZ25 THEM PRIMT B2#

558 RETURM

READY

Figure 10.22 Algorithm to consider case of V<0.
Y1=21

if Vi= —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+1)*100|
Move cursor to position below bottom of bar
if E>75
then print full square
else if E>25
then print half-square

91



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).

1088 REM CRSE OF Y@

1818 vY1=21 ,

1826 IF YI=—1 THEM Y2=Y1-1:GOSUE 1166:RETURN

1828 Ye=13-YI:Y3=1

1848 GOSUE 488:REM FLOT BF BAR

1858 GOSUE 1166:REM PLOT - EMD OF BAR
1868 RETURM

1168 REM PLOT - EMD OF BARR

1119 E=ABS(V#10@)-RESC(VI+10%1080

gs="7 WF': Bz‘-ll-ll - B3$"M'

READY .
=+3.0:X=10:605UB 868

1128 Y=Yz+1:GOSUE Som Figure 10,25 Testing subroutines given in Figures 10.21
1128 IF E>7S THEN PRIMT B#:G0OTO 11358 and 10.24.

1148 IF E>25 THEM PRINT E3%

1158 RETURM

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": B28=“LOGO I":
B3§=“RVS LOGO I OFF”

V=+3.0: X=10: GOSUB 800

The line beginning with V=43.0 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=11: GOSUB 800
V=-0.6: X=12: GOSUB 800

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. Try 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 % 4.7 6.8 9.0 13.3  18.2 Jan. change
change at compound
in C.P.L annual rate
Unemployment 7.8 7.0 6.0 5.8 6.2 Jan.
% of
civilian labor
force
Growth % 4.8 5.8 4.9 0.8 1.7 Projected
change in Tst Q.
real G.N.P.
Personal 28 4.5 34 —-0.8 —0.5 Projected
income % 1st Q.
change
per capita
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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
givenin Table 10.2. However, if we develop a program
for creating a full bar graph on the Commodore 64, it

Figure 10.27 Main program for plotting economy bar
graph on the Commodore 64.

16 REM THE ECOMOMY

11 PRINT""

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 11
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 1, BS has been assigned the inflation full-
character I1$, and B2$ has been assigned the inflation
half-character 12$. Line 250 increments the column
number by one so that the next bar will be plotted in
the adjacent column. Lines 260-270 plot the unemploy-
ment bar. Lines 280-300 move to the next column and
plot the growth bar. Lines 310-330 plot the income bar
in the next column. Note that B3$ had to be defined in

15 Ti1F="[d W J1$="HJ B GlE="4H ®" M]1F="ny &

16 I23="]
28 DATA 4.7,7.8,4.8,2.8
28 DATA &.2,7,5 :
48 DATA 5.6.4.
58 DATA 13.3.5
6@ DATR 18.2.6
£3 #=h

78 FOR J=1 TO 5
@8 GOSUE 2@8:REM
98 HEXT.J

188 GOSUE £86:REM
158 GOTO 15@

_noo

FLOT 4 EBARS
PREIMT HEADIMG & SCALE

RERD'Y.

iUZEs"lie"  G2F=" " M2F=" b 25" e el
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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.

208 REM FLOT MEXT 4 EARS
219 READ 1.U,5,HM

230 v=1:B$=11% E2$=12

240 GOSUE 80@:REM PLOT TOTHL EBAR
250 H=r+1

260 V=l BF=U1$: B2s=123

278 GOSUE 2690

280 =i+l

299 V=G:B$=G1$: B2$=02%

308 GOSUR 293

318 H=i+1

220 Y=N:E$=M1$ B2$=M2$: B34=134
330 GOSUB 209

348 K=Eed

358 RETURM
RERD'Y.

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

Figure 10.29 Subroutine to display heading and scale.

68 REM
518 A= Y=22: GOSUE SBE

£28 PREINT"127e 1377 157s
£38 PRIMT"=ERTHE ECOHOMY"

E48 PRIMT

£58 PRIMT I1#:I11%;"w IMFLATION"

BE0 PRIMT UL$iU1%: "s UHERPLOYMEHT"
E7B PRINT G1#i061%) " GROWTH IM GHE"
528 PRINT ML#:M1$: "e PERSOMAL THCOME"
B9E B=361Yw=1 GOSUE D@8 PRIMT" K"

rEE W=3:00E0E SeE FRIMNT" 150

718 Y=18:G0SUE SoE:PRIMT" 18t

ved Y=13:0605UE 596 PRINT". 3"

T30 Y=ZB:GO0SUE SE8:PRINT' @AY

74E RETURM

1973

REARDY .
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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 Sto4soas
to plot only four groups of bars. By changing 5to 2in
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*1976 1977 1978 1979, . The final
semicolon is necessary to prevent an undesired
scrolling of the screen. Finally, by changing X=36 to
X=18in 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.

THE ECOROMY

: INFLATION
= UBE %ﬂ?ﬂEgT

1374 13?5

Figure 10.30 Bar graph of economic data given in
Table 10.2 on the Commodore 64.
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Write and run a program that will:

a. store this data in DATA statements,

4= b. compute the gas mileage in miles per gallon for
each fill-up, and plot the results as a bar graph,
¢. 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
137 e FIELABTE 1973 Canada 23,940,000 3,851,809
Figure 10.31 Bar graph of economic data given in China 1,027,000,000 3,691,502
Table 10.2 on the VIC 20. India 667,326,000 1,178,995
Japan 116,780,000 143,689
EXERCISE 10-1 Soviet Union 266,670,000 8,649,489
The following table shows the amount of gasoline B"!teg gmgdom zggggiggg ; ?g?gg
required to fill the gas tank of a certain station wagon: bilee ies it 515,
Speedometer Reading Gallons to Fill Tank Write and run a program that will:
93769.3 15.5 ; "
94034 6 15.2 a. store this data in DP“TA stat‘ements, .
942491 14.8 b. compute the population density for each nation
94376.6 9.0 in people per square mile, and
a0 103 ¢. plot the results as a bar graph
94778.2 12.8 - P graph.
95037.0 14.9
95258.0 14.7
95499.3 15.3
95732.7 20.3
95941.2 15.0
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LEARNING TO
AN ALTE

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 Commodore 64/ VIC 20
to accept a single character from the keyboard as soon
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.

WH
IVE

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 AS where A$
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.

96

OU WANT:
NPUT

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 AS. If the statement is executed withouta
key being pressed, the buffer is empty, and the string
variable AS is assigned to the nu/! 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 AS. 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



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 ? A$;: 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 I1.1.

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 Il.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 one character 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.

Figure 11.1 This program GETs a character from the
keyboard buffer and displays it at the next screen
location.

LImEMIITC®
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Figure 11.2 Move graphic symbol left, right, up, or
down using keys A, D, W, and X.

DRAWING PICTURES INTERACTIVELY

In order to draw a picture interactively, we will write a
program that will cause a graphic symbol 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 40-70 check to see if the key wasan 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 11.3 Program for drawing pictures interactively
on the screen.

2 REM IMTERRCTIYE DRAWING

5 PRIMT"DM

18 #=10:Y=18:B$="5"

28 GO3UE 580 :PRINT B2

@ GET A%:IF A%F="" THEHW 2@

48 IF FAF="A" THEM W=¥-1:G0T0 Z&

a8 IF FE="D" THEM H=¢+1:G0TO 25

BEIF AE="W" THEM ‘Y=Y-1:G0T0 26

76 IF A$="RX" THEM Y='+1:G0TO 28
95 GOTO 38
588 REM MOWE TO #.Y%

918 PRIMT"S": IF Y=08 THEM 3353
228 FOR I=1 TO Y:FPRIMT :HEXT
38 PRIMT TRECR); ‘RETURH

READY,

Key 8 7
17

Key 4 Key 6 -~ 4
Key 2 1
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Figure 11.4 Sample run of program shown in Figure
113

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 11.4.

Making Diagonal Lines

As an exercise you should try to modify the program
shown in Figure 11.3 to make it draw diagonal lines
using keys Z, C, Q, and E, as shown in Figure 11.5.

Figure 11.5 Move graphic symbol diagonally using
keys Z, C, Q, and E.

Key 8

Key 7 I Key 9

Key 4 =—— — Key 6

Key 1 l Key 3
Key 2

7 8
-— 4 5
1 2
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Figure 11.6 Modification of program shown in Figure
11.3 to allow drawing of diagonal lines.

2 REM IMTERACTIVE DRAMIMG

5 PRINT"CD

19 #=1@:Y=10: B§="%"

20 GOSUE 568:FRINT B

38 GET A$:IF AS="" THEN 30

48 IF A$="A" THEMN LGOTD 28
56 IF A$="D" THEM X=W+1:G0TO 2@
£8 IF R$="W" THEM LGOTO 28

vB 1IF AF="X" THEM SGOTO 26
28 IF RAF="2" THEH X Se=lGOTO 28
58 IF A%="C" THEHW ¥ S=H1 i GOTD 28

188 IF A%="0L" THEH =1:¥Y=Y-1:60T0 28
118 IF A%="E" THEM H=x+l:¥=Y-1000T0 26
128 GOTO Z6

588 EEM MOWE TO #H.Y

D18 PRIMT"S"; (IF Y=8 THEH S50

228 FOR I=1 TO Y:PRIMT:HEAT

338 FRIWT THECA2; EETURH

REHDY.

The listing of a program that will allow drawing of
diagonal lines is shown in Figure 11.6. Lines 80-110
have been added to check for the pressing of keys Z, C,
Q, or E. Forexample, if key Z is pressed, you want to
move the cursor left | and down 1. This is accom-
plished by decrementing X by 1 (X=X-—1) and
incrementing Y by | (Y=Y+1) as shown in line 80. By
branching to line 20 the cursor is moved to this new
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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 11.3 had to be deleted and a
new GOTO 30 statement was added as line 190 in
Figure 11.6.

A sample run of the program given in Figure 11.6 is
shown in Figure 11.7.

Watching the Edge of the Screen

When you run the program shown in Figure 11.6, 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 11.8. 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 ?ILLEGAL QUANTITY
ERROR IN 530.

Figure 11.8 Error message produced because X
became negative in TAB(X).
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GAl QUANTITY ERROR IN 538

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
11.9. 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 11.8 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 11.9(a) restricts the picture to a maximum of 21
columns, appropriate for the VIC 20. Line 508 in
Figure 11.9(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 or40 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 IMTERACTIYE DREAMIMG
S PRIMT"I"

18 K=18:Y=18:Bf="%"

& GDSUE S FRINT B#

38 GET A%:IF A%="" THEH 38

48 IF AF="RA" THEM A=r-1:0G0T0 28

58 IF AF="D" THEN H=x+1:0G0T0 28

ed IF AF="W" THEM Y=Y-1:G0TO 2@

ca IF AF="2" THEW Y=Y+1:GO0TO 28

28 IF AF="2Z" THEM ¥=w-1:Y=Y+1G0TO 268
20 IF A#F="C" THEM ﬁ—n+1=?=?+liﬁUTU 28
188 IF A$F="0" THEM ¥=k-1:Y=Y-1:G0T0 28
118 IF A%="E" THEHM HSH+ sf=l -1 GOTD 26

198 GOTO 24

B8R REM MOVE TO H.Y

J@z IF %<8 THEHW Y=@

284 IF Y>z21l THEM Y=zl

SBE IF X<B THEW =8

5688 IF K228 THEM K=2&

516 PRIMT"S"; 'IF Y=8 THEM 538
528 FOR I=1 T0O Y:PRIMT:HEKT
538 PRIMT TAEwX)) 'EETURM

READY.

2 RFEM IMTERACTIYE LREAMIMG
5 F'F‘IHT""J"

18 #=18:Y=16:Bf="#%

26 GD_.UE‘ qﬁﬁiF'EiIHT B$

38 GET A%:IF A%="" THEHW =&

48 IF A¥="A" THEM H=kX-1:GOTO 26
28 IF A%="D" THEM H=x+1:G0T0 26
68 IF AF="H" THEM Y=Y-1:GOTO 28
vE IF Ag="k" THEM Y=Y+1:G0TO 28
28 IF AF="Z" THEH h =p=1 Y=Y+l GOTO 28

28 IF AF="C" THEM r=«u+l:Y=Y+1'GOTO 2E

(@)

(b)



(b) 1@@ IF AF="E" THEM #H=4H-1:'Y=Y-1:G0TO

e

A N
Dl

1=t

118 IF AF="E" THEH H=K+1:¥=Y-1:G0T0O
198 GOTO 38

SPE REM MOVE TO A%

DBz IF Y<B THEM Y=8

oB4 IF Y>23 THEW Y=23

SEE IF w48 THEM ¥=8@

82 IF »>38 THEN K=32

Sile PRINT"S"; :IF 'Y=6 THEM S34

228 FOR I=1 TO Y:PRIMT:MEXT

338 PEINT TREC=2; ‘RETURHN

RERTIY.

A sample run of the program given in Figure 11.9 is
shown in Figure 11.10. 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 11.9
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 I=1 TO 50: NEXT
30 GET AS: IF AS<>"“"THEN 40

35 GOSUB 500: PRINT “ ": FOR 1=1TO 50: NEXT;
GOTO 20

The resulting main program is shown in Figure 11.11.

Note thatinline 30 AS isagain 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
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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. Fora 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 fora short time. Line 30 then GETs another
value for AS 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 DRAMING

S PRINT "I

18 ¥=10:Y=10: E$="5"

28 GOSUB S8&:FRINT ES

25 FOR I=1 TO S8:HEXT

36 GET A$:IF ASCH"" THEN 48

3]

48 IF AF="A" THEM H=x-1:60TO 26

SE IF AF="L" THEM #W=x+1:G0OTO 26
ed IF AF="W" THEMN Y=Y-1:G0TO 29
7E IF A$="x" THEM Y=Y+1:G0TO 26

28 IF AF="Z" THEN x¥=r-1:Y=Y+1:!G0TO 28
289 IF RAF="CY THEM w=i+l:9¥=Y+1:GOTO 24
188 IF FF="G" THEM K=x-1:Y=Y-1:G0TO 26
118 IF A%="E" THEN ®=n+1:¥=Y-1:G0TO 26
138 GOTO =@

RERDY.

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. Try it.

33 GOSUE SE8:PREINT" ":FOR I=1 TO S8 HERT:GOTO 2@



Changing a Graphic Symbol

More varied pictures could be drawn if you could
interactively change the graphic symbol that is printed
inthe programin Figure 1 1.11. Suppose, forexample,
that when you press the key G (for graphic symbol),
the cursor stops blinking and the next key you press
will be the new graphic symbol. This modification can
be added to the program in Figure 11.11 by deleting
line 190 and adding the following four lines:

120 IF A$<>"“G” THEN 30

130 GET AS: IF A$="" THEN 130
136 B5=A$%

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 was G, 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 BS 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 11.13. You may notice
in running this program that the reverse video key
appears not to work. That is, you cannot change BS to
a reverse video character. This is because pressing the
RVS key after pressing G will assign RVS to AS and
therefore to BS 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

Figure 11.12 Lines 120-140 will change the graphic
symbol if key G is pressed.

2 REM IMTERACTIVE DRAWIHG

3 PRIMT"O"

18 ®=18:Y=10:B3="3"

28 GOSUE S88:PRIMT EF

25 FOR I=1 TO S8:HEXT

38 GET A%:IF A$Z"" THEH 48

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.

