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Foreword

Bitmap graphics...music and sound...sprites—these are some of
the most powerful features of your Commodore 64. You know
what the computer can do if you've seen high-quality
commercial software. The 64 can paint any picture, play al-
most any kind of music, animate an endless variety of shapes.
Using those same techniques in your own programs, however,
isn’t that simple. If you know machine language, you can do it
a bit more easily. That still may not solve the problem though,
for BASIC is often the language of convenience. And if you
know only BASIC, what can you do?

All About the Commodore 64, Volume Two is the answer. It
contains three major machine language utilities which add
new BASIC commands for bitmap graphics creation, allow you
to play the most involved music, and give you control over al-
most every aspect of sprites. Each utility is supported by an
editor, as well as other secondary programs. Examples show
you precisely what can be done and how to do it.

With bitmapped graphics you can draw, fill, and color on
the bitmap screen. With shape tables, you can draw detailed
shapes. By saving them to tape or disk, you can call them in-
stantly to the screen. “Shapedit,” a shape editor, makes it a
snap to produce shapes. You can quickly change or copy any-
thing you draw.

“Sidplayer” and its accompanying Editor allow you to
create music of your own, or type sheet music into your 64.
This editor is one of the most sophisticated available: You can
use the keyboard or joystick to add or delete notes, specify the
key, select the tempo, control volume, and number measures.
Advanced features allow you to repeat sections of a musical
piece, filter sound, and use the 64’s SID chip’s synchronization
and ring modulation. Almost anything that can be played,
from a symphony to a pop tune, can be reproduced on your
64. And though there are detailed explanations, you don't
even need to know how to read music to use this versatile
tool.

Sprites, those shapes you can sculpt and move across the
screen, can be easily controlled with the Sprite Control Sys-
tem. With the complete package, including a sprite editor,
you'll quickly design and create countless sprites, then move
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them on the screen at incredible speeds. The computer will
move them for you, or you can control them with the joystick.
In a matter of minutes you can have sprites bouncing, dis-
appearing, reappearing, crawling, and flying through your
own programs. Even though you may know how to program
just in BASIC, you can create impressive arcade-quality games
with the Control System.

Each of these utilities can be used separately, or in any
combination. They let you control, through your own BASIC
programs, some of the most advanced features available on
any home computer.

There’s even more information in All About the Com-
modore 64, Volume Two. An entire section is devoted to ad-
vanced BASIC programming techniques. It picks up where
Volume One left off. You'll learn about advanced functions,
file input/output, and the little-known, but powerful, WAIT
statement.

All the programs in Volume Two are ready to type in.
Error-checking programs make typing them in easy.

If you prefer, you can purchase all the programs from
Parts 2, 3, and 4 on disk for $12.95 plus shipping by calling
toll free 1-800-334-0868.

With the information and utilities included in this book,
you can turn your 64 into the computer you’ve always hoped
it would become. Powerful features become convenient
enough to use. Everything is clearly documentéd and illus-
trated, from the simplest technique to the most advanced.
With All About the Commodore 64, Volume Two, you can have a
new computer. It may look like your old 64, but it’s not. It’s a
machine that’s opened up hundreds of new doors into per-
sonal computing.



Introduction

Welcome to the second volume of COMPUTE! Books’ com-
prehensive series, All About the Commodore 64. The first vol-
ume showed you everything you needed to write BASIC
programs on your 64. But there’s more built into your com-
puter than just BASIC. There’s a dedicated graphics chip
which features. superior bitmapped graphics and eight sprites,
as well as a sound chip with capabilities comparable to those
in many commercial synthesizers. No other computer on the
market gives you such graphics and sound for such a low
rice.
P Unfortunately, these features are not easily accessible
from BASIC. Commodore 64 BASIC does not offer commands
for high-resolution plotting, for playing music, or for animat-
ing sprites. These have to be done with POKE statements, but
POKEs can be unwieldy and slow. In fact, BASIC programs
which use POKEs just do not run fast enough to play three
voices simultaneously or to control eight sprites at the same
time. :
One solution is to write the programs in machine lan-
guage (ML), the “native”” language of the Commodore 64. Ma-
chine language is so fast that it can clear the bitmap screen in
a fraction of a second; it can even move sprites faster than the
screen can display them. But to use ML you must first learn how
to write it. Learning a new language can be time-consuming,.
All About the Commodore 64, Volume Two offers an alter-
native. It describes three major utilities, written in machine
language, which can be merged with your BASIC programs to
do fast drawing, play music, or animate sprites. You can keep
the convenience of BASIC while adding the speed of ML—all
without having to plug a special cartridge into your computer.
This book is divided into four parts. Part 1 explains ad-
vanced features of BASIC; the remaining three each cover one
utility, showing how to use it and suggesting some practical
applications. The concise, but clear, approach of Volume One,
including the use of summaries at the end of each section in
Part 1, has been retained for this book. These two books
supplement each other. What you didn’t find in Volume One,
you'll find here. Although you don’t need Volume One to




understand this book, both are necessary to completely ex-
plore the capabilities of your computer.

Advanced BASIC

Part 1 picks up where All About the Commodore 64, Volume
One left off. The advanced features of BASIC are explored, de-
fined, and illustrated.

Chapters 1 and 2 cover subjects such as user-defined
functions and how to simplify IF-THEN statements. Chapter 3
discusses peripherals, such as printers and modems. The ad-
vanced topic of tape and disk files is presented with numerous
examples. A simple terminal program is even included for
those of you who have a modem. Finally, Chapter 4 covers
several miscellaneous items (how to call machine language
from a BASIC program, for instance).

Since the topics in this section are somewhat advanced
and may not be immediately applicable, you might want to
skip over these chapters and move to the graphics and sound
utilities first. However, there is a wealth of information in-
cluded in this section—it’s nice to know that it’s there when
you need it.

Bitmapped Graphics

This collection of machine language routines lets you work
with high-resolution and multicolor graphics. To make them
as accessible as possible, they’re written in the form of state-
ments which can be added to BASIC. Even more important,
the routines don’t take up a single byte of BASIC's free
memory.

New BASIC statements like GRAPHICS and DRAW are
used to clear the bitmap screen and do high-resolution plot-
ting, while others let you quickly draw lines and fill in areas.
The SHAPE statement lets you draw a complete object at any
place on the screen. There’s even a program—‘'Shapedit”’—
that helps you create a library of shapes.

Sidplayer

The SID (Sound Interface Device) chip built into your 64 is a
rather complex integrated circuit. However, ““Sidplayer,” the
music editing program included here, has been carefully de-
signed so that everyone can use it. No particular musical
knowledge is required; in fact, it's so easy to use that you can
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enter a song without knowing how to read sheet music.

As well as detailing Sidplayer’s advanced features, this
section offers a discussion of the fundamentals of music
theory.

Sidplayer is capable of emulating a wide variety of in-
struments, and any music you create with it can be merged
with other BASIC programs. The music will play while the
program is doing something else. Several demonstration tunes
are even provided.

Sprite Control System

How would you like to see eight sprites go whizzing across
the screen, each with a different direction, speed, shape, size,
and color? What if you could control them with one or even
two joysticks? And how about if they changed shape when-
ever they changed direction?

All of these things are possible with the Sprite Control
System—and you don’t need a single POKE statement! Even
better, the animation takes place independently of BASIC.
This means that sprites can move and change shape while a
BASIC program is displaying a score or generating sound
effects.

You'll find this utility especially useful for your own
projects, such as action games. Programs include a Sprite Edi-
tor and plenty of demonstrations.

Each of these three utilities—Bitmapped Graphics, Sidplayer,
and the Sprite Control System—can make your Commodore
64 do impressive things. That’s not all, though—you’ll also
see ways to use all three together to create even more impres-
sive results with your computer.

You Paid for It

All About the Commodore 64, Volume Two has something for
everyone. You'll finally be able to make use of all the special
features within your machine. They’ve always been there; it’s
just that they haven’t been easy to get to. You paid for them—
isn’t it about time you used them?
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Chapter 1

Numbers and Mathematics

Numerical Values for Conditions

In All About the Commodore 64, Volume One, you saw how the
AND and OR operators work on true/false values and on
numbers. Actually, these operators work only on numbers;
true and false have corresponding numerical values. Consider
the following statement:

PRINT 5=5

Surprisingly enough, this BASIC statement will make your
computer print a minus one (—1). Another (and somewhat
clearer) way of writing this is:

PRINT (5=5)

Note that the equal sign is not assigning anything. Rather, it’s
being used as a relational operator, just like the greater than
(>) and less than (<) symbols. The values to the equal sign’s
left and right are compared for equality. If the two values are
equal—if the relation is true—BASIC associates a —1 with
this condition.

However, if the values are not equal—if the relation is
false—zero is associated with such a condition. For example,
the following statement will print a zero:

PRINT 5=4

The next example shows both uses of the equal sign. The
first equal sign is being used to assign the variable A, as in a
LET statement. The second is comparing variables B and C for
equality.

A=B=C

When this statement is executed, B and C will be compared
first, and the result (0 or —1) will then be assigned to A. Vari-
ables B and C will not be changed.

The fact that true and false have numerical values can
sometimes be used to simplify IF-THEN statements. These
statements work by performing a comparison, and then using
the result to decide whether to execute the commands after
the THEN or to skip to the next line.

IF 5=5 THEN PRINT “TRUE"
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The condition 5=>5 is evaluated. Since both values are equal,
the result is —1, and the instruction after THEN is executed.
But look at this line:

IF 5=4 THEN PRINT “TRUE"”

This time the result is 0, and the part after THEN does not
execute.