2oco000000
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1 & +

b | =++

+tun.
+
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¥
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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 11.12, it is necessary to turn on(and
off) the reverse video each time BS 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 A$ = “RVS” THEN RV=1:GOTO 138

134 IF A$ = “OFF” THEN RV=0:GOTO 138

35 GOSUB S@8:PRIWMT" ":FOR I=1 TO S8:HEST GOTO 26

46 IF FA#="A" THEH #x=k-1:0G0T0 26

5@ IF AE="D" THEM @“=k+1:0G0T0 28

58 IF AF="W" THEMW Y=Y-1:GOTO 28

78 IF AF="A" THEM Y=Y+1:0G0TO 28

28 IF A$="2" THEM n=k-1:Y¥=Y+1:G0TO 2
26 IF AF="C" THEM K=#+1:="Y+1:G0T0 2
166 IF A$="G" THEHM n=k-1:Y=Y-1'GOTO 2@
116 IF A$="E" THEM #A=k+l:Y=Y-1:G0TO 26
128 IF A%C:"G" THEH 328

128 GET A%:IF AF="" THEH 1Z&

136 E#¥=A%

138 GOTO 28

P O e

RERDY.
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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 REM IMTERACTIVE DREAMWIHG
5 PRIMNT"Y
18 w=18:Y=16:Bg="5a"

26 GOSUE S08:IF RV=0 THEM PRIMT E$:GOTO 25

21 PRIMT "&"+Bg+"m"
25 FOR I=1 T0O 58:HEXT
38 GET A¥:IF AFCM" THEM 4G

2 GOSUE 2686:PRIMT" ":FOE I=1 TO S8:HEST:GOTO 28

il

48 IF AF="R" THEM X=#x-1:G0OTO 26

ZB IF BF="D" THEM H=#+1:G0TO 28

=8 IF AE="W" THEMW Y=Y-1:G07T0 26

78 IF AF="x" THEW 'Y=Y¥+1:GO0TO 28

28 IF AF="Z" THEM n=u-1i7="Y+1:GOTO 28
58 IF R#E="C" THEHM H=k+1:Y=Y+1:G0T0 24
106 IF AF="0" THEM #=k-1:Y=Y-1:G0OTO 24
118 IF A$="E" THEM n=wk+l:Y=Y-1:0G0T0 28
128 IF A$<X"G" THEWM 3@

126 GET RA%:IF A$="" THEH 136

132 IF A%#="{" THEM RW¥=1:G0OTO 138

124 IF A®="8" THEM RY=8:GOTO 132

136 EB$=AR%

138 GOTO 26

FREADY.

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 RV 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
flagRVisOorl. Ifitis0, BS is printed as usual. TRV
is | then “RVS”+ BS+ “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.
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Make the changes shown in Figure 11.14 and run
the new program. A sample run is shown in Figure
11.15.

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 11.16 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.
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(a)

(b)

(c)

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.

Youshould obtain the result shown in Figure 11.18.
In order to test the erasing subroutine, move the cursor
to the top of the screen and edit the statements in
Figure 11.18 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 11.17 (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.

168 REM DRAW PLAME
116 GOZUE 588 PRIMT"#Caad

HENE FERE

158 REM ERASE FLAME

166 GOSUER £08: PREIMT" BEEE) EHEE PHEI
RERLY.

EEE REM MOVE TO H.Y

662 IF ¥<@ THEM =@

£04 IF > ;i

606 IF #<2

E0% IF X313 THEM ®=1%

618 PRIMT"S"; : IF Y¥=0 THEM 630
620 FOR I=1 TO Y:PRINT:MEXT
€30 PRINT TRECH) :RETURH

REHADY.

AEE REM  MOWE TO .Y
HEZ IF Y8 THEM Y=8
GBEd [F Yr2E THEM Y=Z2i
EEE “iz THEM &

(=1
£18 PRIMT"&E"; ' IF Y=8 THEMN &Z@
G20 FOR I=1 TO Y:PRIMT:HEXT
638 PRINT TRBO®): ‘RETURH

READY.

X=15:¥=5:605UB 166

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
11.19. 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 isa A, D, W, or X. If it is any of these
keys, the plane is erased and then redrawn at the
appropriate new position.

RETURH

"RETURM
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Lines 80-90 check to see if the key pressed isan 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 isshown in Figure 11.20. Lines 200-250 fire
the left phaser. Lines 300-350 fire the right phaser. The
subroutine in lines 400440 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

Figure 11.19 Main program for controlling a fighter
plane with phasers.

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 11.19and 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.

5 REM FIGHTEE FLAME WITH PHAZERS
16 PRIWMT"M) i=18:Y=108
26 GOSUE a6 :GOSUE 0o
38 GET A%:IF AF="" THEH 38
43 IF AF="H" THEM GOSUE 156:
S8 IF R$F="D" THEW GOSUE 156X
28 IF A$="M" THEW GOSUE 156:Y=
TA IF A%="4#" THEH
28 IF AE="L" THEHW GOSUE 296:G0T0 38
28 IF A$="R" THEH GOSUE 206:GOTO 36
25 - A

> 3OR
READY. .ﬁ()

SE0EUE

EOSUE
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296 REM FIRE LEFT PHAZER

216 I=K-2

228 FOF ""="r TESS JSTER =18 1

236 GOSUE S86:FRINT"8' wJKE *Jﬂﬁ 3
24@ HEXT m e
256 GOSUE 486 RETURN

@6 FEM  FIRE RIGHT PHASER

318 U=g+2

226 FOR W=Y T & STEF -1

3308 GUSUE S8 PRINT"O" {/ 4]
348 MEST X | A
308 GOsUE 4680 RETURM T
435 REM ERASE FHASER %

418 FOR W=7 TO © STEP -1

423 GOSUR 366:PRINT® °

4368 HEXT

446 RETURH

SEE REM  MOVE TO ULV

S18 FRIMTUE")  1F Ws6 THEM 538
G FOR I=1 TO YIPRINT:HEAT
@ PRINT TABCLD; :RETLRN

FERDY.

196:60TD 28 |
'GOSUE 160:G0TO 38 | )
166:GOTO 28
GOSUE 158 Y=Y+1:GOSUE 108:G0T0 39



(b)

(-Y-N-N-0-N-N-R-R-F-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 L) there
are | | key presses to store beforea GET occurs. Thus,
the last R key press is lost.

EXERCISE 11-1

Modify the program shown in Figure 7.4 by substi-
tuting a PRINT statement and a GET statement for
line number 120. The modified program should
continue as soon as the user presses key Y.

EXERCISE 11-2

Modify the interactive drawing program of Figure
11.14 so that the cursor may be changed in color from
the keyboard.

EXERCISE 11-3

Modify the phaser-firing subroutines shown in Figure
11.20 so that only a single “bullet” is fired from each
wing.

EXERCISE 114

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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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 the array 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 cell S$ and each population figure into the
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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. Forexample, type
these statements as shown in Figure 12.2:

S$(2)="“VT”
288(2)
P(2)=511456
7P(2)



Figure 12.1 (a) The six subscripted variables S$(1), 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(O) | 993663

S$(1) |NH P(1) | 737681

S$(2) |VT P(2) | 444732

S$(3) |MA P(3) |5689170

s$(4) |CT | P(4) |3032217

S$(5) |[RI P(5) | 949723
(@) (b)

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 I=0 TO 10: A(I)=2*I: NEXT
FOR I=0 TO 10: 2A(I);: NEXT

The first statement fills each of the eleven memory cells
A(D), 1=0, 10 with the value 2*I. The second statement
prints these eleven values.

Try changing the first statement to FOR I=0 TO 11:
A(1)=2 *I: 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 are assigned the names A(0)-A(10).

FOR I=0 TO 18:ACI)=2%]:NEXT

READY .
FOR 1=8 TO 10:27ACI);:MEX
8 2 4 6 8 i@

T
i2 14 16 18 28

Figure 12.3 Filling the array A(l) with the value 2*I.

If you try to use the name A(11), as in the example just
given, you get the error message ZBAD 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 the array 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,
itis 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 cellsinan 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 to save a considerable amount
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 rwo 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-
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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 7REDIM'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.

Forexample, try typing FOR I=0TO 11: A(I)=2*I:
NEXT. If you have not dimensioned the array A, you
will obtain the error message ZBAD SUBSCRIPT
ERROR as shown in Figure 12.4. The problem, of
course, is that you tried to refer to A(11), 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(11) you will obtain the error
message JREDIM’'D 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(11)
FOR I=0 TO 11: A(I)=2*I: NEXT
FOR I=0 TO 11: ?A(I);; NEXT

Figure 12.4 Examples of using the DIM and CLR
statements.

FOR I=8 TO 11i: ACI)=2%I: NEXT
?BAD SUBSCRIPT ERROR

READY .

DIN Adliid
2REDIM’D ARRAY
READY .

ERROR

b=

L= ]
wi e
o
-
e’

=)

e 2N "

L
=
¢ 8
E
0

=8 TO 11: ACI)=2%I: NEXT

P o

L=
-

=8 TO 11:?AC1);: NEXIT
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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 20UT OF MEM-
ORY ERROR.

Any time you want to know how many bytes of free
memory you have left, type 2FRE(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.

Figure 12.5 The statement 2FRE(1) will print the
number of free bytes of memory left.

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 marrix
containing three rows and four columns as shown in
Figure 12.6. Inthearray A(1,J), the first subscript, I, is
the row number and the second subscript, J, is the
column number. Thus, forexample, in Figure 12.6 the
value of A(1,2) is 8 and the value of A(2,1) 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



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(l,)) 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 GS. 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
GS(4),L(4). This statement defines an array G$(1) that
will contain the four graphic symbols and an array L(I)
that will contain the four lengths. Although this DIM
statement defines five elements for each array, we will
use only the elements G$(1)-G$(4) and L(1)-L(4) and
ignore G$(0) and L(0).

Figure 12.7 Bar graph example using arrays.

o By T
P Rl I

Line 30 reads the four graphic symbols in the
DATA statement on line 15 into the four subscripted
variables GS$(1)-G$(4). Line 40 reads the four values
12,21,5,and 17 from line 20 into the four subscripted
variables L(1)-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 | 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.

Figure 12.8 Plotting the bars adjacent to each other.
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NEXT
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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 (I=1) with all succeeding elements.
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Figure 12.9 Sorting an array by moving the smallest
succeeding value to location I, I=1to N — 1 (N=
number of elements in array).

)= |=2 1=3
L(1) 12 5 5 5
L(2) 25] 25 12 7
L(3) 5 12 25] 25
L(4) 7 7 2 12

Array
sorted

12
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 (I=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 isshown 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(T)

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=1+1TO N
if L()<=L(J)
then do nothing
else interchange L(I) and L(J)

next)
nextl
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statements to interchange the values of L(1) 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(N=L(I)
T=L(I)
L(I)=L(J);will interchange L(I) and L(J)
LJ)=T

will not interchange L(I) and L(J)

The value in L(I) must be stored temporarily in
another memory cell T before the value in L(J) is putin
L(I). Then the value in T (formerly in L(1)) 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.

28868 REM SORT LCI)

2818 FOR I=1 TO M-1

2028 FOR J=I+1 TO M

28238 IF LiIx<=L(J) THEW 26858
2848 T=Lolx:L{Ix=LiTs LiJu=T
28568 MEXT.J:MESTI

28e8 RETURH

REALDY.

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
alsoshownin Figure 12.13. Line 45 sets the number of
elementsinthearray 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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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$=GS(I): GS(1)=GS(J): G$(J)=T$ to the subroutine
given in Figure 12.12 as shown in Figure 12.14. This
statement will cause GS$(I) and G$(J) to be inter-
changed each time L(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
G3$(1) and G$()) each time L(l) and L(J) are
interchanged.

Zpps REM  SORT LOIX

2818 FOR I=1 TO H-1

228 FOR J=I+1 TO M

2828 IF LOI»I=LdJy THEW 2B56

2848 T=LCTs:Lolo=LaTy LoJa=T

2845 TE=GHCI) GF(I0=GFCI) GHECII=T%
283568 HESTJ HEATI

z868 RETURH

RERDY.
Sorting an Array in Descending Order

The subroutine in Figure 12.14 can easily be modified
to sort the array L(I) in descending order rather than
ascending order by changing line 2030 to 2030 IF
L(D)>=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
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R I=1 TO L:PRINT G%;:NEXT:PRINT:R

Figure 12.15 Plotting bar graphs using the subroutine
in Figure 12.14.

Figure 12.16 Subroutine to sort array L(l) containing N
elements in descending order.

2808 REM  SORT LOID

2818 FOR I=1 TO H-1

2Ezy FOR J=I+1 TO H

2628 IF LoIsZ=LoJy THEHM zZB34

2l T=LolaLols=Lodr Loda=T

2B45 Ta=GF(I GECII=GFCT GECTI=TH
2858 HESTJ  MERTI

2858 RETURH

FERDY.

Figure 12.17 Plotting bar graphs in descending order
using the subroutine in Figure 12.16.
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R I=1 TO L:PRINT 65;:NEXT:PRINT:R

value of some index variable 1. 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 [=2, the program branches
to the subroutine at line 200; if =3, the pro-
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gram branches to the subroutine at line 300; if | 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
Figure 9.15 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.

eoa REM 3-D P

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 ] 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 I, F, E, P, or T to be displayed
depending upon whether lisequalto1,2,3,4,0r5. We
need some way of making the value of I (1-3)
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 I=1 TO 5: READ BS(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, I=4
corresponds to P and will cause a branch to line 600).

The next problem is how to determine which index
value I corresponds to the letter stored in AS (the key
pressed). This can be done by comparing A$ with BS(I)
as | increases from 1 to 5. When a match occurs, the

Figure 12,20 The value of the subscript 1 identifies a
particular letter.

BS(1) !
B$(1) J 1
B$(2) F 2
B$(3) E 3
B$(4) P 4
BS(5) T 5

618 GDSUE 208:PRIMT "TITITITRRING ®";EzF; GOSUB 2268

628 RETURH
RERDY.

Figure 12.19 Subroutine to display 3-D T.

788 PEM E-D T
718 PRINT D35%,EB5%,C4%,E5%,E43. Ba# )

ved FOR I=1 TO V:PRIMT A1$,C1$;B2%; "N"; ‘HEXT :FRINT Ri%,E1%;

738 RETURM
READY.
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value of | is the one to use in the ON...GOSUB state-
ment. In pseudocode the match can be found as follows:

[=1

do until A$=BS(1) or 1>>5
I=1+1

enddo

In other words we simply increment 1 by one until
there is a match between A$ and BS(1) 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 I=1
1060 IF AS=BS(I) OR I>5 THEN 1075
1070 I=I+1: GOTO 1060

Note that for this algorithm to work, the array B$(I)
must be dimensioned to at least B$(6) because 1 will
equal 6 if no match is found.

The entire main program for displayinga 3-D letter
is shown in Figure 12.21. Line 1005 clears the screen.
Line 1010 dimensions the array B$(1). Lines 1020-1030
fill the array B$(1) as shown in 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 12.21 Main program to display 3-D letters.

1608 REM LETTER DISFLAY PROGEAM
1885 PRIMT"D"

igig DIM BEied

1828 DATH J.F.E.P,T

1638 FOR I=1 TO S:READ B$CI):MEXT
1848 PRIMT "EMTER J,F.E.P, OR T:"
1845 GOSUE =88 ' REM GET A%

1858 I=1

1868 IF AE=B2{I) OR IS5 THEMW 187v5
lavs I=I+1:GOTO 1668

1875 PRINT:PRINT

1688 OW I GOSUE 189,266,388, chd. 7ae
1885 PRIMT:PRIMT" Aelm"

Figure 12.22 Subroutine to GET A$ from a blinking
cursor.

266 REM GET A% FROM BLIMKIHG CURSOR

218 PRIMT "3 M|, :FOR I=1 TO 28&:HEXT

228 GET A%:'IF A$<"" THEW 248

826 PRIMT" W"; :FOR I=1 TO 2@@:HEXT:GOTO 218
S48 CPRINT A "' ‘RETURH

READY.

Lines 1050-1070 in Figure 12.21 determine the value
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 I=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 in line 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.

1626 PRIMT "DO YOU WISH TD ENTER AMOTHER LETTER? "

1835 GOSUE 288°'REM GET A%
1166 IF A$="Y" THEM PRIMT:GOTO 1@4@
1288 EMD

RERDY.
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ENTER J,F,E,P,

DO YOU WISH TD ENTER AMOTHER LETTER? M
READY .

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(I)

¢. computesand 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

N
sp=vL 3 (sm-Avy
I=1
N

where the notation
I=1

means the sum from I=1

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:
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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
4 9 70 56 81 75 87 90

EXERCISE 124

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 12
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 |
Deposit
(dollars) 25 20 30 15 25 40 20 30 35 35 35 25

20 345 6 7 8 9100012

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) = aix* + a:x’ + a;x* + asx + as

can be written in the following nested form:

P(x) = as + x(as + x(a: + x(a: + x(a1))))



If the coefficients a; are stored as subscripted variables Write a program that will use a similar nesting

A(I), then the polynomial P can be evaluated, using algorithm to evaluate the polynomial
the nested form, by the algorithm: P(x) = 3%5 + 4x% — 23 + Sx — 7
P= A(l) for values of x between—2 and +2 in steps of 0.2. Print
” out a table of x and P(x). Make your program general

for1=21t05 i ;

so that the coefficients are stored in DATA statements

P=A(I)+X*P ;

and the program can handle a polynomial of any

next 1 order.
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You have learned earlier in this book that memory
cells with names like AS and C3$ 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. howtowritea program to deala hand of playing
cards.