Actually, the instructions following THEN will be exe-
cuted whenever the result is any nonzero value, not just —1.
In the first line 310 below, the PRINT statement after the
THEN will execute if C has a value other than 0. Execution
will skip to the next line only when C equals 0.

31¢ IF C THEN PRINT "C HAS NONZERO VALUE"

This line is just a shortened form of:
310 IF C<>@ THEN PRINT "C HAS NONZERO VALUE"

Thus, whenever a conditional statement checks to see if a
value does not equal zero, the <>0 portion can be eliminated.

This has a number of applications. For instance, here are
two ways of checking for a sprite collision. (Variable SN is the
number of the sprite being checked.)

IF (PEEK(53278)AND21SN)<>0 THEN PRINT “COLLIDED!”
IF PEEK(53278)AND2tSN THEN PRINT “COLLIDED!”

Both lines produce the same results, but the second is a little
shorter.

Not only can lines be shortened because conditions have
numerical values, but they can be eliminated altogether. Con-
sider a program which has to keep incrementing a color num-
ber. When the color reaches 16, it has to be set back to 1.

260 C=C+1 : IF C=16 THEN C=1
270 POKE 53289,C

Every time these lines are executed, C is incremented. The
conditional statement insures that the value of C is always
kept in the range from 1 to 15.

Lines 260 and 270 could be combined if it wasn’t for the
IF-THEN statement at the end of 260. This statement makes it
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impossible to add other instructions to the end of the line, be-
cause they may not always be executed. However, the lines
could be combined if the IF-THEN was eliminated. The
following shows how it can be done, not in two lines as
above, but in only one line.

260 C=C+1:C=C+15*(C=16):POKE 53280,C

The logic may be hard to follow, so let’s run through a
short explanation. Whenever C has a value from 1 to 15, the
statement C=C+15*(C=16) does not change the variable’s
value. For all these values, (C=16) is false, or 0. Since 15
times 0 is still 0, the statement effectively becomes
C=C+0; the value of C is left unchanged. But when C is 16,
(C=16) is true, or —1. Multiplying 15 by —1, however, gives
—15, which when added to the value of C (16) yields 1. No-
tice that an addition operation has to be used because the
value being added is negative. But the end result is subtrac-
tion. The process is outlined below.

C has the value 16
C=C+15%C=16)
C=C+15*—1)
C=C+(—15)
C=C-15
C=16—15
C=1
The example could be compacted even more by com-
bining the C=C+1 with the C=C+15*(C=16). The follow-
ing line produces the same result as the previous two
examples.

260 C=C+1+15*(C=15):POKE 53280,C

This statement behaves just like C=C+1 when C ranges from
1 to 14. When C is 15, however, adding 1 to it would make it
16, so the 15 is subtracted instead.

Here’s a slight variation on this technique; it's taken from
the ““Shapedit” program found later in the book. The variable
X represents a coordinate that must be kept in the range 0-39.
If X is larger than 39, it must be set back to 0. If it’s less than
0, it must wrap around to 39.

240@ IF X<@ THEN X=39
250 IF X>39 THEN X=0
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Instead, one line was saved by writing the code this way:
240 IF X<@ OR X>39 THEN X=-39*(X<0)

If X is less than 0, the value —39*(X<0) is 39, and the variable
is assigned the number 39. When X is greater than 39, the
value —39*(X<0) is 0, and the variable is set to 0.

One other application of this number technique is to use
it with the ON-GOTO statement. Consider the following pro-
gram segment, which waits until the joystick is pushed, and
then jumps to line 300.

320 JS=PEEK(56320)AND15:IF JS=15 GOTO 328
330 GOTO 300

Having a GOTO on a line all by itself seems wasteful.
Line 330 is necessary, but anything put on the same line, after
the GOTO, would never be executed. By taking advantage of
the number trick, you can revise the lines and end up with:

320 JS=PEEK(56320)AND15:0N (JS=15)+2 GOTO 320,300

The possible values of (JS=15) are —1 and 0, which
when added to 2 give the values 1 and 2, just right for using
ON-GOTO. Here is another way of writing the line so that the
numbers after GOTO can be transposed:

320 JS=PEEK(56320)AND15:0N 1-(JS=15) GOTO 300,320

Subtracting the numbers —1 and 0 (possible values of
(JS=15)) from 1 gives 2 and 1, respectively.

These tricks and techniques with numerical values for
conditions are not necessarily faster, because they often re-
quire the use of multiplication, a slow operation. They may
also seem to be rather complicated. However, they can be
used to reduce excessive IF-THEN and GOTO statements,
which contribute to confusing program logic. It’s up to you
whether you want to use these techniques in your own pro-
grams, but at least you'll be able to recognize them in other
programs.

Summary

* The values true and false have corresponding numerical val-
ues, —1 and 0.
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* The statement PRINT A=5 will printa —1 if A equals 5, a 0
if A does not equal 5.

¢ In the statement PRINT A=35, the equal sign is used as a
relational operator. The variable A is not being assigned and
will keep its previous value.

* BASIC uses the numerical values in determining whether to
execute instructions after THEN in an IF-THEN statement.

* In the statement IF A=5 THEN PRINT “TRUE”, BASIC will
execute instructions after THEN if the value of (A=5)is —1,
and will skip to the next line if the value is 0.

e Actually, BASIC will execute instructions after THEN if the
part between IF and THEN is any nonzero value. The state-
ment IF A THEN PRINT means “IF A is not zero THEN
PRINT” and will print a message if A has any value other
than 0.

* The statement IF A THEN PRINT is identical to IF A<>0
THEN PRINT. Whenever <>0 appears in a condition, it can
be removed to shorten the line without affecting the logic.

* One disadvantage in using IF-THEN statements is that two
lines cannot be combined when the first one contains such a
statement. To do so would affect the program’s logic. How-
ever, the fact that the values true and false have numerical
values can be used to get around this problem.

e The statement C=C+1+15*C=15) will increment the vari-
able C and reset it to 1 if its new value would be 16. The end
result is that C will always have a value from 1 to 15. This
statement is comparable to C=C+1:IF C=16 THEN C=1,
but is shorter and can be followed by more statements.

* When a GOTO statement is found on a line by itself, it can
usually be combined with the previous line.

¢ If a GOTO cannot be combined because the previous state-
ment is an IF-THEN, the ON-GOTO statement can be used
instead. Each of the three following examples accomplishes
the same thing.

358 JS=PEEK(56320)AND15:IF JS=15 GOTO 359
360 GOTO 309

350 JS=PEEK(56320)AND15:0N (JS=15)+2 GOTO 359,300

350 JS=PEEK(56320)AND15:0N 1-(JS=15) GOTO 300,359
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» The number techniques introduced in this section are mainly
used to shorten a program. They do not necessarily make the
program any simpler.

Precision and Scientific Notation
Your Commodore 64 always performs mathematical calcula-
tions with a high degree of accuracy. If it tries to tell you that
2+2 is not 4, something is wrong with your computer. But
there’s a limit to how precise an answer can be. Commodore
64 BASIC uses a maximum of nine digits in representing num-
bers. If an answer needs more than nine, the least significant
digits are dropped.

Here’s an example.

PRINT 1234567 + 0.9876543

The answer should be 1234567.9876543, but that takes 14
digits. The most significant digits are the ones to the left, so
only the first 9 are used. BASIC responds with the answer
1234567.99. Notice that the ninth digit is rounded up because
the tenth digit would have been 7. Numbers are rounded up if
the missing digit is greater than or equal to 5; otherwise
they’re rounded down.

Because BASIC can manage only nine digits, there are
some numbers that BASIC can only approximate. The fraction
1/7 is an example. The decimal representation of 1/7 contains
a sequence of digits which repeat forever.

1/7 = 0.142857142857142857...

But if you PRINT this fraction, you'll get only the first nine
digits, the last a 3, rounded up from ...28.

PRINT 1/7
142857143

This inability to exactly represent some numbers doesn't
apply just to numbers with too many digits. The following
program looks simple enough, but it will not work as you
might expect.

10 FOR K=1 TO 1@ STEP @.41
20 PRINT K
30 NEXT K

The program starts printing the numbers correctly (1,
1.01, 1.02, and so on), but after 1.22 things begin to get
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strange. The number 1.22999999 appears for 1.23. This contin-
ues for the rest of the program. To see why, enter the follow-
ing statement.

PRINT 1.01 — 1

You'll see .0100000002. The number 0.01 is another of
those values that BASIC cannot precisely represent. This can
lead to some really frustrating problems if you're not aware of
the limitations. For instance, enter this next line.

PRINT 1.01 — .01

BASIC prints 1. But the printed number may sometimes
be slightly different from the machine’s internal representation
of the number. In the next example, the part after the THEN
will not be executed.

IF 1.01 — .01 = 1 THEN PRINT “YES”

Because of the problems in computing .01, 1.01—.01 may
print as 1 but yet not exactly equal 1.

Sometimes you can use programming and a little
mathematics to get around these problems. The example that
stepped in 0.01 increments could be rewritten like this:

18 FOR K=100 TO 1000
20 PRINT K/100
3¢ NEXT K

Other problems may not be as easy to solve, and will re-
quire more creative solutions. The IF-THEN statement above
needs to be rewritten so that it’s something like this:

N=1.01 — .01 : IF INT(N*100)=100 THEN PRINT “YES"

One other possibility must be considered. If BASIC can
handle a maximum of only nine digits, what happens when it
comes across a number which has more than nine digits to
one side of the decimal? Can BASIC process numbers such as
1,234,567,890 (1.23456789 billion)? Yes, but it has to display
them using a form of representation known as scientific
notation.