THE STRING FUNCTIONS LEFTS,
RIGHTS, MIDS, AND LEN

The string functions LEFTS, RIGHTS, and M1D$ are
used to extract some portion of a string. The function
LEN is used to determine the length of a string.
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LEFTS

The function LEFTS(AS,I) is a string that contains the
left-most I characters of the string AS. For example, if
AS=“ABCDE", then LEFTS$(AS,2) will be the string
“AB™. To verify this, type these statements, as shown
in Figure 13.1:

AS="ABCDE”
?LEFTS(AS,2)

RIGHTS

The function RIGHTS(AS,I) is a string that con-
tains the right-most I characters of the string AS.
For example, if AS="ABCDE", then RIGHTS(AS,2)
will be the string “DE". To verify this type
PRIGHTS(AS,2) as shown in Figure 13.1.

MIDS

The function MIDS(AS,1,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
AS="ABCDE", then MID$(AS$,3,2) will be the string
“CD”. To verify this, type TMID$(AS,3,2) as shown in
Figure 13.1.



The function MIDS can also be written with only
two arguments. In this case MIDS$(AS,I)is a string that
contains the characters of AS starting at position l and
continuing to the end of the string AS. Forexample, if
A$="ABCDE". then MID$(AS,2) will be the string
“BCDE™. To verify this, type ZMID$(AS,2) as shown
in Figure 13.1. Note carefully the difference between
MIDS(AS,2) and RIGHTS(AS,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 AS.

ns="ABCDE"

READY .
?lﬁEFTS(ﬁs, 2)

bt 0
e
==
—fn

RE
IR
E
RE
H
D

b D

L Lo ]
A=

Figure 13.1 Examples of using the string functions
LEFT$, RIGHT$, MID$, and LEN.

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 AS="ABCDE", then the value of LEN(AS)
is 5. To verify this, type 2LEN(AS$) as shown in Fig-
ure 13.1.

THE NUMERIC/STRING FUNCTIONS
VAL AND STRS$

Itisimportant 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 STRS$ will do this.

VAL

The function VAL(AS) is equal to the numerical
equivalent of the string A$. If A} does not have a
numerical equivalent, then VAL(AS$) 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.

AS="456"

?AS

VAL(AS)

Note that ?AS$ prints the string 456 starting in column

0, while 2VAL(AS$) prints the number 456 with the
usual leading blank.

Figure 13.2 Examples of using the numeric/string
function VAL.

In order to clarify the difference between VAL(AS)
and AS, type these statements, as shown in Figure
13.2:

?VAL(A$)+10
?2A8+10

Note that the number VAL(AS) 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,

STR$
The function STRS$(A) is the equivalent of the
numerical value A. As an example of using the STRS$

function, clear the screen and type these statements, as
shown in Figure 13.3:
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A=456
A
?STRS(A)

Note that both print statements print the number 456
with the leading blank. This means that the string
STRS$(A) actually contains the leading blank; it is the
string * 456™. To verify this type 2LEN(STRS$(A)) as
shown in Figure 13.3. This shows that STR$(A) really
does contain four characters (blank, 4, 5, and 6).

M =D

=T ;Mo
W=C
~
=4
S

=g

STRSCA))

RE
25
4
L
4
RE

i D

DzéTRS(ﬁ) 80
n +Il. 1]
56.08

Figure 13.3 Examples of using the numeric/string
function STR$.

Strings can be put together (concatenated) to
form longer strings. For example, type
78"+ STRS(A)+".00™ as shown in Figure 13.3. The
strings “S$", * 456", and “.00" form the string
“$ 456.00™.

Suppose you wanted the total string to look like
*$456.00" without a blank between the dollar sign and
the first digit. You want to include all but the first
character in the string STRS$(A). Try typing
78"+ MIDS(STRS(A),2)+".00" as shown in Figure
13.3. Do you see how it works? Remember that
MIDS(STRS(A),2) is the string containing all of the
characters in STRS(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 VAL are reciprocal
functions because they satisfy the following relations:

string = STR$(VAL(string))
value = VAL(STRS$(value))

Verify this by typing the following statements, as
shown in Figure 13.4:

ISTRS(VAL(“246™)
VAL(STRS(246))
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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(“SHIFT S”)
?ASC(*ABC")
?ASC(“HOME")
2ASC(*7")

Letters, graphic symbols, digits, and special function
keys all have ASCII numbers. Note that the ASCII
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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 AS: IF AS= "" THEN 30
40 ?AS ; 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;;ASCC(AS) ;SPC(2); :60TO0 38

RUN
i66 F 163 '\ 223 § 214
63 43 3

3 B 66 C 67 e

93 & 5

CHRS

If you know the ASCII code of a character you can
generate the string of that character using the function
CHRS(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:

?CHRS(65)
?CHRS$(211)
?CHRS$(55)

Now type 2CHRS$(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
ASCIl codes and CHRS functions associated with the
various cursor movements, color kevs, and reverse
video functions are given in Appendix B.

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
Al=A+.005

?A1
?2INT(A1*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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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 13.9:

A2=INT(A1)

?A2
A28=MIDS$(STR$(A2),2)
?A28

Note that A2 is the dollar value and A28 is the string
representation of this value, with the leading blank
eliminated.

Figure 13.9 A2% is a string representation of the dollar
amount.

AZ=INT(Al)

In order to obtain a string representation of the
cents value, type these statements, as shown in Figure
13.10:

A3=Al1-A2
?A3

120

A35=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).

READY.
SRS, A3S
208.58

Figure 13.10 A3$ is a string representation of the cents
amount.

The total dollars and cents can be displayed by
typing ?“$”;A28;*.";A38% which will display

$208.50

as shown at the bottom of Figure 13.10.

The statements shown in Figures 13.8, 13.9, and
13.10 can be combined to form the subroutine shown in
Figure 13.11. This subroutine should print the value of
Ainthe form $XX.YY. For the first value of A shown
in Figure 13.11 the subroutine works well. However,
for a value of A=159.996 the subroutine prints
$160..9. The problem can be found by looking at the
values of Al and A3 as shown in Figure 13.11. If the
fractional part of Al (the cents value, A3) is less than
0.01 then A3 will be stored in scientific notation. Now
the third and fourth characters in STR$(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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Figure 13.11 This subroutine for displaying dollars and
cents will not work for cents values less than 0.01.
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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

$ 2357829 .49,
A28 A3

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$, ASS, and A6S as follows:

$ ,2,357,,829.49
A6S A58 A4S A3S

That is, if L=LEN(A2%), then:

Ads=|A2S (L<=3)
MIDS(A28,L-2,3)  (L>3)

Ass= [LEFTS(A28,L-3)  (L<=6)
MIDS$(A28,L-53)  (L>6)

A6S= LEFT$(A2$,L—6)  (L>6)

The algorithm for adding the commas will then be:

if L<=3

then print $A43.A38

else if L<=6
then print SAS5$,A48.A3%
else print $A65,A5%8,A48 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.
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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 | 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 1s 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
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 K
5 5 18 31 44 5
6 6 19 32 45 6
7 7 20 33 46 7
8 8 21 34 47 8
4 9 22 35 48 9
! 10 23 36 49 10
J 1 24 37 50 11
Q 12 25 38 51 12
K 13 26 39 52 13
Suit § 1 2 3 4
No.

[tis 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—1)/13)+1. Verify this by trying
some examples from Figure 13.14. For example, if
C=26 (king of diamonds):

S=INT(25/ 13)+1
=1+1=2

Once you know S, the value number V can be
determined from the equation V=C—(S—1)*13.
For example, if C=26, then S=2 and
V=26—(2—1)*13=13.

Itisconvenient to store all of the card numbers inan
array C(I) (we will use an integer array to save
memory). This array can be initialized with these
statements:

DIM C%(52)

FOR I=1 TO 52: CG(l)=I: NEXT

Thus, for example, C%(47)=47 and represents the
eight of spades.

Suppose vou want to display the nineteenth card in
the deck. The card number is C%(19)=19. The suit
number is
S=INT(C%(19)—1)/13)+1

=INT(18/13)+1
:’)

and the value number is:
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V=CG(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 S$ 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 V1§ 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 S$ 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 S18=MIDS$(SS,S,1).

U$="A23456789TIOK"
§5="12e0e"

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 13.16. The subroutine given by lines
3000-3050 sets up the deck by dimensioning and
initializing C%(1) and defining V$ and S$. 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 V1$ and the suit string S1$ of
the card located at position P in the array C%, that is,
the card with number CY(P). Lines 3110-3120 define
the suit number S and value number V using the
formulas givenabove. Lines 3130-3140 find the single-
character strings V1$ and S18.

In order to test these subroutines, type these
statements, as shown in Figure 13.17:

GOSUB 3000
P=33: GOSUB 3100: ?V1$;S18
P=52: GOSUB 3100: ?V18$;S18



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).

2@AB REM  FLAYIMG CARD SETLUP
sa18 DIM ChoSE)

3628 FOR I=1 TO S2:CHCIx=I:HEXT
2030 VE="A22456783T.IOK"

3040 SF="Hhevd"

2858 FETUREM

2188 REM PICK CRRD AT LOCATIOHN P
3118 S=IMTO(CHIPI~12/130+1

3128 W=CAC(P)-(S-1 %13

3136 V1F=MIDFIWE, NV, 10

3148 S1E=MIDFISF, 5,10

3158 RETURM

READY.

GOSUB 360608

READY .
P=33:605UB 3188:7VU15;51%

o
:6O5UB 31688:-7V15;515

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 1 to 52, finds V1S and S18 for
the card at position P (line 40), and prints these value
and suit charactersat 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.

18 REM DISPLAY DECK

2B GOsUB 3088:REM  SETUP DECK
23 PRIMT H=1

38 FOR P=1 TO 52

48 GOSUE 2108:REM  GET MEWT CARID

28 FRIMT TRECH)W1F,51%, 'REM
23 M=M+e: IF H:13 THEM FEIMT :H=1
&l MEATF

188 END

REALDY.
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Figure 13.19 Result of running program shown in
Figure 13.18.

card array C%(1). The following simple algorithm will
do this:

for1=1TO 52
find random number J between | and 52
interchange C9%(1) and CY%(J)

next 1

This algorithm interchanges each element in C(I)
with another element selected at random.

RND(I) 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 | 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%(1)and C%(J). Each time through the
loop“SHUFF LIN 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 “SH 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
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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. Typein
this subroutine and try it.

Figure 13.20 Subroutine to shuffle a deck of cards.

Z2PB EEM SHUFFLE DECK

3216 BYs="iNNNdEANNENANE N

I2zR FOR I=1 TO 32

'Z:'E’-Et IF I-IMTCIA20%2=@ THEM FRIHT"@&",
2dp PRIMT " HUF F L T M G

h.._':’:la J=IHTCSZ¥RNDCL 2410
3260 T=CHCI)CHE{II=SCHITY (CReT2=T
3270 PRINT B7g,"m";
3286 HEXTI:RETURH
RERDY.
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 [3.18. 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.

@88 REM  PLAYING CARD SETUF
3818 DIM CHoSE)
2815 I=RHDC-~TI:
3028 FOR I=1 TO S2:CRols=1:HEXT
SEZE YES"AZEGSETEITIME"
3048 SE="dgps"
2E5H RETURM
3186 REM PICK CARD AT LOCATION P
3118 5=IHT ] Py-13/120+1
3128 W=CHIP)- 3
2138 W1F=pIDEVE. W, 10
2148 S1$=MID$(5$.5,1)
31568 RETURK
READY.
Figure 13.22 Main program to display shuffled deck of
cards.
18 EEM DIZPLAY DECE
28 GOSUE 2o6@:REM  SETUFP DECE
25 PRIMT :H=
27 GOSUE Z2@s:REM  SHUFFLE DECE
28 PRIWT:PRINT

28
46
S
Sa

(=15

FOR P=1 TO 52

GOSUE =1@@:REM  GET HEXT CARD
PRIMT TARE.M>V1F:251%; ‘REM DISFLAY
M=H+c:IF MH>12 THEHM PRIMT:H=1

HEXTF

CHRED

188 END

RERDY.
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Figure 13.23 Sample run of program shown in Figure
13.22.

Dealing a Hand of Cards

The program shown in Figure 13.22 can easily be
modified to deala hand of cards. All you have todo 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 V18;S18;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 I=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.



Figure 13.24 Program to deal a hand of cards.

18
28
23
27
28
1]
48
58
(=15
78
aa
=17
158
116
128
138
148

REA

REM DEAL HAMD OF CARDS
GCOSUB Z086:REM SETUP DECK
PRIMT

GOsUE 3z86:REM
PRIMT :PRINT
INPUT"EMTER MUMBER OF PLAYERZ "HP
IMPUT"ENTER MUMBER OF CARDZ PER HAMD
P=1:PRINT

FOR I=1 TO NC

FOR J=1 TO MP

GDSUE 2188:REM DEAL MEXT CARD

PREINT Y1%,51%,5PCi2))

P=P+1

NEXTJ

PRIMT

MEATI

EMD

SHUFFLE LECK

Y.

Figure 13.25 Sample runs of program shown in Figure
13.24.
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It would be nice if you could sort each hand by suit.
This is easier to do than you may think.

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

"iHG

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
45 43 17 4D
3C 3 21 8D
JS 50 32 6H
6C 6 35 9H
9H 35 43 4S5
2C 2 50 JS

(@) (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 rwo-
dimensional array, H(1,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
array H(l,}) contains the card numbers for one player.

player no. J

1 2 3
1 2 51 26
2 3 6 24

. 3 27 38 a7 o g

4 8 \ 1 | H()
5| uw | 16 3’|
6| o E 21 on J

Thearray H(1,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 75 H(I,J)=C%(P) as shown in Figure 13.28.
Note that this statement is inside the two nested
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
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(1,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.

18 REM DEAL HAMD OF CARDS

2@ GOSUE 3@bo:REM  SETUP DECK
25 PRIMT

2v GOSUR 3208:REM SHUFFLE DECE

28 PRIMT:PRIMT

38 IMPUT"EMTER HUMBER OF PLAYERS "iHF

48 INPUT"ENWTER HUMEER OF CARDS PER HAND ",HC

43 DIM HOMC, HPD

58 P=1:PRINT

68 FOR I=1 TO HC

78 FOR J=1 TO HF

75 Hul, Ja=CH(P2

26 GOSUR 3106:REM DEAL MEXT CHRD
20 PEIMT W13$,51%,38PCC2))

188 P=P+1

118 MEXTJ

128 PRIMT

138 MEXTI

133 GOSUE 286:REM
148 EMD

READY.

DISPLAY SORTED HAMD

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 to a subroutine
that will sort each column in H(1,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(1.J). Therefore, we would like to use the subroutine
at line 3100 to find the value of the card with card
number H(1.J). We must make C%(P) contain the
value H(I.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(L.J).

Figure 13.29 Subroutine to display the sorted hands of
cards.

288 FEM  DISFLAY SORTED HAMD

283 PRINT:PRIMT "SORTIHMG":PRIWT
218 GOsUB 2008 REM  SORT COLUMHS
228 FOR I=1 TO HC

238 FOR J=1 TO NP

248 P=ac CRo@i=Ho L, I GOSUE 218

LFE H

238 PRIMT W1#:5i$,SPCC2);
268 NESTJPRIMT HESTI:RETURHN
RERDY.
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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 1I=1 TO NC—1
for K=I+1 TO NC
if H(L,J)<=H(K,J)
then do nothing
else interchange H(l,J) and H(K,J)

nextK
next|
next)

Figure 13.30 Algorithm for sorting each column of
H(l,}) in ascending order.

Figure 13.31 Subroutine to sort each column of the
array H(l,)).