PRINT 1234567890
1.23456789E +09

Any number can be represented as a number (the mantissa)
times 10 raised to a power (the exponent). The E means times
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10 to the ..., so 1.23456789E+09 means 1.23456789 times 10 to
the ninth power. This is commonly written as:

1.23456789 X 10°

For practical purposes, E+09 means move the decimal
point nine places to the right to get the correct value. If
1.23456789 is adjusted, 1234567890 results. (Sometimes it’s
necessary to add one or more zero digits to move the decimal
point completely.)

Scientific notation is convenient when representing num-
bers with a lot of digits, especially those which contain several
zeros. The numbers 10000000000 and 1000000000 look very
much the same (especially without the normal comma nota-
tion), but there’s a difference of 9000000000 between them.
Representing the numbers as 1E+10 and 1E+09 eliminates
the need to count the zeros, and reduces the chance of error.

The use of scientific notation is not confined to the
displaying of numbers, as in the following:

PRINT 1ES8,1E9
100000000 1E+09

You can also express numbers in scientific notation in re-
sponse to INPUT statements, include them as values in DATA
statements, and use them in most other places where numbers
are used. The absolute maximum value that BASIC can repre-
sent is 1.70141183E+38. If a number exceeds this limit,
BASIC will stop and print the OVERFLOW error.

Scientific notation works in the other direction as well.
Values less than 0.01 are always represented using scientific
notation.

PRINT 0.00001089
1.089E —05

The minus sign means that the decimal point should be
moved the designated number of places to the left. It does not
mean that the number is negative.
There is no underflow error. Numbers less than
2.93873588E—39 are converted to zero.
PRINT 3.14E—40
0

10
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Summary

» Commodore 64 BASIC uses a maximum of nine digits to
represent any number. If a number is made up of more than
that, the nine most significant digits (leftmost digits) are
used. The remaining digits are dropped.

» When digits have to be dropped, the nine-digit number is
rounded up or down (depending on the tenth digit). If the
tenth digit is 5 or more, the number is rounded up; other-
wise, it’s rounded down.

* Values need not have more than nine digits for the computer
to have trouble representing them. Examples showed how
the 64 has difficulty handling the number 0.01.

e The computer’s internal representation of a number may be
slightly different from the printed form. The result of 1.01 —
.01 prints as 1, but is not equal to 1 in IF-THEN comparisons.

 Sometimes it's possible to rewrite a line or lines to reduce the
problems associated with precision.

« Scientific notation can be used to represent numbers with
more than nine digits to one side of the decimal point. Any
number can be represented as a number from 0 to 9 times 10
raised to a power. The number 1234567890 is represented as
1.23456789E+09 in scientific notation. The 1.23456789 is
called the mantissa, the E means times 10 to the ..., and the
+09 is called the exponent.

« In practical terms, E+n, where 7 is a number, means that the
decimal point should be moved n places to the right, with
zeros added if necessary.

* Scientific notation makes it easier to read numbers with lots
of digits and reduces the chance of error.

o If a value exceeds 1.70141183E+38, BASIC will stop with an
OVERFLOW error.

o All numbers of magnitude less than 0.01 are represented in
scientific notation. The number 0.00123 becomes 1.23E—03,
with E—03 meaning that the decimal point should be moved
to the left three places.

¢ Numbers less than 2.93873588E —39 are converted to 0. No
error occurs when this happens.

Integer Variables
In All About the Commodore 64, Volume One, the concept of
type was introduced. The variable type helps describe what

11
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kind of information is being expressed by the variable. The
types described in Volume One were numbers and character
strings. The TYPE MISMATCH error occurred whenever these
were improperly mixed, as in LET A="CHRIS".

There’s a third type of variable that’s not often used. An
integer variable is denoted by a percent symbol (%) after the
variable name, just as a string variable is indicated by a dollar
sign ($). Integer variables are treated like other types of vari-
ables, so they can be used with such statements as PRINT, IN-
PUT, READ, and so on. The difference lies in their possible
values.

The numeric variables that have been used up until now
are also known as floating-point variables. They can have frac-
tional values, which are written in decimal form with digits to
the right of the decimal. Integer variables cannot.

Integer numbers include the counting numbers (1, 2, 3,
and so on), their negative counterparts (—1, —2, —3, ...), and
0. Fractional values cannot be represented by integers.

Integer variables can have integer values ranging from
—32768 to +32767. Values outside this range cause an IL-
LEGAL QUANTITY error.

LET A%=5:PRINT A% 5
N%=—3:PRINT N% -3
Q%=100000 ILLEGAL QUANTITY

If you try to assign a decimal value to an integer variable,

the value is converted to an integer before it’s assigned.

A%=5.5:PRINT A% 5
N%=6.9:PRINT N% 6

This conversion uses the same process as that used by the
integer function (INT(X)). The INT function takes a decimal
value and returns the largest integer that’s less than or equal
to the argument (the value within parentheses). For positive
numbers, this has the effect of dropping all digits to the right
of the decimal point. But for negative numbers, it works a little
differently.

PRINT INT(—5) =5
PRINT INT(—5.4) —6

In the first example, the argument is already an integer, so
no conversion is necessary. The second example returns —6
instead of —5, because —5 is actually larger than —5.4. You
can more easily see this on a number line, as shown by Figure
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1-1. Notice that the largest integer less than —5.4 is not —5,
but —6.

Figure 1-1. A Number Line

—7—6—5-4-3—-2-1 01 2 3 45 6 7

—54

Here’s another example:
A%=—3:PRINT A% -3
N%=—3.427 : PRINT N% —4

Integer and floating-point variables can be used together,
since the variable named A% is completely different from the
variable named A. Floating-point variable A does not change
when integer variable A% is assigned, and vice versa. Integer
variables can even take the values previously assigned to
floating-point variables, although the values are converted
into integer form. The process can be reversed as well. The
next few lines illustrate all these points. Notice that the last
line (IF N=N% THEN PRINT...) shows that N and N% are
not equal.
Q=3.14159 : PI%=Q : PRINT PI% 3
R%=32:S=R% : PRINT S 32
N=2:N%=3:IF N=N% THEN PRINT “YES” (nothing printed)

The only exception to using integer and floating-point
variables together is that the former can’t be used as counting
variables in FOR-NEXT loops. For some strange reason, Com-
modore 64 BASIC stops and displays a SYNTAX ERROR if
you try to use an integer variable in this way.

FOR K%=1 TO 10 : REM WRONG

In most computer languages, integer variables are avail-
able because they take less memory and can be processed
faster. This isn’t true, however, of integer variables in Com-
modore 64 BASIC. All math operations are computed using
floating-point numbers, so if an integer variable is used in a
math operation, it’s first converted to floating point (the ma-
chine’s internal representation for integer and floating-point
numbers is different). Then the operation is performed, and
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the result converted back to integer form. Look at the follow-
.ing example; three conversions have to be done.

LET C%=A%+B%

1. Convert A% to floating point

2. Convert B% to floating point
Perform the operation

3. Convert result to integer

Conversions take time. This means that integer variables
actually compute slower than floating-point variables. Also,
because each floating-point and integer variable take up seven
bytes of free memory, using integer variables does not save
memory.

All of this leads to a very good question. If integer vari-
ables have a limited range, cannot have decimal values, com-
pute slower than floating-point variables, and take just as
much memory, when would you ever want to use them? The
answer is never, unless they're being used as an array. Each
entry in an integer array takes only two bytes, compared with
five bytes per entry in a floating-point array.

DIM A(100) 101 entries * 5 + 7-byte array overhead = 512
bytes

DIM A%(100) 1%)’1 entries * 2 + 7-byte array overhead = 209
bytes

If your program is using several very large arrays and free
memory is a concern, it may be worthwhile to use integer ar-
rays. Or, if you want to use a certain variable name (such as
X), but the name is already in use for a floating-point variable,
you can still use the name with an integer variable (X%). With
these exceptions, you might as well not bother to use integer
variables.

Summary

* Numeric variables used up to now are more accurately called
floating-point variables.

e Type describes what kind of information is being conveyed
by a variable. The two types of variables used thus far have
been floating-point and string variables.

* Integer numbers include the counting numbers 1, 2, 3, ...,
their negative counterparts, and 0. A fraction cannot be ex-
pressed by an integer.

14
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* Integer variables are a third type of variable. They're distin-
guished from floating-point variables by a percent sign (%)
after their name.

* Integer variables can have integer values from —32768 to
+32767. If an integer variable is assigned a value outside
this range, the ILLEGAL QUANTITY error will occur.

* When an integer variable is assigned a decimal value, the
value is first converted to an integer using the same proce-
dure as that used by the INT function. For positive numbers,
this has the effect of dropping all digits to the right of the
decimal point.

* Integer and floating-point variable names are completely
separate. N and N% are two different variables, and what
happens to one will not affect the other.

* Integer variables can be used wherever floating-point vari-
ables can be used, except that they cannot be used as count-
ing variables of FOR-NEXT loops. A SYNTAX ERROR would
result.

* Integer variables take just as much memory as ﬂoatmg point
variables and actually compute slower.

» The only practical application of the integer variable type is
for an array, the one time when integers take less memory
than floating-point numbers. Each entry in an integer array
takes two bytes, as opposed to five bytes per entry in a
floating-point array.

Random Number Seeding and Sequencing

The random function was introduced in Volume One as a
means of adding a certain amount of unpredictability to a pro-
gram. RND(0) returns a decimal number between 0 and 1, and
returns a different number each time it’s called. By multiplying
the value by 10 and taking the integer, a random number
from 0 to 9 can be obtained. This is useful in such applications
as games. There are some applications of random numbers,
though, where you will not want to use RND(0). Although
this function returns numbers between 0 and 1, it will return
only selected values. After a number of calls, RND(0) will re-
peat some values, yet not return others, no matter how many
times the function is used. The following program line graphi-
cally demonstrates this.

10 Z=RND(@)*1000:POKE 55296+2%,15:POKE 1024+2%,160:G
OTO 18
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The plotting appears random at first, but it soon begins to
form a pattern of diagonal lines. Since not all of the screen is
covered, you can easily tell that the numbers generated by
RND(0) are not very dense. In other words, there are plenty of
values missing.

Fortunately, there’s a solution to this. Change the argu-
ment of the RND function from 0 to 1, clear the screen, and
run the program again. This time the plotting does not form
any discernable pattern, and if you let the program run long
enough, the whole screen is eventually filled.

Commodore 64 BASIC actually supports two kinds of ran-
dom functions. If the argument is 0, the computer PEEKs some
constantly changing hardware locations to construct the ran-
dom number. This would be acceptable, except that the con-
tents of the hardware locations do not change enough. One is
a clock/timer that normally isn’t even running!

Using the RND function with a nonzero argument cal-
culates a value based on a repeating series. This process forms
a very dense set of numbers, yet it's not without flaws either.
RND(1) will return the same sequence of numbers every time
you turn the computer on. Try it by first turning your com-
puter off and back on. Then enter this line:

PRINT RND(1;RND(1;RND(1)

Note the three values returned. Now turn the computer
off again, then back on, and retype the line. After pressing RE-
TURN, you'll see the same three values as before.

Using arguments such as 8 or 1.5 in place of 1 doesn’t
make any difference. The numbers may be dense, but they
will always occur in the same order. This certainly limits the
usefulness of the RND function for applications like games.

To get a dense set of numbers that will be different every
time you turn on the computer, you have to “seed” the ran-
dom number generator. This is usually done at the beginning
of a program by calling the random function with a negative
argument. For every negative argument, a different sequence is
selected. For example, every time you enter the following line,
you'll get the same results.

N=RND(—1):PRINT RND(1);RND(1);RND(1)

Try changing the seed value to —2. Though a different set
of numbers will be printed, they’ll still be the same each time.
You can imagine that the computer holds a very long sequence
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of numbers, and each seed starts the random function at a dif-
ferent point in the sequence.

To get truly random numbers, you need to randomly seed
the random function. Sound confusing? It’s not. Instead of
using a constant negative number for the seed value at the
beginning of the program, just use a changing value, such as:

100 N=RND(-TI)

Do this only once, when the program initializes, and then
use RND(1) to get the random numbers.

This should be the perfect solution. You get a dense set of
numbers, and the set is different every time. Random numbers
produced by this technique are suitable for both games and
statistical applications.

Summary

* The random function, RND, returns a random decimal num-
ber between 0 and 1.

* When RND is called with an argument of 0, the value re-
turned is based on a hardware timer. However, only a few of
the possible numbers are ever returned. In other words, the
numbers are not very dense.

¢ Calling RND with an argument greater than 0, such as 1,
makes the function return a value based on a repeating se-
ries. Values returned by RND(1) are dense. The only problem
with RND(1) is that it returns values in the same order every
time the computer is turned on.

* The random number generator can be “seeded” by calling
RND with a negative argument. For each negative number,
or seed, the values returned by RND(1) start at a different
place in the series.

* To get truly random numbers (dense and different each time
the computer is turned on), the random number generator
should be seeded with a random value as part of a program’s
initialization. Using RND(—TI) should be satisfactory.
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More Functions

Print Formatting Functions

The screen on the Commodore 64 is divided into 25 rows of
40 columns each. These rows are more specifically called phys-
ical lines. Another type of row is known as a logical line. You
may have noticed while editing a line in BASIC, that when
the typing wraps around to the left edge of the screen, the
rows below scroll down. This makes room for typing on a sec-
ond row. Together, the two rows form one logical line.

One logical line can be up to two physical lines long,
which is why BASIC lines on the 64 cannot exceed 80 charac-
ters. If the typing wraps around to a third row, a new logical
line is used.

Logical lines control the cursor movement when the RE-
TURN key is pressed. Hitting RETURN moves the cursor to
the beginning of the next logical line. This means that the
cursor may move down one or two physical lines. Normally,
the cursor just moves to the next row; if it’s on the first row of
a two-row logical line, however, it skips the second and goes
to the first row of the next logical line.

Logical lines also affect screen scrolling. The screen may
scroll by one or two rows. The number of rows in the logical
line currently scrolling off the screen determines how far the
screen scrolls.

The POS function returns the current horizontal position
of the cursor within a logical line. POS indicates this position
with a column number from 0 to 79. Values 0-39 correspond
to the 40 columns of the first row, while those from 40 to 79
indicate that the cursor is on the second row of a logical line.

POS requires an argument. It's a dummy argument (it
doesn’t affect the value returned) and is usually set to 0.

PRINT POS(0)
PRINT “GRAPHICS” POS(0) “SOUND"”

In the first example, BASIC printed a zero—that’s because
the cursor moved to column 0 when the RETURN key was
pressed. to enter the line. Eight was returned in the second ex-
ample because the cursor was in column 8 after printing the
word GRAPHICS.
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Once in a while you'll find a situation in which POS may
come in handy, but generally it’s a relatively useless function.

Two functions which can be used more often are TAB and
SPC. Actually, they are not true functions. They do not return
values, and they can be used only in PRINT statements. TAB
and SPC are used to change the position of the cursor. Here's
an example: '

PRINT TAB(20) “HOWDY"”

The only thing that was printed was the word HOWDY,
but its first letter was in column 20. TAB is like a special
instruction to the PRINT statement which makes the cursor
move to a certain column. Commas in PRINT statements
allow only very limited formatting of displayed information,
because you have no choice about where the first character
appears. With TAB, however, you can select your own col-
umns. Program 2-1, “Parts,” shows a simple example of how
you can use TAB to format a screen display.

Program 2-1. Parts

For error-free program entry, be sure to use “The Automatic Proofreader,” Appendix D.
10 PRINT " PART" TAB(6) "NAME" TAB(16) " QUANTITY"

srem 126
20 FOR K=1 TO 3:READ PN,NS$,Q srem 231
39 PRINT PN TAB(6) N$ TAB(16) Q srem 62
40 NEXT :rem 163
5@ DATA 33,WING N‘UT,5,1Q,BOLT,3,47,1/4 SCREW, 16

s:rem 85

TAB works by comparing the number in parentheses with
the current position (the value returned by POS). If the cursor
has to be moved to the right, the necessary number of spaces
are printed. TAB cannot move the cursor to the left, which
would cause overwriting of something already on the screen.
In fact, if you try to use TAB(12) when the cursor is at column
20, the cursor won’t move. You can see this for yourself by
entering this PRINT statement:

PRINT TAB(20) 6 TAB(12) 4
Another use of TAB is to center or right justify text lines.
These lines center each word printed.

1% READ S$:IF S$<>"END" THEN PRINT TAB(20-LEN(S$)/
2) S$:GOTO 10

20 DATA BITMAPPED,GRAPHICS,MUSIC, SYNTHESIS, SPRITE
{ SPACE}ANIMATION, END
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By changing the expression for the TAB value from
20—LEN(S$)/2 to 39—LEN(S$) the words will be right jus-
tified instead.

TAB is used to absolutely position the cursor. Regardless of
where the cursor is, TAB moves it to the requested column, as
long as it’s not trying to move to the left. The SPC function
works a little differently. It moves the cursor the designated
number of spaces to the right from its current position. It al-
lows relative positioning of the cursor. If the cursor is at col-
umn 8, for instance, SPC(10) moves it to column 18. If it’s at
column 12, SPC(10) moves it to column 22. This is useful
when you want to print several leading spaces. A statement
starting with PRINT SPC(6) is easier to read than PRINT
" ”’, where it can be hard to count the number of
spaces. SPC can also be used to print patterns, as the example
below illustrates.

18 FOR K=1 TO 9:PRINT SPC(K) MIDS$("COMMODORE",K,1)
:NEXT K

Remember, TAB and SPC are not true functions, and can
be used only with the PRINT statement. That means, though
it would be handy, you cannot do something like this:

14 BLS=SPC(10) : REM WRONG

Summary

* A physical line is one of the 25 rows on the screen.

* A logical line can consist of one or two contiguous rows. A
logical line becomes two rows long when typing at the right
edge of the screen wraps around to the next row at the left
edge.

* BASIC program lines are one logical line long, which is why
they cannot be longer than 80 characters.

* When RETURN is pressed, the cursor moves to the begin-
ning of the next logical line.

* Logical lines also affect screen scrolling.

» The POS function returns the current position (columns
0-79) of the cursor within a logical line. Columns 40-79 in-
dicate the second row of a logical line. Unfortunately, POS
has few applications.

» TAB and SPC are special kinds of functions which can be
used only in a PRINT statement. They control cursor
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positioning, more like commas and semicolons in PRINT
statements than like true functions. TAB and SPC do not re-
turn values.

» TAB advances the cursor to a designated column, as long as
this does not require moving the cursor leftward. TAB allows
absolute positioning of the cursor. Its applications include
columnar printing and the centering and right justification of
text.

» SPC moves the cursor to the right a designated number of
spaces. Thus, SPC allows relative positioning of the cursor.
SPC is used to print leading spaces and patterns.

Transcendental Functions
This section presents a group of functions that are used mainly
in mathematics-oriented applications.