2088 REM SORT EHCH COLUMH OF HOMC MF2
2818 FOR J=1 TO NP

2828 FOR I=1 TO MHC-1

2630 FOR K=I+1 TO HC

26848 IF HOI.Jx<I=HOR.J» THEM Z@c8
2858 T=HIL.J0 i HCL Tr=sHOK,, T2 tHok, Ta=T
2068 MERTE HEXTI:HEXT.J:RETURH

FRERDY

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 BS from the keyboard, and then search for
the first occurrence of the substring BS in AS. If a
match is found, the value of P should be set to the
position in AS of the first character of BS. (P=1
corresponds to the first character in AS.) If no match is
found, set P=0.
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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 BS in AS. Store the locations of all
matches in the array P(I). A value of P(I)=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 CS. The program

Exercise 13-6

should accept the string AS and the two substrings BS
and CS 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 NP 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.

PAY TO THE ORDER OF

JOHN DOE
1234 VIC DRIVE
ROCHESTER, MI 48063

DATE
12/13/83

PAY THIS AMOUNT

| #*=***1,250.41 |
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LEARNING

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 AS or C3. Youdo 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, vou must
sometimes read and write data to specific memory
locations within the computer. In order to do 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

128

POKE

3. to control the border, background, and char-
acter colors of the screen

4. touse 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. tocreate 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 or0). Thusan
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



sixteen bits in the address can be eithera | ora0, the
total number of possible addresses is 2'® = 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 vou 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 hyres. 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.

gares [ 11U | paja-oss
255
32769 | 00000101 |  pata=5
Address 32768 5
1000000000000000 32770 | 00001111

32711

32772

32773

32774

32775 ! 1

PEEK

The function PEEK(addr) 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 these statements, as shown 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.)

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
inlocation 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 10 and 20, the subroutine in line 50 is
called. Line 50 will loop on itself if PEEK(197)=64,
thatis, 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.

BALL

TO WIDTH-1:PRINT™ eo]I";:GOSUY
TO WIDTH-1:PRINT" IRiell'; :GO

(197)=64 THENW 58

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 “data™ 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.

POKE 998,75

READY .

?PEEK(998)
19

READY .
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On a VIC 20 as it comes from the factory, the 506
memory locations 7680-8185 are special locations
called the TV RAM. These 506 locations contain the
special codes corresponding to the 506 characters
(23 % 22) that are displayed on the VIC’s video screen.
(A blank is a character with its own special code.) If
vou havea 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 (25X 40) that are
displayed on the Commodore 64’ 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 willappear on the screen. To see
this, use your cursor controls to scroll the screen untila
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 7680,83
POKE 4096,83

(if you have an unmodified VIC 20)
(if you havea VIC 20 with a memory
expansion

POKE 1024,83 (if you have a Commodore 64)

You should now see the heart graphic character in the
upper left-hand corner of the screen. This 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 make certain the heart character would
appear when we POKEA its special code there. If the
upper left-hand corner had been blank to start with,
POKEing the code for a 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.



Ona VIC 20 without a memory expansion, the 506
memory locations 38400-38905 are special locations
called the COLLOR 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. Ona VIC 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 14.5a. Ona

Figure 14.5a Commodore Standard Eight-Color Codes.
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Figure 14.5b Commodore Standard Sixteen-Color
Codes.
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Commodore 64, cach 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
POKE 37888,5

(if you have an unmodified VIC 20)
(if you have a VIC 20 with a memory
expansion)

POKE 55296,5 (if you have a Commodore 64)

The color of the character in the upper left-hand
corner of the screen should now be green. If you have a
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
havea 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 POK Eing 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+B0O+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+B0O+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
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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
Commodore 64/ 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 LOGO 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)

(if you have a VIC 20 with a
memory expansion)

POKE 36869,194

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)
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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

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 (if you have an unmodified

VIC 20)

(if you have a VIC 20 with a
memory expansion)

(if you have a Commodore 64)

POKE 36869,192

POKE 53272,21

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



POKE 53272,23

Figure 14.7 POKE 53272,21 changes a Commodore 64
back to the standard character set (graphics).

character mode. The same result happens on the
VIC 20.

The Commodore 64/ VIC 20 has two other char-
acter sets that you are 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)

(if you have a VIC 20 with a
memory expansion)

(if you have a Commodore 64)

POKE 36869,193

POKE 53272,22

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 (il you have an unmodified
VIC 20)
(if you have a VIC 20 with a

memory expansion)

POKE 36869,195

POKE 53272,24 (if you have a Commodore 64)

What character set do you see 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 4.8 and can be displayed
by typing:

SHIFT =

LOGO *

SHIFT £

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.

chr${i26)
chr$(i27)
chr$(i69)
chr$(i86)

cshift pa

logo *

shift £
shift @

Figure 14.8 Four new graphic symbols are available in
the alternate character set.

The ASCII codes for these four graphic symbolsare
126,127,169, and 186. The CHRS 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 ASCII code A.

The new graphic symbols with ASCII codes 126,
127, and 169 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 16 of the program in Figure
10.27, as shown in Figure 14.10a for the VIC 20 and
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Figure 14.10a Main program for plotting economy bar
graph on the VIC 20 using new graphic symbols.

1@ REM THE ECOMHOMY
11 PRINT""
13 POKE 36863,242

15 I13$=CHR$(1267 :E=CHRF{1E3 )  GLE=CHRFCLIZV 2 [l F=" 1 W

16 I23=11% M2$F=PM1%: M3F=" Hna"
28 DATA 4.7.7.82.4.8,2.8

28 DATA &.2,7.5.8,4.5

48 DATA 2.6.4.2.3.4

..18 DHTH 13.3;5-8)5-3;".8

£5 K=

78 FOR J=1 TO 4

86 GOSUE 288 EEM  PLOT 4 BRRES
98 HEXT.T

RERDY.

Figure 14.10b Main program for plotting economy bar
graph on the Commodore 64 using new graphic
symbols.

18 FEM THE ECOHOMY
11 PRIWT""
3 POKE 53272,23

15 I1#=CHR$C1260 (ULF=CHR$( 1020 GlE=CHRE$ 127 1 M1$="g &"
16 I23=11%:U23=U1%:G23=013 M2F="m" MIF=" Hpl"

20 DATA 4.7.7.8.4.8.2.8

I8 DATA £.8,7.5.8.4.9

48 DATA 2.6.4.5,32.4

e DATR 12.3,5.8.68.2,-.8
GEJ DRTH 1&-216-2) 1.7 0=
£3 X=A

78 FOR J=1 TO 5

268 GOsUE 288 REM
98 NEAXTJ

FLOT 4 ERARE

188 GOSUE £08:REM PRIMT HERDIMWG & SCALE

158 GOTO 158
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
asshownin 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.
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Figure 14.11 Lines 650-670 have been changed so as to
remove the color character symbols.

6538 PRINT"SERMITHE ECOMOMY"

a3 PRIMT

58 PRIMT I1£;I11&:" IMFLATION"

BEE FRIMT Ui#;U1%:" UMEMPLOYREMT"
678 PRIMT G1#£,G1$;" GROWTH IH GHP"
£28 PRIMT MiF,M1%;" PERSOMAL IMCOME"

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.

inflation
unemployment
garowth in gnp
personal income
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Figure 14.13 Bar graph of economic data on the
Commodore 64 using the new graphic symbols.

Figure 14.14 Each print location on the Commodore
64 screen has a unique memory address associated with it.

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 VIC20’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

Address 1024 ql /Address 1025 x:251 x=391/ Address 1063
Address 1064 Y=0—E?
| Address
- - —— | =1024+40*Y+X
V=5 =1024+40*5+25
=1024+200+25
=1249
Y=25 — ol

Address 1984

Address 2023
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if the VIC 20 has a memory expansion. These formulas
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 fora VIC 20 with a memory expansion
1024 for a Commodore 64

and

22 fora VIC 20
il s 40 for a Commodore 64

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 forall
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 fora 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
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Figure 14.15 The PEEK/POKE codes are not the same
as the ASCII codes.

three values to be printed ona VIC 20 or five values on
a Commodore 64 on cach 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.

ig REM  FRIMT FPOKE CODES OH SCREEH
12 BRzZE=1824:WIDTH=<@

15 PRIMT"IE",

28 FOR Y=1 TO 21 STEP 2

36 FOR X=8 TO WIDTH-1 STEF =

48 GOSUE SEE: SA=BASE+MLDTHS®Y 5
GET A#:IF Az="" THEW Z&
FREIMT A%:FEEKLSHN)
HERT & HESTY

GOTO 28

580 REM MOYE TO #.Y

518 PRIMT"S"; - IF Y=B THEHM 538
528 FOR I=1 TO Y:PRIMT:HEST
538 PRIMT SPCCR2 PRETURH

[OURS E R I 3
R A Rl oy )

d

READY.



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 18
and 146, respectively. Therefore, CHRS$(18) and
CHRS$(146) can be used ina 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 line 60 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 14.19.

Figure 14.18 Program to print the reverse video
PEEK/POKE code of whichever key is pressed.

18 REM FRIWT POKE CODES OM SCREEM
12 BASE=1824 :MIOTH=4&

15 PRIMT" 23" ;

28 FOR Y=1 TO 21 STEP 2

28 FOR #“=8 TO WIDTH-1 STEP &
4@ GOSUE 5896 SA=BASE+WNIDTH#Y+5
298 GET A%:1IF AF="" THEH S@&

B8 PRIMT "@" A%, "W FEERCEAD
TA HEATH HESTY

28 GOTO 28

SEE EEM MOVE TO K.Y

918 PRIMT"®S"::IF Y=8 THEM 538
Seld FOR I=1 TO YiPREIMT:HEST
SEE PRIMT SPCOE: RETLURM

RERDY.

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).

How to POKE a Picture

In order to POKE a picture on the screen, you must
POKE each graphic symbol into the appropriate
screen locationinthe 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%(1,J) where I has values
between 0 and H-1 and J has values between 0
and W-1.

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 fora VIC 20 with a memory expansion
1024 for a Commodore 64
2
WIDTH = 22 for a VIC 20

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 POK Eingall
values of PY%(1.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. Thecodein the formerdetermines 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 =4 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 P9(1.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=35 corresponds to green.

Figure 14.20 The array P%(l,]) contains the PEEK/POKE
codes for a picture of width W and height H.

X Base Address BS=BASE+WIDTH * ¥ +X

t
4=0 J=w-1

H rows

I=H—1

|-— W columns —-|

Screen Address A=B+WIDTH* |+J

As an example of using this subroutine we will
POKE the king shown in Figure 4.23 in Chapter4. The
firststep 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%(1,]) as
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shown inlines 110-130 of the program in Figure 14.23.
The DATA statements are shown in Fig. 14.26a.
Line 140 draws this picture at location X= 10, Y=35, 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%(1,)) at location X,Y.

4068 REM POKE H » W PICTURE PECI. T
4665 BASE=1824  WIDTH=4{: CEBRSE=552596
4316 BE=BEASE+WIDTHEY +i

4@z6 FOR I=sa TO H-1

4838 FOR J=& 10 k-1

48468 H=RS+WIDTH#I+.J: POKE A.PROIL T
4858 E=R+CEASE-BRSE:POKE E.C

4868 MERT.J HESTI EETLREH

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; | ‘g2 | 22 | 82 | 82 | @2 | 480
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.

AT 7
Hll a1

led REM POKE A KIHG

1685 PRIWT"I

18y H=8: =7
118 FOR I=8 TO H-1
—l-:l TH (W=]

128 F
128 R

]
EAT

1568 EHD

RERDY.

DIM FéiH-1,W=-12

wCI, J0 i HEXRTT MERTI

4:15:?:5:GDSUE GEEE

Figure 14.24 Result of running the program in Figure
14.23.
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(a

(b)

Multiple pictures can be stored in a rhree-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%(1.J.K)asshownin
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 beforeany
picture is displayed. The result of running the program
in Figure 14.28 is shown in Figure 14.29.

K=2
I JACK
K=1

QUEEN

K=0
KING

J

Figure 14.25 The three-dimensional array P%(l,) K) can
store a different picture for each value of K.

Figure 14.26 (a) PEEK/POKE codes for the king stored
in P%(1,],0). (b) PEEK/POKE codes for the queen
stored in P%(1,],1). (c) PEEK/POKE codes for the jack
stored in P%(l,],2).

268 DATH
218 DIATH
228 DATH
226 DATH
248 DATH
258 DATH
ZE8 DATH
278 DATH
286 DATAH

RERDY.

288 DATH
Z18 DHATH
2z@ DATH
3368 DATA
348 DATH
238 DATH
3660 DHTH
378 DATH
3268 DATH

READY.

129,168,168, 166, 166, 128, 158
168, 168, 223, 32,22, 233, 18
168, 166,221, 185, 32, 1ag, 168
158:154:32 dE.JB 1&4 1&9
168, 32,32,32,32, 32, 164
1668, 122, 32,32, 1832, 223, 1a8
166, 168,232,221, 164, 1ed, 1eB
168, 185,32, 22,935, 1608, 1cd
166, 18, 168, 168, 156, 1c8., 133

I

143,166,168, 158, 158, 168, 168
166, 166,223,288, 166, 16k, 158
168, 185,221, 168,244, 1568, 1c@
168, 32,32,322,32,251, 168
166,232,322, 322,322,322, 164
166,252,32,32,322,32, 1648
168, 16UJ£4DJ2¢JJ21£;233J165
1e@, 1e@, 231,284, 1895, 166, 168
166,166, 164, 168, 166, 168, 145

486 DATAH 128,168,169, 166, 1668, 168, 156
410 DATA 188, 168, 2253, 22,223, 1e8., 1e4
4268 DATH 1hu:hk9 245,231,160, 168, 164
28 DATH Lee, 229, 32, 52, 22, 231, 1e8
446 DATH 1HH»¢¢9 ?h ' 231, 188
458 DATH 168,229, 32 221,168
468 DATH 1£6. luﬂ lbwah-9;:25,231,168
47@E DATA 168, 166, 185, 32,35, 1c6, 1
438 DATA 168, 166, 168, 168, 16, 1ca, 122
REAL'Y.

Figure 14.27 Subroutine to POKE picture K in the
array P%(l,),K).

4888 REM POKE HAW PICTURE PucIl.J.k» AT
4005 BASE=1824:MIDTH=46: CEBRSE=55226:C=35
4@18 Br=RASE+L TDTHY +5

4828 FOR I=8 TO H-1

4038 FOR J=G T k-1

4@48 A=BE+MIDTHHI+T FORE H.FPaoD 0,k
4@58 bB=A+CEASE-EAZE FOKE E,C

468 HEXTJ HMEXTI RETURH

READY.

Figure 14.28 Main program that displays a jack, queen,
and king.

188 REM POKE H JACK. BUEEM. & KIMG
185 PRIMT"ILM THIHKIHG!"

187 H=3:W=7: DIM PAcH-1.M-1.22
a2 FOR k=8 TO 2

118 FOR I=8 TO H-1

126 FOR J=8 TO MW-1

128 READ PROTJ KD HEATT HESTI (HESXTE
146 K=@:Y=5: K—E: 1ZE diaaa

158 “'?—r CELESUE d4Ee8

1ea f-14 Y= H A GOSUE 406868

158 EMD

RERDY.

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 PEEKing and POK Eing 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.

SOUND POKE LOC.

SOPRAND 36876
NOISE 36877
UOLUME 36878
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Producing a Tone

Figure 14.31 containsa program for producing a 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,

=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, Vshould be between 0 and 3, P between 130 and
250, and D between | 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.

19 REM MAKIMG S0UHDS
15 Y=4:F=15:0=G:GOSUE 566

28 IWPUT "WOICE. PITCH, AMD DURATION":Y.P,D

23 GOSUE S
Z8 P=0:D=8:G03SUB 509
40 GOTO 26

o88 REM MAKE MOTE Y=YOICE F=FITCH D=DURATIOH

283 V1=38874+V POKE V1.P
318 FOR I=1 TO DiHEXT
315 RETURM

FERDY.

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 14.32 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 110 and 120.



Make the necessary modifications to the previous
program to obtain 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.