The SQR function returns the square root of its argument.
The square root of number N is the number that, when mul-
tiplied by itself, produces N. Thus, the square root of 9 is 3,
because 3*3 is 9; the square root of 16 is 4. The square root of
12 is somewhere between 3 and 4, but the decimal representa-
tion for this number continues indefinitely. With nine digits
the value can be approximated as 3.46410162. Square roots of
negative numbers are undefined, so using a negative argument
with SQR causes an ILLEGAL QUANTITY error.

Finding the square root of a number is the same as raising
the number to the power of 1/2. Square roots can also be cal-
culated by using the exponentiation operator—the up-arrow
key on your Commodore 64 (t)—with the value 0.5. That’s
why both the following lines produce the same result.

PRINT SQR(12)
PRINT 121.5

The only advantages to using SQR instead of the
exponentiation operator are that SQR is easier to read, and it
executes just a little faster.
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EXP and LOG are two more functions based on expo-
nents. EXP takes the natural number ¢, a constant equal to
2.71828183, and raises it to the power specified by the argu-
ment. This power cannot exceed 88.0296919, or the OVER-
FLOW error occurs. Arguments less than —88.0296919 return 0.

Like the square root of 12, e is an irrational number (it
cannot be written as a fraction) and can only be approximated.
The nine-digit approximation of e is 2.71828183, which is pro-
duced by EXP(1). This means that EXP can also be done using
exponentiation. Both the following statements produce the
same result.

PRINT EXP(8)
PRINT Ef8 (assuming E equals 2.71828183)

. Again, EXP is a little easier to work with than exponentia-
tion, but in this case it’s also much faster; it can be almost
twice as fast as raising e to a power.

The LOG function is the inverse of EXP. Again, both of
the next two statements return the same value, in this case 8.
PRINT LOG(EXP(8))

PRINT EXP(LOG(8))

Note that LOG computes natural logarithms, logarithms

to the base e, instead of the base 10 often found on pocket

24



Chapter 2

calculators. Also, due to the nature of logarithms, the argu-
ment must be greater than zero, or the ILLEGAL QUANTITY
error occurs.

The remaining functions have to do with trigonometry.
SIN and COS are used to calculate the sine and cosine of
an angle specified in radians. Radians are often specified in
terms of the irrational number pi, written #, which is approxi-
mately equal to 3.14159265. Since this value is frequently
used, it’s available as a special keyboard character. Type
SHIFT-up-arrow to get the = symbol.

PRINT =

If you prefer working with degrees instead of radians, you can
convert one to the other. To convert n degrees to radians, mul-
tiply n by 7 /180. To convert n radians to degrees, multiply n
by 180/ =.

The SIN and COS functions take the argument in radians,
subtract any extra multiples of 2* 7 (or 360 degrees), calculate
the sine or cosine value, and return a decimal number from
—1to 1.

The TAN function calculates the tangent of an angle
given in radians. The tangent of an angle is equal to the sine
of the angle divided by the cosine. Thus, TAN is not really
necessary, but it is more convenient. However, because it is a
fraction with COS in the denominator, some restrictions must
be placed on TAN’s argument. The function is undefined for
the angles 7 /2, 3* w /2, and all equivalent angles. These an-
gles have a cosine of zero, and since tangent is sine/cosine,
this would lead to division by zero (undefined in normal
mathematics). You'll see the DIVISION BY ZERO error when
TAN is given an illegal angle.

The last function is ATN (arctangent), the inverse of TAN.
ATN returns the angle in radians which has the given tangent
as the argument. Where TAN( # /4) is 1, ATN(1) is = /4, or
0.785398163. ATN will always return values from — = /2 to
w/2.

Other trigonometric functions can be calculated using the
transcendental functions already described. See Appendix H of
the Commodore 64 User’s Guide (the manual that came with
your computer) for a listing of these derived mathematical
functions.
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Summary

* The SQR function returns the square root of its argument.
The argument must be greater than or equal to zero, or an
ILLEGAL QUANTITY error occurs. The function is used in-
stead of raising a number to the power 0.5 because it’s easier
to read and executes slightly faster.

 The EXP function raises the natural number e, approximately
equal to 2.71828183, to the power indicated by its argument.
If the power is greater than 88.0296919, the OVERFLOW er-
ror occurs. If the power is less than —88.0296919, EXP will
return 0. EXP is used instead of exponentiation because it’s
easier to read and it executes significantly faster than raising
e to a power.

¢ The function LOG returns the natural logarithm, the log to
the base e, of its argument. The argument must be greater
than zero to prevent the ILLEGAL QUANTITY error.

* The 7 symbol can be used to represent the value 3.14159265,
an approximation of the mathematical constant pi.

e The SIN and COS functions return the sine and cosine,
respectively, of the angle specified (in radians) as the argu-
ment. Extra multiples of 2* = (360 degrees) are removed
from the angle. The value returned is a decimal number from
—1to 1.

« It's possible to convert radians to degrees, and vice versa. To
convert n degrees to radians, multiply n by = /180. To con-
vert n radians to degrees, multiply n by 180/« .

 The TAN function returns the tangent of the angle (expressed
in radians) given by the argument. TAN is not defined for
the angles 7 /2, 3* 7 /2, and equivalent angles. Using any of
these causes the DIVISION BY ZERO error.

« The ATN function is used to calculate the arctangent (inverse
tangent). It returns the angle in radians which has the tan-
gent specified as the argument. ATN will always return val-
ues from — 7 /2 to 7 /2.

« Formulas can be used to obtain other trigonometric functions,
such as the remaining inverses and the hyperbolics.

User-Defined Functions with the DEF Statement
Sometimes when writing a program, you may find yourself
typing the same expression again and again. Consider a pro-
gram that’s working with dollar and cent values which has to
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round numbers to the nearest cent several times. The process
of rounding is done by the following expression:

INT(N*100+.5)/100

Given a number N, this formula will preserve all digits to
the left of the decimal point (dollars) and the first two digits to
the right of the decimal point (cents). The remaining digits will
be dropped because they represent a value less than one cent.
However, if what'’s dropped is half a cent or more, the number
is rounded up. Try the short program below to check that the
formula really does work.

1@ INPUT N:PRINT INT(N*100+.5)/100
20 GOTO 18

The value 1.234 becomes 1.23, but 1.235 will become 1.24.

Other computers may have a rounding process included
in their BASIC. It’s usually implemented in the form of a func-
tion, so that rounding a number can be as easy as saying
PRINT ROUND(N). Since Commodore 64 BASIC has no
rounding function, the formula will have to be placed in a
program wherever a number has to be rounded. If rounding
was necessary in several parts of the program, this could take
a fair amount of typing. The formula is somewhat com-
plicated, and every time you enter it, you increase the chance
of error. One solution is to use a subroutine instead, some-
thing like the program segment which follows.

19 INPUT N:GOSUB 6@:PRINT A
20 GOTO 18
60 A=INT(N*100+.5)/100 :RETURN

For every place where a number has to be rounded, the
statement GOSUB 60 can be used. This may be a little easier
to type, and the risk of mistyping the formula is reduced be-
cause it’s entered only once. But this method is still awkward
to use.

The ideal solution would be to add the rounding process
to BASIC as one of the standard functions. That’s where the
DEF statement comes in. DEF lets you create your own func-
tions, which include arguments and are called like any other
function. The availability of user-defined functions is one of
the best features of Commodore 64 BASIC.

The syntax of the DEF statement consists of several parts:
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The keyword DEF, the function name prefix FN, the function
name, parentheses containing a variable, an equal sign, and fi-
nally an expression. The restrictions which apply to variable
names apply to function names (only the first two characters
are significant, the first character must be alphabetic, and the
remaining characters are optional and must be alphanumeric).
The expression should be defined in terms of the variable in
the parentheses. This is rather complicated, so here’s an
example.

10 DEF FNR(N)=INT(N*100+.5)/10%:REM DEFINES FUNCTI
ON 'R’
To call the newly defined function, the function name pre-

fix FN should be followed by the function name R, with
parentheses containing an argument.

20 INPUT N:PRINT FNR(N):GOTO 20 :REM CALLS FUNCTION
, R L}

When FNR(N) is executed, the value of argument N is
substituted for every N in the definition. PRINT FNR(3) means
PRINT INT(3*100+.5)/100. When you run the two-line pro-
gram (lines 10 and 20 above), it gives the same results as the
previous demonstrations. But the defined function is much
more convenient.

There are several interesting things concerning the vari-
able used in the function definition which you should know.
First of all, the variable in the function call does not have to
match the variable in the function definition. Line 20 could
have been written as:

20 INPUT Q:PRINT FNR(Q):GOTO 20

You don't even have to use a variable. Make sure the two-line
program from above (with either version of line 20) is loaded
and run, hit the RUN/STOP-RESTORE key combination, then
type this line in immediate mode (without a line number).

PRINT FNR(5.118)
You'll see 5.12 returned as the result.
The purpose of the variable in the definition is to show

the relationship between the argument and the expression.
The statement DEF FNR(N)=INT(N*100+.5)/100 really
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means define a function R which will take the argument, multiply
it by 100, add 0.5, take the integer portion, divide by 100, and re-
turn the result as the value of the function. The variable N has
nothing to do with the definition, other than to show where
the argument is in the expression. This is necessary in case
more than one variable name appears.

19 DEF FNR(N)=INT(N*T+.5)/T
20 T=100
3¢ INPUT N:PRINT FNR(N) :GOTO 30

The definition uses variable T, which has the value 100,
to make the function execute a little faster. When executing
function R, BASIC knows that the argument should be sub-
stituted for every N in the definition, because N, not T, ap-
pears as the argument.

Using a variable in a DEF statement, such as N, is a very
unusual application. Variables are not used like this in any
other aspect of BASIC. To illustrate the fact that N is indepen-
dent of the defined function, here are two things you should
know:

1. The value of N is not affected by the definition or call of a
function defined in terms of N.

2. The value of N has no effect on the definition or call of a
function defined in terms of N.

To demonstrate the first point, take a look at the next
short routine. It shows how the value of N is preserved
through a function definition and call.

10 N=193 : REM ARBITRARY CHOICE
20 DEF FNR(N)=INT(N*100+.5)/100
30 PRINT FNR(2.639)

40 PRINT N : REM WILL PRINT 193

To illustrate the second point, just try different values for
N in line 10. You'll see that function R always returns the
same value for the argument 2.639, regardless of the value of N.

You can even define a function that doesn’t use its argu-
ment. This line defines function G which returns a random
integer from 1 to 10.

10 DEF FNG(X)=INT(RND(1l)*18)+1

The argument, indicated by X, is not used in the
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expression. This means that whenever function G is called, the
argument will not have any effect on the value returned by
the function.

You can go further and use a dummy argument, such as
0, just to satisfy the function’s syntax.

20 PRINT FNG(Q)

Another possibility is to use two arguments in a function.
Since the DEF statement syntax supports only one, variables
will have to be used to pass the two values. The defined func-
tion in the following program ignores the argument from the
function call and accepts the variables A and B instead. The
function is named MN because it is a minimum function; it re-
turns the smaller of the two arguments.

10 DEF FNMN(N)=-A*(A<B)-B*(A>=B)

20 A=3:B=4

3¢ PRINT FNMN(@)

When you run this, the number 3 prints. Change A so that it's
equal to or greater than B, and the number 4 will print
instead.

A=5:PRINT FNMN(0)

This program demonstrates the definition for a maximum
function, one that returns the larger of the two arguments. No-
tice the three values that display. In each, the larger argument
appears.

10 DEF FNMX(N)=-A*(A>B)-B*(A<=B)
20 A=3:B=4:PRINT FNMX(0Q)

3@ A=5:PRINT FNMX(#)

4@ B=-7:PRINT FNMX(Q)

As you can see, using function calls can prevent repeated
typings of an expression.

One application of user-defined functions is to calculate
low and high bytes of memory addresses. A common method
of storing data, from note information for a song to a sprite
shape definition, is to place a sequence of bytes in memory
locations. Whatever the information is, its first location is the
address of the data. Locations can range from 0 to 65535; so
can addresses.

This, however, presents a problem—there will be many
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times when you’ll have to store an address in a memory loca-
tion. Locations hold values (bytes) which have a range only of
0-255. Since there’s no way to convert an address (0-65535)
into a byte (0-255), it’s necessary to express the address in the
form of two bytes. The high byte indicates the number of mul-
tiples of 256, and the low byte specifies the remainder. All
memory locations can be expressed with this two-byte format.
The table below shows some examples.

Address Hi Lo
0 0 0

1 0 1

2 0 2

254 0 254
255 0 255
256 1 0
257 1 1
511 1 255
512 2 0
513 2 1
1024 4 0
49152 192 0
49487 193 79
65535 255 255

To break any address into its two equivalent bytes, two func-
tions are needed.

19 DEF FNH(N)=INT(N/256):DEF FNL(N)=N-256*INT(N/25
6)
2@ INPUT A:PRINT FNH(A);FNL(A):GOTO 20

Function H calculates the high byte and function L calculates
the low byte. Check the values in the chart by running the
program, and then enter a few of your own.

You'll find these two functions used quite often in pro-
grams in other parts of this book. Usually the low and high
bytes will be POKEd into two consecutive memory locations,
such as in:

POKE 251,FNL(BA):POKE 252,FNH(BA)

By convention, the low byte is always POKEd into the
first location, and the high byte into the second. This format is
important to remember.

A third function used in later programs is one that re-
constructs an address stored in low byte/high byte form.
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\

10 DEF FNDP(A)=PEEK(A)+256*PEEK(A+1)

The “double PEEK” function PEEKs the two locations and
returns the address they contain. If you type in and run the
line above, then enter PRINT FNDP(n), where n is the low
byte location, the function will calculate the address and dis-
play it.

You may have noticed that part of the definition for func-
tion L is the same as that for function H. Can one defined
function call another? Certainly. Take a look at this line.

10 DEF FNH(N)=INT(N/256):DEF FNL(N)=N-256*FNH(N)

The only thing you don’t want a function definition to do
is call itself. BASIC won’t know how to deal with that and in-
dicates its confusion by printing the OUT OF MEMORY error
if the function is called.

19 DEF FNB(X)=3+FNB(X) : REM WRONG

If there are any SYNTAX ERRORs in the expression for
the function definition, they won't be detected until the func-
tion is actually called. It’s also possible for an error to occur
within a defined function, such as ILLEGAL QUANTITY, DI-
VISION BY ZERO, or OVERFLOW. In all these cases, when
BASIC stops and prints the error, the line number indicated is
the line of the function call, not the definition.

Another error associated with user-defined functions is
UNDEF'D FUNCTION. This happens whenever a program
tries to call a function not yet defined. The most common
causes are either forgetting to define the function or using dif-
ferent names for the function definition and call.

Once a function has been defined, it doesn’t have to keep
that definition. If a function name is already in use, but placed
in another DEF statement, the old definition will be replaced
with the new. This also means that it’s okay for the same DEF
statement to be executed more than once. No error will occur.

Defined functions are erased by the CLR statement.

The argument in a DEF statement must be a floating-point
variable. Using a string variable or an integer variable leads to
a SYNTAX ERROR.

Finally, like the GET and INPUT statements, the DEF
statement can be executed only in a program. Attempting to
define a function in the immediate mode only causes the
ILLEGAL DIRECT error.
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Summary

e Sometimes you’ll find yourself entering the same expression
again and again. Often the expression performs some process
on a value. Repeatedly typing the same expression should be
avoided, not only to eliminate extra work, but also to lessen
the chance of error.

The ideal way to handle such an expression is to implement
it as a function. The value used by the expression could be
the argument, and the number produced by the expression
could be the value returned by the function.

One of the best features of Commodore 64 BASIC is that it
lets you create new functions through the DEF statement.
Functions defined with DEF behave just like standard BASIC
functions. They have a name, take an argument, and return a
value.

The syntax for the DEF statement is: DEF, the function
name prefix FN, the function name, parentheses containing a
floating-point variable for an argument, an equal sign, and
an expression.

Function names follow the same syntax rules as variable and
array names. The first character must be alphabetic and the
remaining characters, which are optional, must be alpha-
numeric. Only the first two characters are significant.

The variable in parentheses is called the argument variable.
The expression is defined in terms of this argument variable.
Every occurrence of the argument variable name in the ex-
pression is used to represent the value passed as the
argument. ‘

The argument variable is used only as a place holder, to
show the relationship of the argument to the expression. Any
variable name can be used, even one that does not appear
elsewhere in the program.

The DEF statement can be used only in program mode.

To call a defined function, use the prefix FN followed by the
function name, then parentheses containing an argument that
is passed to the function.

When the function is called, BASIC refers to the expression
in the definition and substitutes the argument passed for ev-
ery occurrence of the argument variable. BASIC then eval-
uates the expression and returns the result as the function
value.
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* The value of the variable used to represent the argument is
not changed when DEF is executed or when the function is
called; the definition and call of a function are not affected
by the value of the variable.

e The argument of a call to a defined function can be a num-
ber, a variable, or an expression. It does not have to be a
variable matching the argument variable in the correspond-
ing DEF statement.
The expression in the DEF statement does not have to con-
tain the variable for the argument. The function can ignore
the argument, and the argument will have no effect on the
value returned. It will be a dummy argument.
To pass more than one argument to a defined function, vari-
ables have to be used. A function can ignore the normal
argument and return a value based on one or more variables.
An example here was a minimum function which took two
arguments and returned the lesser value. The definition for
this function expected the two arguments to always be in the
variables A and B.
The expression for a definition can contain other variables,
functions, or even other defined functions.
The only thing that a function definition may not contain is a
call to itself. That is a form of recursion, which BASIC cannot
handle, and is reflected by an OUT OF MEMORY error.
* When a call is made to a function that has not yet been de-
fined, the UNDEF'D FUNCTION error occurs. Other errors,
such as SYNTAX and ILLEGAL QUANTITY, can also occur
while a function is being called. Whenever such an error oc-
curs, the line number displayed is the line of the call, not of
the definition.

A function can be redefined without an error. This means

that the definition associated with a function name can be

changed while the program is running, or the same DEF
statement can be executed more than once.

All defined functions are erased when CLR is performed.

The first memory location for a sequence of bytes is called

the address of the data. An address can range from 0 to

65535. An address can be expressed in a two-byte format,

each byte in the range 0-255. The high byte indicates mul-

tiples of 256, the low byte the remainder, of the address.

* Being able to express an address in this form makes it pos-
sible to POKE the address into memory locations.
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e When the low and high bytes of an address are POKEd into
memory locations, two very important rules must be fol-
lowed: First, the locations must be contiguous. Second, the
low byte is always POKEd into the first location, and the
high byte is always POKEd into the second location.

e An address can be reconstructed after it has been broken
down into low and high bytes and POKEd into locations. To
get the original value, PEEK the second location, multiply it
by 256, and add the result to the value found in the first
location.

e A common application of defined functions is to calculate
low and high bytes, and to reconstruct addresses. In this
book, functions L and H are always used to take an address
and return the low and high byte, respectively. Function DP
will always take a location number, PEEK the location and
the one that follows, and return a reconstructed address.
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File Input/Output

Introduction to 1/O

A computer is a communications device—it moves information
from one place to another. The most common example is
when the computer accepts information from a user through
the keyboard, and presents information by displaying it on a
screen. This process of communicating is referred to as
input/output, and is often abbreviated as I/O.