18 REM MHAKIMG SCALES
15 Y=4:P=15:D=0:G0ZUE 389

26 IMPUT "WOICE AMD DURATIOMN":W. DU
23 RERD P:IF P<@ THEW RESTORE:GOTO 28
38 D=DU:GOSUE Sod

35 P=B:D0=0:GD3UE 566

48 GOTO 25
188 REM C MAJOR SCALE 2ND OCTAVE
118 DATA 195,281,267,269,215,213

el

T
PRl Pt

126 DATA 2235,2232.219,215,203, 267,281,155, -1
o8E REM MAKE HOTE “W=YDICE FP=FITCH DI=DLURATIOH
285 V1=3e2744+Y POKE Y1,F

218 FOR I=1 TO D:MEAT

515 RETLRH
READY.
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

Figure 14.33 Program to produce N clicks with
separation S and pitch P.

program to produce N clicks with a time separation S
at pitch P. Make the modifications necessary to create
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, Pl =

Figure 14.34 Program to make a phaser noise.

REM FPHASER HNOIZE

INPUT "ENTER MO. CYCLEZ":HNC
INPUT "EMTER STRETIWNG FITCH":F1
INPUT "ENTER EMIIMG FITCH" FZ
INFUT "EWTERE PITCH INMCREEMENWT".IDF
Wed  P=150 I=6: GOSUE SEd

W=2:I0=1

FOR J=1 TO HC

FORE P=P1 TO F2 ZTEF LF

GOZUE Saa
HE®T F
MHEXT J
P=E:G05UE
GOTO 13
B8 RENM MAEE
SET V1=2E2T4+4%POEE W1L.P
516 FOR I=1 TO D:HERT
515 RETUREH

st

FERLY.

16 RFEM FRODUCE M CLICKS WITH SPACIMG =
el IMPUT "EMTER PITCH".PI

25 IMPUT "EMTER SEPARATION CSECY":%
2@ IMPUT "EMTER NUMEBER OF CLICES":H
39 W=4:P=15:D=0:G605UE S66

48 YW=2: D=1

45 FOR J=1 TO N

56 P=PI:GOSUE 588

&8 P=b:GOSUE Sba

£5 FOR I=1 TO 736%5 HEKT I

78 MEXT J

7S GOTO 26

388 REM MAKE HWOTE Y=VYOICE P=FITCH D=DUR
265 Y1=36874+V:POKE ¥Y1,P

516 FOR I=1 TO D:HEAT

513 RETURH

READY.

HAHD FITCH F

ATION
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HOTE V=YOICE F=FITCH D=DURATIOH



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, PI, P2, and DP. In particular, try
values where P1 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.

Inlines 15-35, the user is asked to choose values for
the number of cycles NC, the starting pitch PI, 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=.3and T= 1. This sounds like
anold-fashioned ambulance siren. Try varying param-

eter values including the holding time T.

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.

18
15
2B
23

28
35
4

45
54
s
(45
B3
T8
(s,
b3t
25
S
335

0
]

SE8 REM MAKE MOTE YW=VOICE P=FITCH D=DURATIOH

285

FEM SIREM HOISE

IMPUT "EMTER MO. CYCLES"HC
IMPUT "EMTER STARTIMG PITCHY P
IMPUT "EMTER EWDIMG FITCH":PZ
IMPUT "EMTER PITCH IHMCEEMEMT":LP
IMFUT "EMTER HOLLIMG TIME":T
V=4 P=15T=0:G05UE So8

W=z D=T

FOR J=1 T0O HC

FOR P=F1 TO PZ STEF DP

GOSUE 568

HEST F

FOR P=P2 TO F1 ESTEF -LF

GOSUE 588

MEXT P

HEHXT J

F=@:GOSUE 5@

PRIMT:GOTO 19
W1=2E274+Y  FOKE WI1,P

518 FOR I=1 TO D:iMHEST
515 RETURH

RERD'Y.
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effects to that program. The original program of
Chapter 11 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.

268 EEM FIRE LEFT FHASZER
214 ”mf =

22u =Y EF -1
23 % gt

2335 186

245 hH'“t DEECFRIMTY M

243 MEHT

258 RETURH

I8a FIRE RIGHT PHAZER

: =m+2

G280 FOR Y=Y TO @ STEF -1
224 bU;U; SEECFRIMT O
335 LEEE

48 o L
245

20

REATY .

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 1100-1110 turn on voice V at pitch P. Line 1000
turns up the volume and 1010 selects voice V = 2 at
duration D= . 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.

1a8e V=4 F=15:0=@: 505Uk 1106
1816 cD=1
1828 FOR F=135 TO 288 ZTEF 2@

18368 GOZUE 1108 HMEST P
1848 P=E:50350E 11908 RETURH
11688 Wi=Z2e374+Y0 POKE Wi.P
1118 RETLURH

READY.



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

Figure 14.39 ADSR parameters of a note.
A

amplitude

t—— attack decay ~—|' sustain A|‘ release —p

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 from0 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 contains a 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

| T 115
level

time
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Figure 14.40 POKE addresses for producing sounds on
the Commodore 64.

Parameter

low byte of pitch

high byte of pitch

low byte of pulsewidth
high byte of pulsewidth

off/on and waveform
attack/decay

sustain/release
volume of all voices

Addresses Voices POKE Values
RA/RA+7/RA+ 14 8/1/2 8-255
RA+1/RA+8/RA+ 15 8/1/2 8-255
RA+2/RA+9/RA+ 14 a/1/2 @-235
RA+3/RA+18/RA+17 a/1/ 8-15

16717 triangle
RA+4/RA+11/RA+ 18 a/1/2 32/33 sawtooth
44/45 pulse
1287129 noise
RA+5/RA+12/RA+ 19 8/1/2 8-15/8-195
RA+6/RA+ 13/RA+20 a/1/2 B8-15/0-15
RA+24 8-15
(RA = 54272)

D with waveform WF+ 1, 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
to allow 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-

Figure 14.41 Program to play single notes on voice 0
of the Commodore 64.

S REM MAKIMG S0UMDE
1@
26
25
28
4@
56
(=15]
78

INFUT "EMTER WAYEFORM.
IF WF=£4 THEM IMPUT
GOSUE 4@98:REM SET SO0UND PRRAMETERS
INPUT "EMTER PITCH AMD DURATION";P.D
GOSUE S586:REM MAKE TOHE

GOTO S5&

ATTHCE.: DECRY.

cters 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.

RA=54272 'REM MUSIC FEGISTERS REFEREMCE ADDRES:
GOSUE 298 REM TURM YOIZES OFF AMD WOLUME UF

SUSTAIM, AMD RELEAZE";WF,HT.DE. U, RE

"EMTER PULZEWIDTH" W

388 REM TURM YOICEZ OFF AMD YOLLME UP

210 FOR I=8 TO 22:POKE RA+I.@:HEKT 1

328 POKE RA+24.15

228 RETUREM

488 REM SET S0UND PREAMETERZ AT=ATTACK DE=DECAY =U=2UZTAIM RE=RFELERZE
481 REM WF=WAYEFOREN W=PULSEMIDTH CFOR WF=gd OHLYD
418 IF WF<{>e4 THEM 448

428 WH=IMT WA 2550 - WL =k-236%kH

430 POKE REA+2.WL:FOKE RA+3, HH

448 POKE RA+5S, 16#RAT+DE: FOEE FER+E, 1e#s5l+RE

438 FETURM

B8 REM MAKE TOME P=PITCH D=DURATIOH

S8 PH=IWT P/ 2560  PL=F-256%FH

HzB POKE RBALFLIFPOKE REA+1.FH

S38 POKE RA+4, WF+1

S48 FOR I=1 TO D:MEKT I

558 POKE RA+4, WF

568 FOR I=1 TO 58:HEXT I:REM SUSTARIN TIME

578 RETURN

RERDY.
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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 M Instrument

18 4 15 ] @ = clarinet

14 8 ? @ 4 2 ukelele

3z é & @ g = banjo

44 8 7 a g 480 banjo

&4 1 1S @ 4  4d@8 argan

32 1 15 15 8 = orqgan

16 1 15 15 @ - argan

584 ] 9 8 B 258 quitar

&4 a 2 ] i 2869 ukelele

32 3 8 12 3 = vialin-liKe
44 7 6 15 3 Zoae synthesizer

Figure 14.43 Program for playing musical scales on the
Commodore 64,

5 REM MAKIMG SCALES
18 RR=54272EEM MUSIC

REGIZTERS

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
offand 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 D for 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.

FEFEREMCE RLDRESS

28 GOzUE Zew:EEM TURM WOICEZ OFF AMD '-.’I:ILLIP_IE F

22 IMPUT "EMTER MWAWEFORM,
38 IF WF=8d THEM IHPUT
48 GOSZUE 488 REM SET SOUMD FARAMETERS
45 D=2E0REM SET DURERATIOW THEH FLAY
S8 READ FCIF POB THEM BESTORE GOTO 25
58 GOSUE Z84: uHTH ]

186 REM C M A
118 DATH TR B EE
126 DATA & ' 17, &d3m, 5728,
B8 REM TURH TGIW CFF AMD WOLUeeE UF
218 FOR I=8 TO 23:'POKE RBR+1.6:HEST I
2326 POEE RA+Z4,15

338 RETUREH

488 REM ZET SOUHD PRAREAMETERS AT=ATTHCE

HTTHCE., DECAH

ﬁ4ﬂ.,”:

JZTHIM, AMD RELERZE";WF.AT,IE.SU.RE

"EMTER FLLSZ EHIII'IH"-H

DE=DECHY SU=ZUSTHIM RE=RELERSE

481 REM WF=MAVEFORM W=PULSEWILTH (FOR WF=54 OHLY?

418 IF WF<Hed4 THEM 448
420 WH=IHT (L2550 lL=H-258#0H
438 PORE RA+E, WL FOKE ER+Z, WH

448 POFE ER+I, 16#HTHIE POKE EA+5, 1EXSURE

456 RETUREM

SEE REFM PMAKE HOTE P=PITCH D=DUFATIOH
518 PH-LHT FAREE D PLEP-258%PH

326 POEE RA, FOEE BA+1.FH

EEE R = FHA  F L

S4B R T=1 T DCHERT I

et FHFL FH+4, WF

568 FOR I=1 TO SBIHEART I

378 RETLIREM

RERDY .
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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 separations S, 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

Figure 14.44 Program to produce N clicks with
separation S and pitch P.

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 P
to P2 in steps of DP.

To hear what this noise sounds like, execute the
program and enter from the keyboard NC= 10, P1 =
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, P1, 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.

S REM MAKE W CLICKSZ WITH SPACIMG S AMD PITCH P
18 RA=34272:REM MUSIC REGISTERS REFEREMCE ALDRESS
28 GOSUB 305:REM TURM VYOICES OFF AMD VOLUME UP

25 WF=32:AT=1:DE=15:Sl=@:RE=6:GOSUE 468
36 IMPUT "ENTER PITCH",P

35 INPUT "EMTER SEPARATION CSECH";S
48 INPUT "EMTER MUMBER OF CLICKZ":H
43 D=1

98 FOR J=1 TO M

55 GOSUE Sos

&8 FOR I=1 TO VP2E#Z HEXT 1

B2 MEKT J

A GOTO Z8

388 REM TURM WOICEZS OFF AMD WOLUME LF
218 FOR I=B TO 2Z:POKE REA+I.@:HEXT I
328 POKE REA+24.15

338 RETURMN

408 REM ZET S0UND PARAMETERZ AT=ATTACK DE=DECAY ZU=SUZTAIN EE=RELERZE

448 POKE RA+5, 16¥AT+DE:POEE REA+S. 1o#SU+RE

458 RETURN

o8B REM MAKE TOWE P=PITCH D=DURATIOH
516 PH=INTIP/256) ' FL=P-256#%FH

520 POKE RA.PL:POKE EA+1.FH

D28 POKE RA+4, WF+1

248 FOR I=1 TO D:MEKT I

558 POKE RA+4,WF

578 RETURM

FERDY.
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Figure 14.45 Program to make a phaser noise.

5 REM FPHAZER HOIZE

FA=542V2:REM MUZIC REGIZTERS REFEREWCE ALNREZZ
GOZUE 260 REEM TURM WOICES OFF AMD WOLIME LP
WF=ZZ2 :AT=1 ' TE=15:3=@:FE=@: G050E 488

IMPUT "EMTERE MO, CYCLES"!HD

THPLIT "EMTER STARTING FITCH":P1

IMPUT “EMTER EMIIMG FITCH":F2

IMFUT "EMTER FITCH IHCREMEMT".)LF

FOR J=1 TO H

D o0y ) O OO P B O S L

T ] G ] G G S e O

D=1G:FOR J=1 TO HG
FOR F=Fi TO P2 STEF IF

Ty

GOsUE SoE

78 HEXT P
75 HEAT J

88 GOTO 28

3@ REM TURM YOICES OFF AND WOLUME P
319 FOR I=@ TO 23:FOKE RA+I.8:HEWT I

226 POKE FEA+24.1%5

228 RETURM

4@@ EEM ZET SOUMD FRAEARMETEEZ HT=HTTHCE LE=LECHY SU=3SUSTAIM RE=FELEAZE
448 FOKE REA+D, 1e®ATHIE POEE ER+E, Ledsl+RE
458 FETURH

G1E PH=IMTIFP«2080  PL=F-258%FH

G928 POKE FA.FPLIFOEE ER+1.PH

TER POEE REA+G WF+1

o9E FOR I=1 TO IGHEART I

JoE POKE REA+4,WF

o7a RETLRH

rEALY .

Figure 14.46 Program to produce a siren sound.

S REM SIREM HOISE
16 RA=54272 REM MUSIC REGISTERS REFEREWCE AUDRESS
20 GOSUE Z06:REM TURM YOICES OFF AND YOLUME UP

25 WF=15:AT=1:DE=3:5U=3 RE=15:GOSUE 480

38 IMPUT “EMTER HO. CYCLES";HC

35 IMPUT "EWTER STARTIMG PITCH";F1

49 IHPUT "EWTER EMDIMG PITCH";PZ

45 IMPUT "EMTER PITCH IMCREMEMT";DF

IMPUT "EMTER HOLDIMG TIME":D

FOR J=1 TO HC

FOR F=P1 TO P2 STEF DP

GOSUE 568

HEAT F

FOR P=PZ TO F1 STEP -DP

GOSUE 563

HEXT F

HEAT J

GOSUE 3@@:GOTO 39

L0 00 D0 D) AD R0 Q0 OO~ ] Oy @ 20
O P o 3 O S O O S O O &

B OREM TURM YOICES OFF AMD YOLURME LIF
A FOR I=8 TO 2ZZ:POKE RA+I, G HEAT I
B POKE FA+zd,15
g RETURH
488 REM SET S0UMD FARAMETERS AT=ATTRCE DE=DECAY SU=SUZTHIM RE=RELEHZE
446 POKE RA+S, 16#AT+LE: FOKE REA+G, 1e#slHEE
438 RETUREH
SEE REM MAKE TOME P=RITCH D=DUREAT IO
318 PH=IMTOP 25261 PL=F-23c#FH
o2 POKE FA, FL:POKE ERA+1.PH

]
528 POKE RA+4, WF+1
S48 FOR I=1 TO IGHEAST 1
258 POKE RA+4, WF
7B RETLEM

READY.
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Run this program for the following values: NC=4,
P1 = 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 11 (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.

286 REM FIRE LEFT FHASER
218 U=k-2

228 FOR Y=Y TO B STEP -1
238 GOSUER ZEE:PRINT"@"
235 GOsSUE laesd

248 GOSUE SO0 PRIMT" M
243 HEXT

258 RETURH

288 REM FIRE RIGHT FPHAZER
216 U=k+2

228 FOR Y=Y TO @ STEF -1
338 GOSUE SEE PRIMT"C"
335 GOSUE 1566

248 GOSUB 388 PRINMT"
343 MEKT

258 RETURM

RERDY.

Figure 14.48 Sound producing subroutines for the
plane with phasers.