The keyboard and screen are not the only parts of a com-
puter system that can be involved in input/output. Other
peripherals, such as a printer, tape recorder, disk drive, or
modem, can also be used to transfer information. With a
printer, you can get a permanent copy of a program listing or
program results on paper. The Datassette recorder and the
disk drive can be used to load and save programs and other
kinds of information. By using a modem and a telephone, you
can connect your computer to other similarly equipped
computers.

Collectively, the keyboard, screen, printer, Datassette, disk
drive, and modem are called devices. The transfer of infor-
mation takes place between the computer and one of these de-
vices. An important aspect of this information exchange is the
direction in which the information is traveling. The direction
describes whether information is being sent or being received,
and is always described from the point of view of the com-
puter. If the computer is receiving information from a device,
the term input is used. When the computer is sending infor-
mation to a device, it's termed output. Sometimes the terms
reading and writing are used to mean receiving and sending.

With some devices, only one direction is possible. For ex-
ample, the keyboard can be used only to input information.
The keyboard is not capable of displaying information, and it
would be ridiculous to try to make the computer send infor-
mation to the keyboard. On the other hand, the printer is an
output-only device. Information cannot be entered into the
computer through the printer. Devices such as the Datassette,
disk drive, and modem, however, support both input and
output.

The purpose of this chapter is to show you how BASIC
can be used to make the computer communicate with other
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devices. BASIC's input statements are GET and INPUT, and
its output statement is PRINT. With a few modifications, these
same statements can be used with all the devices, not just the
keyboard and screen. The next section introduces a new way
to access the keyboard and screen, while the later sections
show how these methods can be applied to the other devices.

Summary

* The process of the computer communicating is called
input/output, abbreviated I/0. A typical example is when the
computer receives information from the keyboard and trans-
mits information to the screen.

* Those parts of the computer system which can be used for
input or output—the keyboard, screen, printer, Datassette,
disk drive, and modem—are called devices. The transfer of
information takes place between the computer and a device.

» The direction of the transfer is described from the point of
view of the computer. When the computer accepts infor-
mation from a device, the term input is used. Output applies
to information sent from the computer to a device.

 Some devices are capable of communicating in only one
direction. The keyboard can be used only to input infor-
mation, for instance, and the printer can be used only to out-
put information. Other devices, including the Datassette, disk
drive, and modem, can communicate in both directions.

o The rest of this chapter will show how to use variations of
GET, INPUT, and PRINT to communicate with all devices,
not just the keyboard and screen.

g

The OPEN and CLOSE Statements
To formally initiate communication with a device, you must
create a file which is used for the actual input/output. Creat-
ing a file informs the computer that I/O is going to be per-
formed. The file then acts as a sort of intermediary:
Information to be sent to the device is first sent to the file;
information coming from the device is first brought into the
file to be retrieved by BASIC. Like a program, a file is more of
a concept than a tangible reality.

For now, all that matters is that you realize a file is nec-
essary in order to communicate with a device, and that the
communication is done through the file. The details of how a
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file works will become clearer as you explore its function and
use.

A file is created by the OPEN statement, which has the
following syntax:

OPEN file number, device number, command number, filename

The file number, sometimes also called the logical file number,
can range from 1 to 255. Numbers greater than 127 may have
special significance and normally should not be used. The ac-
tual value is chosen by the programmer, but the most com-
mon is 1. The file number will later be used by the GET,
INPUT, and PRINT statements.

Since it’s possible for several devices to be active at the
same time, the file number is needed to distinguish one cur-
rently active file from another. For example, a program could
print a prompt on the screen, wait for a response on the key-
board, print a status message on the printer, and read in some
information from the disk. For each device that’s used, a new
file must be created with a different file number. In the ex-
ample above, the screen might have been opened as file 1, the
keyboard as file 2, the printer as file 3, and the disk as file 4.

The device number is needed to specify which device is
associated with the file. Each device is identified by its own
number.

Number Device

Keyboard
Datassette
RS-232 (modem)
Screen
Printer

,6,7 Other devices
Disk drive

As long as the file is open, the device indicated by the device
number will correspond with the file. All references to the file
will be directed to the specified device.

The command number is also called the secondary ad-
dress. It's not needed when using the keyboard or screen, and
will be discussed in a later section.

The filename is needed when working with devices such
as tape or disk drive. Like the command number, the filename
will be dealt with later. ‘

COUNBWNRO
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This leaves us with the simplest form of the OPEN
statement:

OPEN file number, device number

Here’s an example of how the statement would look in a
program.

19 OPEN 1,0

This creates a file, designated as file 1, which uses device 0,
the keyboard. To input information from file 1, the INPUT
statement can now be used. However, since there might be
several files open, to various devices, the computer will need
to know from which file the input is expected. That’s why the
file number must be included as part of the INPUT statement,
as shown by the next line.

INPUT# file number, variable list

In our example program, the INPUT statement would look
like:

20 INPUT#1,N

The # symbol is considered a part of the keyword, so no space
is allowed between the word INPUT and the symbol. A
comma must be used after the file number. Using a semicolon
causes a SYNTAX ERROR.

Add these two lines to lines 10 and 20 above, and run the
short program to see how this special form of INPUT works.

30 PRINT
49 PRINT "YOU TYPED" N

Notice that there’s no question mark printed as a prompt.
The cursor just blinks, waiting for you to enter a number.
When you type a number and press RETURN, the program
echoes it back, as you'd expect. Now run it again, but this time
enter some letters instead of a number. Instead of getting the
REDO FROM START message, the program stops with a FILE
DATA error. If you run the program once more and type two
numbers separated by a comma, you'll not get the EXTRA IG-
NORED message—instead, just the first number appears.
Also, if you examine the syntax for the new INPUT, you'll dis-
cover that no optional prompt message is allowed. As you can
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see, INPUT used with a file is different from the INPUT with
which you're already familiar.

The explanation of these differences is that the plain IN-
PUT is a special form of INPUT#. Because INPUT is always
used with the keyboard, features like prompt messages and er-
ror handling are helpful. However, since INPUT# may be
used to fetch information from a device other than the key-
board, such as a data file on tape, features like prompt mes-
sages would not be appropriate or even desirable.

Let’s try using the screen for output. Erase the old pro-
gram by typing NEW, and enter this one.

10 OPEN 1,3 : REM 3 IS FOR SCREEN
20 PRINT#1, 34

30 PRINT#1,"HAPPY BIRTHDAY"

40 PRINT#1,64,46

The # symbol is a part of the keyword, so this is one in-
stance where the abbreviation for PRINT (?) cannot be used—
you must type the full word PRINT#. As with INPUT#, a
comma is needed after the file number. This first comma does
not affect spacing. Run the program to see for yourself.

There’s no difference between using PRINT and PRINT#
when the file has been opened to the screen. If a program is
going to be printing information only to this device, there’s no
sense in using PRINT# when the normal PRINT works just as
well. The advantage in using the file method is that by chang-
ing the device number in the OPEN statement, all printing
will be directed to a different device. By simply changing the 3
in the OPEN statement to 4, the messages will be printed on
the printer instead of the screen (assuming a printer is con-
nected). Use of the printer is discussed in greater detail in the
next section.

Now let’s consider using two open files at the same time.
The next program uses file 1 for keyboard input, and file 2 for
screen output.

19 OPEN 1,0 : REM KEYBOARD

20 OPEN 2,3 : REM SCREEN

30 PRINT#2,"WHAT IS YOUR NAME?";
40 INPUT#1,N$

5@ PRINT#2

64 FOR K=1 TO 10

78 PRINT#2,N$

80 NEXT K
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Because two files are open simultaneously, different file
numbers must be used. If the second OPEN statement also
used file 1, a FILE OPEN error would occur. Use this new line
20 with the program you just ran.

20 OPEN 1,3 : REM SCREEN

The error indicates that file 1 is already in use. A number
(such as 1) cannot be used in another OPEN statement until
the file currently using that number is finished with all
input/output. At that time, the file should be closed with the
CLOSE statement, which has a very simple syntax.

CLOSE file number

The CLOSE statement formally terminates an
input/output session with a device. The file created by the
earlier OPEN no longer exists after CLOSE is executed, and
the file number is free to use in opening another file. The
following program shows how CLOSE is used.

19 OPEN 1,3 : REM SCREEN

2@ PRINT#1,"WHAT IS YOUR NAME?";
30 CLOSE 1

40 OPEN 1,7 : REM KEYBOARD

50 INPUT#1,NS$

60 CLOSE 1

70 OPEN 1,3 : REM SCREEN

80 PRINT#1

99 FOR K=1 TO 1@:PRINT#1,N$:NEXT K

If you run this, you'll not see a FILE OPEN error. That’s
because the CLOSE statement closed file 1 after it was used.

At this point you may be wondering why it’s even nec-
essary to bother with a file at all. Instead of a file number after
PRINT# and INPUT#, why not just use the device number?
The answer lies in the fact that with some devices, other infor-
mation besides a device number is needed. Input/output with
the disk or cassette requires that a filename be specified.
Entering the filename in an OPEN statement once, and then
using the corresponding file number in each subsequent
PRINT# or INPUT# statement is a lot easier than typing the
filename every time those statements are used.

Another reason is that some devices (such as the disk
drive) permit more than one file to be open at the same time.
The computer could input information from two different disk
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files. Since the device number for both these files would be 8,
just using a device number in an INPUT statement would not
be enough—the computer couldn’t tell them apart. File struc-
ture using OPEN and CLOSE provides an organized means of
communicating with all types of devices, and has proven to be
a good method for general input/output.