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=1, P1=6000, P2=5000, and DP=—500. To call this
subroutine, you should modify line 10 of the old main
program to read: 10 PRINT “CLR™ X=10: Y=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 the 8§ 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 |; therefore its definition starts at
location 32768+ 8* [ onthe VIC 20 and 53248+ 8* [ on
the Commodore 64 (remember, each definition takes

560 PA=354272:FOR I=9 TO 23:POKE REA+I.@:MERT I:POKE RA+24,15

910 WF=32:AT=1:LE=15:5lJ=8 ' REE=H

528 POKE RA+S, 16#AT+DE:FORE EA+E, 16#5L+REE

5360 D=1:Pl=600@:FZ=0000 IP=-596: REETURH
1688 FOR P=F1 TO P2 STEP IF

1818 PH=INT (P 2560 PL=F-235%FH

1928 POKE RA,FL:POKE RA+1.FH

18328 POEE RA+4, WF+1

1848 FOR I=1 TO D:HEART I

16858 POKE RA+4, WF

1868 MEXT F

1678 RETURH

READY.
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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=0TO 7

30 7 PEEK(32768+8*1+1)

40 NEXT J

10 REM COMMODORE 64 PROGRAM
20 POKE 56334, PEEK(56334) AND 254
30 POKE 1.PEEK(l) AND 251

40 FOR J=0TO 7

50 ? PEEK(53248+8*1+J)

60 NEXT J

70 POKE 1,PEEK(I) 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 /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.

EK(56334) aND 2
ANRD 251 =

32484+8%i+])

) OR 4 '
EKCS5334) BR |

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 8 X 8 grid hasa 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.

128

16+ 8 =24
32+16+8+4=060

64 +32+4+2=102
64+32+16+8+4+2=126
64+32+4+2=102

64 +32+4+2=102
64+32+4+2=102

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 7168 is a
convenient place to store 512 bytes of character
information, i.e. 64 characters. On the Commodore
64, memory location 12288 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 starting at location
7168. 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 12288.

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 I=0 TO 64*8—1
140 POKE 7168+1,PEEK(32768+1)
150 NEXT I

The same loop will work on the Commodore 64
with line 140 changed to read: 140 POKE
12288+, PEEK(53248+1).

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

Figure 14.51 New graphic symbols to replace the digits.

definitions of these characters can easily be derived
from Figure 14.51 by the method described earlier for
the letter A. Note thatinall 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 110 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-S. 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 14.52 VIC 20 program to display new graphic

characters in place of digits.

18 REM DISPLAY CUSTOM CHRARACTERS

28 FREIMT "TBWAIT":GOEUE 16 REM SETUP CUSTOM CHARACTERSD
38 FOR I=42 TO 57 PRIMT CHEEOIZ CHEST I

43 EMD

18E REM SET-UF CUSTOM GEAPHICE CHARACTERS

118 FOKE °FP'”.¢53 FEM TAEE CHARACTER IHFO FEOM RAM

128 REM COPY CHARACTERS FROM REOM IHMTO EAM

136 FOR I=8 T0 cd#z-1

148 POKE 718241, PEEKIZ2PEE-1D

158 MERT I

168 REM REFLACE DIGITS BY CUSTOM CHREACTERZ

TE FOR I=45%3 TO Sk
S8 READ D:POEE Vieg+I.1
B HEST 1
5
5

RETILIEH

DATA B.8.8,. 8,8,8,8,08

218 DATH HMaralm;lﬂ-JZ.Eﬁlea,@
215 DATH 1e.32,4,254.,4, 2. luJU

228 DATA 122,684,322, 12, 18,5, 28,68
Z23 DATA 1&. 1F 1e, 14F;H4 oEs 1E. B
228 DATA 2.4.8, 144, 180, 122, 248,18
225 DATA 16,32, 64, L;4-r4-ga-1Fsﬁ
248 DATH 248, 19321668, 144, 8,4, 2,8
245 DATH 1PJJF ad, 144,16, 165, 1r.ﬂ
258 DATH 254,254,254, 254,254, 254, 2504, 8

RERD'Y.

Figure 14.53 Commodore 64 program to display new
graphic characters in place of digits.

16 REM DISPLAY CUSTOM CHARACTERS

28 PRIMT "JBMAIT" :GOSUE 18@8:EEM ZETUFP CUSTOMN CHRREACTERS
28 FOR I=42 TO SV PRIMT CHEFCIX CHEST I

46 EMD

186 REM SET-UF CUSTOM GRAPHICS CHARACTERS

118 POKE 53227v2.28 REM TRAKE CHARACTER IMFO FEOM RAM

114 POKE 56334, PEEKCSE334) AMD 254 :REM IGHOR KEYBORRD IMTERRUFTS

117 POKE 1,PEEEC1} AMD 2531 :REM SWITCH IM CHARRCTEE ROM

126 REM COPY CHARRACTERS FREOM ROM IMTO RAM

138 FOR I=@ TO &4%3-1

148 FOKE 12228+1, PEEK(SZ248+10

158 HEAT 1

154 POKE 1.PEEEC1Y OF <4:REM SMITCH OUT CHARACTER ROM

157 POKE 52234, PEERCZEZ34) O 1:REM EMABEL KEYEOURRED IMTERRUPTE
168 EEM REPLACE TIGIT e CLUETOM CHARACTERS

178 FOR I=48%2 TO S2%0-1

128 RERD D:POEE 1229E+1,0

12 MESET I

20 BETURH

2RSS DATA @, 8, 8,8, 8,8,8,.4

218 DATH 28,8, 149, 1.. g2, 1R E
213 DATH 16.8.4,254.4,8, 16,6

=2 DATH 128,684,220 18, 16,8

225 IATA 18, 1e, 16, 148, 84, ‘-s

228 DARTH 2.4.8, 144, erJ14 Mh
235 DATH 16,32, 54,254, 6 X
248 DATH 248, 132, 15%:144;u:4 h;U
245 DATH 15,595,284, 144, 1e, ]u'lP-U
258 DATH 254,254, 254, 254,254, 254, 254, 8
FERDY.
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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

YELLOW FORESAIL (SPRITE 1)

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
sailboatisshowndrawn insucha 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 | 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

r LIGHT RED MAINSAIL (SPRITE 2)

Commodore 64,

|4}
g
1
il
3
3
7
7

255
255
255

[~T -~ -~ T~ T -~ T~ T~ I~ -~ ]

255
255

127

%} a

127 255
255

63
31 f 255

8 / [

L WHITE HULL (SPRITE 0)
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Figure 14.55 Design of a sprite sailboat for the



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 memory
picture elements that are “on” (colored). This is location data
exactly the same method that is used to Fieﬁncthe rows U X pesition - Sprite @
of screen characters, as was discussed in the previous U+ 1 Y position - LI
section. U2 X position - Sprite 1

The sprite data for our sailboat is shown in Figure Y9 Y position = % -
14.56. In Figure 14.55, we show the sprite data we 3:; ?: ggzil::g; - Spr-i ad 2
would use to create the enlix:e sailboat with one sprite. Ut X position - Sprite 3
To create a multicolored sailboat, we divide the sprite U+7 Y position - o
data into three parts and replace by 0 all values shown b“a ¢ P“?:?"“ - Sprite 4
¥ : 7 : +9 position - 9 ¥
in Flgure- 14.55 that are out51ldc? of the particular part U+ 18 X position - Sprite 5
of the sailboat we are describing. For example, the V11 Y position - LI
data for the hull begins with 51 consecutive 0’s to blank U+ 12 X position - Sprite &
the first 17 rows of Sprite 0 (where the sails will be). i 1‘3 ; position = " %

= + -

The memory locations that create and control nr { pastcion Spr:te f

3 e 5 U+ 15 Y position -
sprites start Wl.l‘.h V=53248. Figure 14:57 shows these Ut 14 MSB X position - Sprites B-7
memory locations and the data that is POKEd into 21 Enable/disable - Sprites @-7
each location. Location V+21 turns the sprites on and :J+<23 Vertical expansion - Sprites 8-7
off. This is done in the usual fashion using the weights i Hopizonth] RiERRslon ~ SpciLes B=7

g = U+39 Color - Sprite 8
L: 2, 4, 8, 16, 32, 64, and 128 for sprites 0-7 U+48 Color - Sprite 1
respectively. For example, to turn on sprites 0, 3, and V+41 Color - Sprite 2
7, we POKE 1+8+128 = 137 into location V+21. E"‘:‘E EO‘it‘f‘ - gpl‘ize i
e : +43 olor - Sprite

I‘_ocauons Vio V+ 16_det'ermm.e the. positions of the U+44 Color - Sprite S
sprites on the.screer‘i as md‘lcated in Figure 14.57. The U+45 Color - Sprite &
entire screen is a grid that is 40*8 X 25*8 = 320 X 200 U+44 Color - Sprite 7
picture elements in size. To position a sprite on the

(Y = 353248

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 14.56 Data for a sprite sailboat on the
Commodore 64.

Figure 14.57 Memory locations for creating and
controlling sprites.

8@ REM  BOAT HLILL

385 DATH B,0,8,0,8,8,8, 0,8, 68, 0,1

216 DATH @A, @, 68,8, |.1 BB, E R, B 0,80,8,8,8,8,
315 DATA B0, 8,8, 6,6, 5, 6,8, 127, 255, 254, &

328 EEM FURE:HIL

325 DATH A.@B.,8,8,8,8,1,6.8,1.6
328 DATA 7.8,4,15.,8,8,15,8,8.3 LB
35 DATA 127.8.68,127.,68.8,8,8,8, l-'1 5]
48 REM MAIMZAIL

45 TATA B8, 68.60,122.8.0,132.0,4, 224,85
5 e
)

I'I
—_ =

ot
SE DATH B, 254, 8,8, 255, 8,8, -._..l._’lluiu'B"'

53 DATA B, 255,252,898, J““"-’*‘.-Jr BB, 0,

RERDY.

As@,B. B8, 8,8,
|-I I-l

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. Forexample,
to position sprite 4 exactly 280 units from the left
edge, use

POKE V+16,PEEK(V+16) OR 16:POKE V+38,24

The first POKE sets the most significant bit (MSB) of
Sprite 4 to 1 and the second POKEs the remaining
distance 280 — 256 = 24 into the X position of Sprite 4.

Locations V+23 and V429, respectively, allow the
size of a sprite to be doubled in the vertical and
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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 53281. The result is to
make the entire screen light blue in color like an ocean
oralake. 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.

Figure 14.58 Main program for a multicolored sailboat
using sprites.

18 REM SFRITE SAILEOAT

15 W=5z248

28 PRINT """ :POKE 53281, 14 REM PH!IuEuUHu COLOFR
23 FOR I=8 T0O FOKE 2048+, 12+1:H 'R

28 FOR I=9 TO READ D:POKE =
35 FOR I=8 TO RERAD D:POKE
4@ FOR I=8 TO RERD D:POE
45 POKE W4+3%, 1 POKE 46, i
a8 POKE WY+21, 7 REEM TURH OH =
35 POKE W+16,8:REM TURH OFF Mz
mE REM SHIFP AHOY!

65 FOR J=258 TO 25 STEP -1

E+1,D:HERT I:
G+I1,0:HEXT 1R
Whdl s 18 REM 2
TES @-2

LIhHI I:Ll IE

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 £ (CHRS$(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 X1, 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 P1, 1.1, P2, L2, P3, L3, ...

where Pl and L1 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.

E FORE SPRITES @-2
RITE B
REITE 1
P SPRITE 2

" EFRITE COLORS

V@ FOR I=@ TO z:FOKE W+2#I1, .3 POKE W+1+4241, 1808 HEST 1

75 FOR I=1 TO 186:HEAT I

30 MEXT J

85 POKE Y+21,8:REM TURH OFF SPRITES
9|

B POKE 32221,6:REM EESTORE MORMAL BACKGROUMD COLOR

166 EMD

RERDY.
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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 funto run, itis 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 vou develop a program systematically. We will
follow these six steps in developing hangman.

STEP I: 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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(a)

(b)

Poor programming, like poor writing is usually a
sign of poor and confused thinking. If youdo 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, you
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
aspace 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
22in the case of the VIC 20 or 25X 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.

HANGMAN
THE WORD IS
T E L EP HON E
XXXXXXXXX
GUESS A LETTER X grr///
NO X _5_ 7
NO X 4
Nox N
NO X 2%
NO X YOU ARE HANGED!
NO X PLAY AGAIN? m
HANGMAN
THE WORD IS
T EQLEPHGNE

X X X X X X X X X

GUESS A LETTER X
NO X BN

o
NO X /;” W
NO X
NO X
NO X YOU ARE HANGED!
NO X PLAY AGAIN? B
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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,
then the phrase NO X (where X is the letter guessed)
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 uniil Waord 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"’



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 158 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 the appropriate looping structure fora
particular problem (think do until, repeat while, or
Jfor...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 vou
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 | if any
match occurs and set R to 0 if GS 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
untilloop 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 write some 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
e [1 if G$ is in W$
0 if G$ is not in W$

Figure 15.4 More detailed version of do until loop
used in Hangman program.

NL=0
NH=0
do until NL=L or NH=6
Guess a letter G$
for1=1to L
if GS=MID$(WS,1,1)
then print G$ plus space

NL=NL+1
R=1
else move cursor 2 spaces
next |
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. Todo this, use subroutine calls for anything that
takes a lot of coding and 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 WS 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 GS. Line 110 moves the
cursor to the first letter position in the word and sets
the flag R to 0. Lines 120-135 implement the for...next
loop givenin 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.

Figure 15.5 Main programs for Hangman: (a) VIC 20
and (b) Commodore 64.

16 REM HAMGMAN

28 PRINT"I"; SPCCT 25 BHANGHAN
39 GOSUE £09:GOSUE 1668

58 L=LENCWS ) Y=5:3=10-L: GOSUB 5
€8 FOR I=1 TO L:PRINT"™ " :HEAT
50 HL=E ' HH=G: 53=""

58 IF HL=L OR HH=6 THEM 1&@

188 W=7 %=15GOSUE 509:G05UE 400
118 ¥=4:%=10-L GOSUE S60:R=0

128 FOR I=1 T0O LiIF GE=MID$CHF. 1,10
136 PRINT"WBI";

135 MEXTI

148 IF R=1 THEH 5@

156 NH=HH+1:GOSUE 200 60T0 96

166 W=20: X=6GOZUE_ 509

178
130
156
200
210

(58]

FRIMT"YOU ARE SAVEL":GOSUE 7O@
Y=ga ¥=56:G05UE 53898 PRINT"FLAY
IF G3="%" THEH 20

EMD

AGHIN?

REARDY.

14
prl’
=8
bt}
=15]
=15]
el
186
118
128
126
135
146
158
166
17@
186
156
268
218

REM  HAMGHAH
PRIMT "M GPCC150 ;" @HANGHAR®
GOSUE 600 GOSUE 1005
L=LEMCH$)  ¥=5: n=16-L: G0SUE S4G
FOR I=1 TO L:PRINT"™ "; :HEXT
HL=@ : MH=5: G

IF ML=L DR MH=& THEM 158

W=7 4=15:GOSUE 508 GOSUE 460
w=d i x=10~LGOSUE S08:R=a

FOR I=1 TO L:IF G$=MIDF{WF.1,1)
PRINT "Ml ;

NEXTI

IF R=1 THEH 9@

NH=HH+1: GOSUE 588:G0TO 20
W=2@: ¥=12: GOSUE SO0

PRIMT"YOU ARE SAVED":GOSUE 7EB

IF G="y"
EMD

THEH 2@

FERL'Y.
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THEM PRIMT GF: "W HL=HL+1:R=1:G0OTO

IF MH=& THEM FRIMT"YOU ARE HAMGED!":GOSUE Z9&:GoTo

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 nor 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 GS
froma 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.

125

199

"3 GOsSUE zBa8

THEM FRINT G "#"; HL=HL+1:RE=1:G0T0 135

IF MH=& THEM FRINT"Y0U ARE HAMGED!":GOSUE 238896070 128

Y=22: k=12 GOSUE 388:FRIMT"FLAY AGRIM? " GOSUE 266



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 5.7 and should be
added so that the main program can move the cursor
to the proper location on the screen.

Forsubroutine 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=T7: 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 WS=“HANGMAN"
1020 RETURN

Figure 15.7 Subroutine to “Move to X,Y".

588 REM MOWE TO #.Y OM ZCREEH
518 PREIMT"S"; 'IF Y=8 THEM 5z4
228 FOR I=1 TD Y:PRIMT:HEST
538 PRIMT THECW); ‘RETURH

RERDY.

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
GS 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.

2@ REM  GET GF FROM BLIMEIHG CURZ
218 FRIMT" S |y FOR I=1 Ak
2l GET 3§ IF GFC"" THEM

FRIMT" 01", (FOR I=1 TO @@ HeEsT G
PRIMT GE; "W" 0 EETUER

FREADY.

Subroutine 400 is supposed to guess a letter, GS. At
first this looks just the same as subroutine 800.
However, you do not want to allow letters that have
already been guessed. (Otherwise, vou could hang
yoursell 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
GS. We will figure out how to do this later. For now
just type the following statements to get a letter GS by
calling subroutine 800:

400 REM GUESS A LETTER
410 GOSUB 800: REM GET A LETTER GS$
420 RETURN

For subroutine 900 type:
900 REM WRONG GUESS

920 PRINT “NO ”; GS
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
anew 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.

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 [5.1.

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
addingeach new letter to the string SS. (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 GS, 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
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Figure 15.10 Initial display subroutine that draws
gallows. (a) VIC 20 and (b) Commodore 64.

@88 REM IWITIAL DISPLAY

il A=8:Y=7:G0SUR 588

£2B PRIMT"GUESS A LETTER"

638 H=13:Y=2:G05UE 566

BdE FRIMT" s PRlnmEs T 1"

558 FOR I=1 TO 7 PRIMT"EEI L HEST
BER PRIMT".--PHREI "

&£78 RETURH

RERDY

e@a REM  IMITIAL DISPLAY
ElE ==8:Y=7 G0SUE SBO

620 PRIMT"GUESS A LETTERE"

£330 H=30:Y=2:G0SUR S00

648 PRIMT! < slNEmEl T 1"
&58 FOR I=1 TO 7:PRIMT"X@@l L HEST
E68 PRINT" . ~FHARl "

&7 RETURH

REATD'Y.

Figure 15.11 The subroutine to guess a letter.

468 REM GUESS A LETTER

419 GOSUE 296:REM GET A LETTER G¥
4200 FOR J=1 TO LEM(S$)

430 IF GS=MIDFCS#,J,10 THEH 41@
435 HERTJ

440 SE=EE+GEE 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 MIDS$ 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 todo
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 | and NW. Line 1040 moves the “pointer™ to
the beginning of the DATA statement. Line 1050 reads



the first X words. Therefore, word X willend up in WS, To make this game really interesting, vou will need

Note that with this subroutine the same word can alarge dictionary of possible words so that you can use
occur more than once. If you want to avoid this, you different words each time you play. One way to do this
will have to keep track of the values of X that have isto store a large number of words on the cassette tape
been used and not use the same ones more than once or floppy disk and then read in a random group of
(see Exercise 15-1). Of course, you will then only be words each time the game is plaved.

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.

Figure 15.12 The “wrong guess” subroutine prints NO
“letter” and adds a part to the body: (a) VIC 20 and
(b) Commodore 64.

(@) 588 REM MWROMG GUESE
218 H=1:Y=7V:FOR J=1 TO HH:'Y='Y+2:HEST GHOsUE 500
228 PRIMT"MO “,G%
928 w=1d:iY=11:G0ZUE 506
243 O MH GOTO 2ed, 355,278, 575, 9868, 285
6@ PRIMT" ~ Xl " :RETURH
265 PRIMT" AT AHEE 1 " FETURM
278 PRIMT"FMEL-SEN " :RETURN
275 PRINT"Aewbb2Ri " - EETUREM
588 PRINT" Helsk.-FHl " RETURHN
985 PRINT" MElEkM-20 " - RETURH

READY.

(b) 9EE REM WROMG GUESS
918 W=1:Y=s7 FOR J=1 TO HH:Y=Y+2 HEST GOSUB SR8
928 PRINT"HO ",;G#
SEE k=31:Y=11:GOSUE 5o
24@ OM MH GOTO 260,985,378, 375, 380, 985
SEE PRIMT" -~ 0NE " RETURM
255 PRINT" BT AHE | " RETURH
S70 PRIMT"¥EL-#Hl " RETURHM
375 PRINT"XemBr-2Hi " RETLRH
288 FRIMT"GEbEL-2800 " RETURM
85 PRIMT" Meldehi-2Mi 1" RETURH

f

RERDY.

Figure 15.13 This subroutine prints the correct word
above the spaces.

286 REM PRINT CORFRECT WORID

316 PRINT"#MTHE WORD IS"

220 Y=3:k=10-L'GOSUE 566

328 FOR I=1 TO L:PRIMT MIDFCWE. I, 12" "iiHEAT
248 RETURM

RERDY.

Figure 15.14 This subroutine blinks the word.

788 EEM ELIMK WORD
7l@ FOR J=1 TO 1@
Vel =4 E=18-L GOSUE D6

738 FOR I=1 TO L:PRIWNT MIDF<MF, I, 10:" " NEKT
v48 A=18-L:G0SUE 508
voB FOR I=1 TO L:PRIMT"&";MIDFCMWE, T 105" "5 THEXT

7eB MEXTJ:RETURH
FERDY.
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Figure 15.15 Subroutine that finds one of ten words at
random.

1@@Es REM  FIMD A WORD

1618 S=RHDC-TI3

1828 Hl=18

1828 HB=THTORMDC L 2#HM+1 2

148 RESTORE

1858 FOR I=1 T0 @:REEAD & HEST
1@ed EETURM

11aE DATA HYFOTEMUSE, MURESE ., FAMOUS  EMPIRE  ELK, DIGHITY

111@ DATH COMDITION, BRIBE, FAPER. GUATL

READY.

Figure 15.16 Sample runs of Hangman program.

HANGHAN

SuESS A LETTER R

¥0U ARE SAVED
PLAY AGAIN? W

HORD IS

g TETTER L

YOU ARE HANGED!
PLAY AGAIN? B

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
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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 | and 255,
string is a filename of your choice, and N iseither | 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 15.17 shows
the meaning of the three numbers in the OPEN
statement.

Figure 15.17 Meanings of the numbers in the OPEN
statement,

1 = tape cassette
8 = disk drive

OPEN K,N,1,“string” OPEN K,N,0,“string”

P\ L

PRINT#K write INPUT#K read



The second number in the OPEN statement refers
toa particular physical device. A | 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

Device Number

keyboard 0
cassette tape unit 1
RS232 serial device 2
screen 3
printer 4or5
disk drive 8or9
serial device 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
0 (default)
1

Meaning

OPEN for read

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#H 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 Commodore 64 will blank the
screen. Then, it reads the tape until it finds the
filename “srring” 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 INPUTH#
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”

OPEN K,N,0,"string”’

write data read data

to device from device

with PRINT#K with INPUT#K
CLOSE K CLOSE K

The PRINT# Statement

After the statement OPEN K,N,1"string” is executed
your program can write string data to the tape or
diskette with the statement PRINTH#K,W$. When
writing this statement the question mark (?) cannot be
used as an abbreviation for PRINT. The statement
PRINTH#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 (1=tape or 8=disk) and a filename from the
keyboard. Line 30 OPENSs 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
WS§. 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 OH TAFE

28 IMPUT "DEVICE#,FILEMAME"M.F%

28 OFEM 1.HM,1.F%

48 PRINMT "EMTER WORDEZ; TYPE £ TO STOP"
o8 IMPUT W

2@ IF WE="f£" THEHW 26

A PRIMT#1. b#

2@ GOTO SA

CLOZE 1

B EHD

e 1)
(SR

el

‘ERDY.

Line 70 writes the word stored in WS 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
ordiskette with the statement INPUTHK,WS. You can
read numerical data from a cassette tape by using a
numerical variable name in the INPUT# statement.
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#, FILENAME? 1,DATA
RECORD & PLAY ON TaPE

_l{:ﬁlRDS; TYPE £ T0 STOP

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 WS.

Figure 15.21 Program to read data that was stored
using the program in Figure 15.19.

18 REM READ DATH

28 IHPUT "DEVICE#, FILEMAME" i H.F#
8 OPEM L.H.@.F%

48 ITHPUTHL . WE

S@ FPRIMT WE

8 IF ST<Ha4 THEW 43

78 CLDSE. 1

28 EHD

FEHDY.

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.



RUN
DEVICEH, FILENANE? 1,DATA

§ESS PLAY ON TAPE
DUSE

AR

OMPUTER

oAt

EXCELLENT

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
WS(I). In order to store a different set of words each
time, a random number of words, R, will be skipped
foreach word that is actually stored in the array WS(1),
as shown in Figure 15.23.

words stored on

data lape
/ HOUSE
INPUT #1, WS \ CAR INPUT #1, WS(1)
and throw
away COMPUTER
Skip R words
BOAT
EXCELLENT  INPUT#1, WS(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 INPUTH1,WS(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 | 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 | and
2¥(NT/N-1).

To incorporate these ideas into the hangman
program add the lines 12 INPUT “ENTER STOR-
AGE DEVICE# & WORD FILENAME™; N1,FIS
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 numberis I, 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 WS$(I) (line 1080). After each word is stored in
thearray W§(1), 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$(1). 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 1100.

Once N words have been read into the array WS(1),
thenup 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 1100, where a random
number I between | and N is computed. The new word
W$§ to be used in hangman is the word stored in WS(I).
Line 1110, after assigning WS$(1) to WS, 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 1120. 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.

ioBE REM  FIMD A WORD

1618 IF M<X8 THEM 1186

1626 HT=c@:H=16:W=2% HT H-12
1825 IF M1=2 THEHM 1858

1928 PRIMT"SIMLOAD DATH TAPE RHD REWIHD®

1833 PRIMT"FRESS AMY EEY TO COWTIHUE"
la4a GET G#F:IF GF="" THEMW 16406

18568 OPEM 1.M1.8.F1%

1655 FOR I=1 TO H

1660 R=IHT CW#RHDC Lo +17
1BES FOR J=1 TO R
1678 IMPUTHL, W$: IF ST=64 THEM H=I-1:GOTO 1696

1875 MEXTJ

LazE TMFUTHL, MECIN IF ST=54 THEM H=I1:GOTO 1876

1835 HESTI

185 PRIMT"AE"; FOR I=1 TO S PRIMT"
1655 CLOSE 1|

11@8 I=IMTOHERMDOL 2 +1 2

1118 WE=sWFCL o WFECTa=LFCH

1128 M=H-1:EETUEH

REARDY .

Figure 15.25 Sample run of Hangman program using
words stored on a cassette data tape.

UESS A LETTER

GUESS .A LETTER D
HO A
NO E
NO L
HO ¥
HO S

YOU ARE SAVED
PLAY ABAIN? N
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"HERT

C64/VIC ORGAN

As another example of developinga 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,
whicheveris 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)<>64 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



statement 1525 is executed, you may have released the
key, in which case KI=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.

1588 REM
1518 POKE 2887VE.P
1528 K1=PEEKL137)

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
340 contain 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.

FRODUCE TOME WHILE KEY 15 PRESSED

1538 IF PEEKC197V)=K1 AHD FEEKC127 304 THEM 15328

1548 POKE 26876, 8 RETURH
1668 FEM IMITIALIZE SOUMD
1a18 POKE 36878, 13

1628 RETURH

RERLY,

1588 REM
1518 PH=IMT(FA256 0 (PL=F-256%PH
1526 POKE RA,PL:POKE EA+1.PH
1528 POKE RA+4,WF+1

1548 K1=PEEE 197

FRODUCE TOME WHILE KEY IS PREESSED

1326 IF FEEK{1537»=K1 AND FEEK (1272264 THEM 13556

1568 POKE EA+4, WF:RETURH

1688 REM IMITIALIZE S0UHD

1685 RA=54272

1618 FOR I=8 TO 23:FOKE RA+I1.8:HERT 1
16268 POKE REA+24, 15

1638 WF=1a'AT=1'DE=153:3U=13:RE=@:

1648 POKE RA+D, 16%ATHIE: FOKE RA+S, la#si+RE

1628 RETURH
READY.
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(a)

(b)

(a

(b

Figure 15.27 Pitch values for a three octave scale on
(a) the VIC 20 and (b) the Commodore 64.

288 REM FITCH THELE

1u.l.! 14: 2 13 "' 1’5:’;1

143,151, 157,173, 12

1.'}-:!.’%‘?1).‘.*‘.“ }n_'l‘j;:i 2
.5

518 DATH
311 DATAH
Z28 DATA
321 DATH

AZA DATHA T.238

2460 DATH :

RERLDY.

ZEB FEEM FITCH THELE

218 DATH 2145, 2482, 2783 4050, 4291 , 4217, 2487
211 DATA 2273.2551. =r-4_' 5183

328 DATH 4231.42817,54¢ 7217 HIBLFSFJB SeZd, 18214
321 DATA 4.;4?;“-1n.m-’-f SGad, 1e2a7

228 DATA 5583, 3534, e 16283, 17167, 19263, 21625
248 DATH 2854, 18267, 12135, 15e25, L\.u,:M lalas, 2edlh

RERDY.

Both organs will start outin 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.

VIC ORGAN
OCTAVE 1

KEYS 1-3 SET OCTAVE

the same note as pressing key K when in the octave-]
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
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

loop:

C64 ORGAN

OCTAVE1
cCilD| ey F B|lC D] E
A DE |G| B 1D K]L

KEYS 1-3 SET OCTAVE
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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 untilloop is used to find the index | 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 s
pressed, no match will occur in the do untilloop and L



Figure 15.30 Major variables used in the two organ
programs.

K$(18)

—an array containing the PET characters:
A,S5,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$(1)

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$(1), 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
do until A$=K$(l) or I=18

I=1+1

willequal 12 in the case of the VIC 20 and 18 in the case
of the Commodore 64. (Note that this is why K$(1)
must be dimensioned as shown.) In this case I is
changed to VAL(AS) (which will be 1, 2, or 3 fora 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) kevboard 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(I-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*I—-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,
theyare a good guide to use when you get stuck and do
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Figure 15.32 Main programs for (a) the VIC 20 and
(b) the Commodore 64 organs.

g REM  VIC ORGAH

28 GOSUE 1688 REM IHITIALIZE ZO0UMD
S8 DIM K$0130, P03, 12

48 DATA AL5,0.F,G.H. J WL E T, %Y.l
368 FOR I=1 TO 12:FEAD EF{IHEXT

68 FOR I=1 TO Z:FOR J=1 TO 12:READ PCL,J0HEXT JiHEXT I

Ve 0=1

86 GOSUE éB8:REM DISFLAY KEYEDARD
28 GET AF:IF AF="" THEH 26

laa I=1

118 IF A¥=K#0I) OF I=13 THEW iZ@
128 I=I+1:GOTO 116

128 IF I<13 THEM 288

148 I=VYALCA$) 1 IF I<1 OR 153 THEM 2@
145 O=] PRIMT" " SPCo1a0; 1

L3E GOTO 298

288 P=PC0, I3 GDESUE 14680:G0TO 29

READY.

18 REM Ced DRGAM
26 GOSUER 1688 :EEM IMITIALIZE SOUMD
36 DIM KFC18I.PL3, 172

48 DATA RS, 0.F. GoH, JokL L " b E T U 0L F

S8 FOR I=1 TO 1V:RERD K#CI3:HERT

69 FOR I=1 TO 2:FOR J=1 TO 17:READ PCI,J0 HERT JiMERT I

a 0=1

2@ GOSUE S88:REM  DISFLAY KEYEBOARRD
96 GET AF:IF AE="" THEH 2%

1@ I=1

118 IF Af=K#(I1> OR I=12 THEHM 1Z@
ize I=I+1:0G0OT0O 11@

1=28 IF I<12 THEM 266

148 I=VALCAE»  IF I<1 OR I3 THEMW 38
145 O=1: FRIMNT"&#MN" SFCia2liil

158 GOTOD 6

208 P=PC0L I GOSUE 14868 :G0TO0 268

FERDY.

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 the exercises, you will have a
good understanding of how to write BASIC programs
ona 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 thisarea? 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!
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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



@)

(b)

Figure 15.33 Subroutine to display the keyboard for
the (a) VIC and (b) C64 organs.

c@d REM  DISPLAY KEYBORRED

ele U2e="TITITTITITII"

15 POKE 36875, 11:PRIMT "a"

2@ PRIMT"D" TABCY 35 " @vIC DRGAN"
£38 PRIMT:PRIMT TREC?2:"OCTAYE 1"
635 PRINT

648 FOR J=1 TO 12

645 FOR I=1 TO 7

638 PRIMT"@ ") 'HEXTI:PRIMT :HEXTJ
553 BE="pINdNNNNANARERERRN"

ced SiE="au BRRC O "

6635 S2F="M Bl WmBEI WM oW

&vd PRIMT"® ";U2%;51%; BF;

&80 FOR I=1 TO S:PRINT S&%;B%; HEXT

€98 GOSUE 706 REM DISFLAY LETTERIHG
£35 RETURH

READY.

&80 REM DISPLAY EEYEOARRD

S?S Eg;u42?2=EEM MUSIC EEGISTERE REFEREHCE ADDRESS
B U2F="TITITIIITIII}"

615 POKE 5328@,5:POKE 53221,8:PREINT "&"
628 PRIMT"", TREC1S),; " 30ed ORGAM"

38 PRIMT:PRIMT TABC152,"OCTAVE 1"

535 PRINT

548 FOR J=1 TO 12:PRIMT " "i

e43 FOR I=1 TO 18

638 PRINT"@ 1"; tMEKTI:PRINT ‘HERTJ

&35 Bg="" 10 I N G A o
EEE S15=" W WRRRC B0 RCRRERRI
SE65 S2%="p1 W YEERI Bl ¥ WBBERI MM
678 PRINT"® "L U2FiS1EBF

628 FOR I=1 TO S:PRIMT S2%,B%, ‘HEAT

6989 GOSUB 780:REM DISFLAY LETTERIMG
E95 RETURM

FEADY.

Figure 15.34 Keyboards for the (a) VIC 20 and (b)
Commodore 64 subroutines shown in Figure 15.33.

KEYS

OCTAVE 1

1-3

SET OCTAVE
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(a)

(b)

(a)

(b

Figure 15.35 Subroutine to display the lettering on the
(a) VIC 20 and (b) Commodore 64 organ keyboard.

veE REM  DISFLAY LETTERIMG

7le PRINT" TTRR O RESBRBIT IR

vea PREINT" ABERCYRDRERFIRIGRARE "
78 PRIMT" AEAME L RE RGN HRLT "
v4E PRINT"HERI KEYS 1-3 SET OCTAWE"
7o8 DATH 2.53.11.14.17

vEB FOR I=1 TO S:READ TEBOID:HERT
7rd RETURH

FERD'Y.

FEM DISPLAY LETTERIMG

PREIMT" TTRRMENR BRI i R i i "
PRIMT" A
PRIMT" A
PRIMT " Halele]
DATA 7.1@.16€,1%,22,28,31

FOR I=1 TO 7:RERD TECIJ:HEXT
RETURH

vEE
vig
va|
T3

FERDY.

Figure 15.36 Subroutine to display the asterisk
“pointer” and produce the tone on the (a) VIC 20
and (b) Commodore 64,

REM DISFLAY POINTER
Digg=" KulelDelale])"  D3=D0155+" Alalsleln]"
IF 137 THEH 1458

K=3%1-2

1488
14635
1416
1426

1438 PRIMT"@",; D33 SPCCK Y " sl
1448 GOSUE 156@:REM PRODUCE TOME

14546
14e8
1476
1458
1425

PRIHT" 3" RETURHN
E=TBCI=F2
PRINT"&" ;) D@%; SPCoK ) ;
GOSUE 1566

FEIMT" ") RETLUREMN

n *“n :

FEADY.

1435
1433
141&
1425
1438
1446

FEM DISFLAY FOINTER
Ds=""srIeToIeIeTaT8]" - D3F=D2%+ " Blelelage"
IF I19 THEM 1488

(=3%1+3

PRIMT"S" ; D3E; SPCORD 5" @6l
GDSUE 1588 REM PRODUCE TOHE

1456 PRIMT" 3" RETURH

1468 E=TB(I-16

14va PRIMT"S";D2F, SPCOK D S "HM"
1428 GOSUE 1566

1435 FRINT" ", ‘RETURH

REARDY.

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.
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HICHRMYRENRF YRGB REAREC RO NE"
AFNEIRNDINFYRIGIBHINLTRRE AR - "
KEYS 1-3 SET OCTRYE"

Figure 15.37 C64 organ when (a) playing a white key
(F) and (b) a black key (T).

C64 ORGA
O0CTAVE 1

(a)

OCTAVE

KEYS 1-3 SET

C6-4 ORGAN (b)

OCTAVE 1

KEYS 1-3 SET OCTAVE



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
onthe 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 21.
Face cards countas 10, and an ace can count as either |
or 1. Beingdealtanaceand a lace card isa blackjack
and an automatic win. If the player’s count goes over
21,itis a “bust™ and the player loses. After the player
stops taking hits (with the card count less than or equal
to 21), 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 fora card
count of 17 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:

ic symbols. Table B.2 shows the ASCII codes for
other special keys.

APPENDIX C—PEEK/POKE CODES

ABS GET OPEN SPC
AND GET# OR SQR
ASC GOSuUB 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 TI$
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-
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Table C.1 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 fu// and
associate the digit I 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 birs, and with one bit we can count
from zero (box empty) to one (box full) as shown in
Figure D.I.



TABLE B.1 ASCII codes for letters, digits, punctuation marks, and

graphic symbols.

32 43 @ g4 @ BE P 25— 112 7
33 | 49 1 63 A 21 0 g7 # 112 @
34 " e 2 g6 E 2z R 23 114 —
35 # al 3 &7 C 23 5 23 = 115
36 ¢ 52 4 62 D 24 T 198 — 116 |
37 4 52 5 €9 E a3 u g1 ~— 117 »
38 & 34 6 78 F BE W 182 - 112 =
39 - 55 7 71 G 87 W 182 | 112 o
48 56 3 72 H 28 W 184 | 128 &
41 > o (2 3 1 22 Y 185 - 121 |
42 # 58 ¢ 74 J 98 2 1@s * 122
43 + 58 73 K g1 [ lay 123 +
44 , 6@ < 7E L g2 £ 185 L 124 &
45 - 61 = M I 185 125 1
45 . 62 > 78 M %4 T 118 ~ 126 @
47 / 53 7 73 0 95 + i f I 127 W
TABLE B.2 ASCII codes for special keys.

5 WHITE 31 BLUE 142 UPPERCAZE
13 RETURH 123 F1 144 BLACE
14 LOWERCHSE 134 F2 145 CRSE UP
17 CRSR DOWN 135 FS 145 RYS OFF
18 RYS ON 136 F7 147 CLE

13 HOME 137 F2 143 IMEST

2B DEL 132 F4 155 PURFLE
28 RED 1329 F6 157 CRSR LEFT
29 CRSR RIGHT 148 F3 158 YELLOW
38 GREEM 141 SHIFT RETUREM 132 CYAH

TABLE C.1 PEEK/POKE codes for standard uppercase character set.

WONMAOEWOND-®

OZEIrARaAITMdOWdR

TABLE C.2 PEEK/POKE codes

15
17
18
13
28
21

PO N NI R RO PO
O 00 =) O R GO

26

31

32
33

39

[P R A N O RN}

WO~ W

B e o o
LR N Y]

iy

A

| =~ + ¥~ T N@IE

£
o

46 .
47 ¢

42
43
o4
a1
52
23
o4
59
e
a7
58
a2
=15]
&l
G
&3

WONOURON -~

~IN A e

&4
(=%}
(=1
&7
&
B3
[

= =g =
o

LR R i n SR I N P L)

i B B e

for alternate lower case
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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 rwo 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.

L e/
0 = empty box 1 = full box
Number of marbles = 0 Number of marbles = 1
Ficure D.1 You can count from 0 to 1 with one bit.
L a8/
0 = empty box 1 = full box

Ficure 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=0) when it contains no
marbles. It must be either full (bit=1) or empty
(bit=0). With this third box (three bits) we can count
from zero to seven as shown in Figure D.4.

Total number of marbles

o 2l o ;
ke |
i o 2
kgTo_/’\_l_J 3

Ficure D.3  You can count from 0 to 3 with two bits.

Ficure D.4 You can count from O to 7 with three bits.

S A N AN 0
0 0
0 0 1
W eeS N 2
0 1 0
—/ el e/ 3
0 1 1
e ./ ./ 4
1 0 0
-.ee ./ e / 5
1 0 1
‘eed ‘o0 \Tj 6
1 1
‘°2e9 ‘ee/ ‘@ 7
1 1 1
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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
writtenas 1000. Remember thata | ina 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.

Ficure D.5 You can count from 0 to 15 with four bits.
No. of Marbles
in each full box

_opE=a), Total no.

8 4 2 1 of marbles Hex Digit
0 0 0 0 0 0
0o 0 0 1 1 1
0 0 1 0 2 -
g 0 1 1 3 3
0 1 0 0 4 4
6 1T 0 1 5 5
0 1 1 0 6 6
0 1 1 1 7 4
1 0 0 0 8 8
i o CU O | 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 vou 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 to do. You just divide the binary number into
groups of four bits starting at the right and then



Fiure D.6 You can count from 0 to 255 with eight bits.

TABLE D.1 Hexadecimal and Decimal Conversion

Total
No. of marbles in each full box (bit = 1) no. of
128 64 32 16 8 4 2 1 marbles
0 0 1 1 0 1 0 0 52
1 0 1 [0 I ¢ 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 16°=256 marbles, and a fourth hexadecimal box
would contain a multiple of 16’=4,096 marbles. Asan
example the 16-bit binary number

1000011111001001
8 7 G
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 16= 82X 4,096 = 32,768
TX168= 7X 256= 1,792
Cxl16'=12x 16= 192
9X16'= 9X 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

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 S¥2||-2 322 2
3 12,288 | 3 768 | 3 48 [ 3 3
- 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 1792 |7 L 4 7
8 32,768 | 8 2,048 | 8 128 | 8 8
9 36,864 | 9 2,304 | 9 144 | 9 Q
A 40,960 | A 2,560 | A 160 | A 10
B 45,056 | B 2,816 | B 176 | B 11
G 49,152 | C 3,072 | C 1921 12
D 53,248 | D 3,328 | D 208 | D 13
E 57,344 | E 3.584 | E 224 | E 14
i 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 AS; B, C 28
INPUT “ENTER VALUE"”; C 37
GET AS: 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 I=1 TO 10: PRINT I: NEXT | 62
GOSUB 500 74
RETURN 74
ON | GOSUB 100,200,300 m
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
=Tl number of jiffies 32
AS=TI$ time 33
X=RND(1) random number 33
Z=5IN(X) sine 3
I=COS5(X) cosine 34
Z=TAN(X) tangent 34
I=ATN(X) arc tangent 34
Z=LOG(X) natural logarithm 35
Z=EXP(X) exponential function 35

DEF FNA(R)=7*R12 define user function 35
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String-Related Statements Page

B$=LEFTS$(AS,1) 116
B$=RIGHTS(AS,1) 116
B$=MID$(AS,L,)) 116
B$=MID$(AS%,1) 117
N=LEN(A$) 117
N=VAL(AS) 117
AS=STR$(A) 117
N=ASC(AS) 118
A$=CHRS(A) 119
Other Statements and Commands Page
DIM A(20),B$(3,15) 107
2FRE(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
LANGUAGE SUBROUTINES WITH BASIC

This 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. The firstis 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
RTS 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 $61-366 (97-102
decimal), and control is then transferred to a machine
language subroutine whose starting address has been
placed inlocations 0001 (LSB) and 0002 (MSB) on the
VIC 20 and locations 785 (LSB) 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 s, it
will become the value of X in the statement X =
USR(A).
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APPENDIX G—ANSWERS TO SELECTED
EXERCISES

EXERCISE 2-3
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EXERCISE 2-3 contd. EXERCISE 4-1

LIEEEEL ZAANDEREN SN e

p.“,.ass mLLiA3S;ALS; AS; -
H H las Ilr' !QII ﬂ$ “H
At n4s."||v L

L [ AT ]

i E?$=" oLIELAEN o« LANNENEI 1755 Loanney

‘4

EXERCISE 4-1

lg B3§=" !‘Illll"

B ASE=F2E P
HOFRIMTALE BSR4 BRF H3E . B

2 L SEUCBERE I HEE  EDE A4E BRI HEES
SE OPRIMTESS "W [ Rk

FERLUY.

18 B33 "MIHHH‘

sl "
o= FHEDRN SRR E
<5 Byd="rRHUEEEED

38 AlE="g "

dut H23="4% AT e
S8 A2E="zsg Wt

35 Fd$=" S
68 PRINT H1$, E9F,A2$, "2 ', B33 A2E, "P" B9%, HES, B3, Bos "™  E7§;A4S; "q &'
7O PRIFT BEAf A P EVEAEE B3, Bt | 8 B9E H2E. ' WY BOE A2E P

FEHDY .
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EXERCISE 4-2

i@ B$="lllllllll"

28 AE="085

38 Hl3="+¢¢ * "

48 R2$=" &

S0 A3s=" + §

B3 AdE=" & 49"

¥8 RAS$=" i

86 PRINTR$, B$:A1%:B%,A25) B, A2%, B¥,AZE: B3, A23 B4 A2F, B, A9% BE HSE,

RERDY.

1 B7s="sumMMENEI"
20 A$="gdJ

30 Alg=" "= g
49 A2$=" | (I "

|
o8 AZE=" | ® Q|"
6@ Ad4%=" | W | "
7O ASE=" | @ g |"

B8 AsE=" i I s

28 APE=" W Mg "

1868 ABF=" g

110 PRIMTAE, BPH: A15 BVE) A2, BFE, FEE BUPE A BPE ) nbd ) BV Aed) BV RV Bod s
128 S1%=""AK"

138 S2F=""TITITHINNRERF"

148 PRIMTS1#,; 22%, " slaxsls]ala]y]"

READY.

1@ B.i-‘—"ﬂlﬂlllll"

28 AF="

368 Alz="  F 4

48 Azg=" ®rg |

58 A33=" ® -

B A43=" & ar"

78 ASF=" "W a-"

20 . pe3=" e

98 ArE="  |_Wwg M

186 AZE=" [

ia PEIMTHE BVE RIS BYS) AZF) BV S ASFIBYH) A4S BV$) ASH BT ACE BV $ AT BT 4. ABE)
128 S1s=""lk"

130 S2s=""TTTTT HNNNRENK"
148 PRIMTS1#, 525 " plalalelalalelg”

FERDY.

16 E7s="rUMAEENAI"
20 FiF=" A

30 Alg=" g
49 Azg=" (W g "

56 Aag=" @ 3"
60 A4g=" o g
70 AS3=" By
88 ASd=" Wl "
98 A7$=" W w3

188 AS$=" K"

118 PRINTAS T4 A%, B7P$) A2$; BP$ R3S E7$)A4% BT ASS, BPS; AES, B7$, A7$, BPE) ABS,
120 S1$="""

130 S2$=""TTTTTEERNUNRM"

148 PRINTS14; 524 " Slelleun

FEADY.

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 11, 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, |
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, 109-111
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

CHRS, 118-19

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
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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
INPUTH#, 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/VIC organ, 171
Keyboard buffer, 105
King, 31, 138-39

LEFTS, 116
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

780, 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



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
PRINTH, 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, 109-111
a column of a 2-D array, 125-26
in descending order, 111
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, 114
Star field (See plotting)
Status word, 164
STOP, 19
STOP key, 5-6
Storing data (See Cassette tape
recorder; Floppy disk)
String functions, 116-18
String variable, 11-12
Strings, 7, 27-28, 116-27
Stripes, (See plotting)
Structured flowcharts (See
Flowchart)
Structured programming, 15
STRS, 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
TI, 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 PRINTH)

Z80 microprocessor (See
Microprocessor)
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PERSONAL COMPUTING

Complete with actual photographs taken
from the computers video screens, Comn
C uses graphlcal 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,
C includes valu-

able |nformat|on on:
o) e . a aranhic

~ holds a Ph.D. from Rens-
selaer Polytechnlc Institute and is a professor
of engineering and. chairman of electrical and
computer engineering at Oakland University in
Michigan. He has written five other Prentice-
Hall books entitled Apple II-6502 Assembly Lan-
guage Tutor (1983), TRS-80 Extended Color BA-
SIC (1983), Atari BASIC (1983), Apple BASIC
(1982), and PET/CBM BASIC (1982).

holds a Ph.D. from
Case Western Reserve University and is a com-
puter science professor at Oakland University
in Michigan.
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