There are a few other errors which can appear when
using file input/output. You've already seen the FILE OPEN
error when you tried to open an already opened file. The FILE
NOT OPEN error occurs when you try to access a file that has
not been opened. You'll see this error when you run this next
program. '

14 OPEN 1,3
27 PRINT#3 : REM FILE 3 NOT OPENED YET

The NOT OUTPUT FILE error happens when an attempt
is made to output information to a device which can only
handle input, such as the keyboard. Likewise, the NOT INPUT
FILE error occurs when a program requests input from a de-
vice which is not capable of outputting information.

These kinds of errors can occur only when there is some-
thing wrong with a program’s logic. They should not happen
when the normal OPEN and CLOSE procedure is followed.
The only two errors which denote some other type of problem
are FILE DATA and DEVICE NOT PRESENT. The FILE DATA
error (described as BAD DATA in Commodore literature) oc-
curs when INPUT# is expecting a numeric value, but a string
value is received instead. In some cases it’s best to always use
string variables with INPUT#, and the VAL function to deter-
mine if the value was a number. This prevents the program
from crashing due to the FILE DATA error.

A DEVICE NOT PRESENT error appears when either the
device is not connected to the computer or it’s not turned on.
A program has no way of preventing this type of error, so you
just have to make sure that all peripherals are properly
hooked up and have power before running a program that
may use them.

A few more comments should be made about the CLOSE
statement. It's good practice for a program to use CLOSE
when it’s finished sending or receiving information. This pro-
motes good style and frees up a file for use later in the
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program. When using tape or disk files, it’s absolutely nec-
essary to use CLOSE to terminate I/0O.

A CLOSE of all files is performed as part of a CLR. Since
CLR is part of the RUN, NEW, and LOAD commands, and
also happens automatically when a program line is changed,
any of these actions will close all open files.

Summary

* The OPEN statement is used to create a file through which
input/output will be done. A file is the programming link
between the computer and a device.

e The full syntax for the OPEN statement is the keyword
OPEN, a file number, a comma, a device number, another
comma, a command number, one more comma, and then a
filename.

* The file number, also called the logical file number, is used to
distinguish one active file from another. It’s necessary be-
cause there may be several different files open at the same
time.

* The file number is chosen by the programmer and may range
from 1 to 255. File numbers greater than 127 are reserved for
special purposes. File numbering usually starts at 1.

¢ The file number will later be used in the PRINT#, GET#,
and INPUT# statements.

 The device number is used to identify the device associated
with a file.

* A file can use only one device.

e The command number, also called the secondary address, and
the filename are optional, and are covered in a later section.
* To make the INPUT statement read from a file instead of the
keyboard, use INPUT#, the file number, a comma, and then
a variable list, as in INPUT#1,N. No space is allowed be-

tween INPUT and the # symbol.

» The INPUT statement is actually a special form of INPUT#
which is always set for keyboard input.

» Features like REDO FROM START and EXTRA IGNORED
warning messages are not available with INPUT#. If IN-
PUT# is expecting a numeric variable and gets characters,
BASIC stops with a FILE DATA error. There’s no warning if
extra information is available. Also, INPUT# does not sup-
port an optional prompt string.
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» These features are useful only when input is coming from
the keyboard. Since INPUT# may get data from another de-
vice, it does not support these features.

» To make PRINT send output to a device other than the
screen, use PRINT# followed by a file number, a comma,
and then the information that is to be sent. No space is al-
lowed between PRINT and #, and the ? abbreviation cannot
be used.

» PRINT# to a file which has been opened to the screen is no
different from using PRINT.

o Attempting to communicate with a file that’s not been cre-
ated by an OPEN causes the FILE NOT OPEN error.
Attempting to open a file using a file number that is already
in use causes the FILE OPEN error.

e When the computer is finished communicating with a device
and the file is no longer needed, use the CLOSE statement to
terminate the file. The syntax for this statement is the
keyword CLOSE, followed by the file number.

* Once a file has been closed, it can be opened again for use
with a different device.

* All files are automatically closed as part of CLR.

» The NOT OUTPUT FILE error occurs when you try to use
PRINT# with a device that cannot handle output, such as the
keyboard. The NOT INPUT FILE error occurs when you try
to use INPUT# with a device that’s not capable of generating
input, such as the printer.

» The DEVICE NOT PRESENT error occurs when the com-
puter tries to communicate with a peripheral that’s either not
hooked up or not turned on.

The Printer and the CMD Statement

A printer is an important part of a complete computer system
because it can give you a permanent copy of information.
Sending program output to a printer is as easy as using two
statements.

14 OPEN 1,4 : REM PRINTER
2@ PRINT#1,"MUSIC FILE LISTING"

All information being output by PRINT#1 will be sent to
the printer. Of course, just plain PRINT will still print to the
screen.
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1@ PRINT "TURN ON THE PRINTER"
2@ PRINT "AND HIT ANY KEY"

30 GET K$:IF K$="" GOTO 30

40 OPEN 1,4 : REM PRINTER

50 PRINT#1,"MUSIC FILE LISTING"
60 PRINT "PRINTER IS WORKING"

You can also use a variable for the device number in the
OPEN statement and let the person running the program de-
cide where the information will be sent. This technique is
demonstrated by the next program.

19 INPUT "OUTPUT DEVICE NUMBER" ;DN
20 OPEN 1,DN
30 PRINT#1,"MUSIC FILE LISTING"

The program user could enter either 4 for printer output
or 3 for the screen. Using the OPEN statement like this means
that you don’t have to worry about where the printing will be
sent. You can write the program just like any other, and as
long as you use PRINT# wherever you would normally use
PRINT, it will have the ability to send output to the printer,
screen, or any other device. -

There are just a few minor differences between printing
on the screen and printing on paper. One obvious difference is
that the printer will not know what to do with special CHR$
codes which move the cursor, change the current character
color, or clear the screen. Printers usually do not have
backspacing capability and cannot erase anything that s al-
ready been printed.

A more subtle difference has to do with the print format-
ting functions, POS and TAB. Both of these depend on the
current location of the screen cursor. The POS function returns
that value, and TAB uses it to determine how many spaces the
cursor should be moved to the right. Since the screen cursor
does not move when information is sent to the printer, these
functions will not work correctly with printer output. This is
not a major inconvenience, though, because the SPC function
will still work and can be used to simulate TAB. The comma
used for far spacing and printing in columns will also work
differently for printer output.

The combination of OPEN and PRINT# can be very
powerful. Nevertheless, there are some instances when it
would be nice to send output to the printer which is not
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program-generated. For example, it would be handy to be able
to send a program listing to the printer. A program is much
easier to read and debug when you can see it on paper, rather
than just a screen at a time. For situations like this, the CMD
statement is available.

CMD file number

The CMD statement causes all output normally sent to
the screen to be sent to the designated file. This includes out-
put from normal PRINT statements, INPUT prompt messages,
disk and tape SEARCHING and LOADING messages, pro-
gram listings, and even the READY. prompt. The file must, of
course, be open when CMD is executed, or a FILE NOT OPEN
error will occur. By using CMD, you can list a program on the
printer by entering only three lines in immediate mode.

OPEN 1,4
CMD 1
LIST

This could also be used to print a disk directory. (Remem-
ber to load the directory before opening the file because LOAD
closes all open files.) Any printing that defaults to the screen
will now be sent to the file.

The syntax for CMD allows an optional comma and string
to be placed after the file number. The string will be the first
thing sent to the file when the CMD statement is executed.
This is useful for such things as titling program listings.

LOAD “POEM”
OPEN 1,4:CMD 1,"POEM":LIST

CMD does not have to be used with just the printer. It
can be used to send normal screen output to any device, such
as the modem. Remember, CMD sends the output to a file; the
device to which the information is sent depends on how the
file was opened.

CMD stays in effect until the file is closed or an error oc-
curs, in which case printing reverts back to the screen.

It's recommended that you send an empty print line before
closing a CMD file, to help the computer terminate the 1/0.

OPEN 1,4:CMD 1:REM START CMD
PRINT#1:CLOSE 1:REM STOP CMD

When CMD is used in a program, in effect it changes
every PRINT into a PRINT#. This is useful when you have a
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program which uses PRINT statements, but you want the out-
put to be sent to a device different from the screen.

You might wonder why PRINT# has to be used at all if
CMD is available. As it turns out, there are some reasons why
it's better to use PRINT#. The major reason applies when you
want your program to communicate with more than one de-
vice. If you use CMD to send output to one device and then
switch to another, output may in some cases end up going to
both. Also, CMD can sometimes turn itself off even when the
file has not been closed.

PRINT# is more reliable and is usually the better choice.
CMD is best used in the immediate mode when you want to
do something that can’t be done with PRINT#, such as listing
a program to the printer. When using CMD in a program,
make sure the program is sending output to only one device.

The remaining topics concerning the printer have to do
with special modes of operation.

The file number in OPEN should normally be in the
range 1-127. File numbers greater than 127 have a special
meaning when used with the printer, because they instruct the
computer to send a linefeed character after every carriage re-
turn. The linefeed character makes the printer advance the pa-
per one line. Most printers do this automatically when they
receive a carriage return. A printer which does not have this
feature will keep printing on the same line. If your printer
doesn’t have the automatic linefeed feature, or if it does and
you want the printer to use double-spacing, use a file number
from 128 to 255.

If you're using a Commodore printer, the third parameter
of the OPEN statement, the command number, can be used to
select a character set. When no command is specified, the
printer assumes that the command number is 0, which means
that the uppercase and graphics character set will be used.

OPEN 1,4 : REM UPPERCASE/GRAPHICS
or
OPEN 1,4,0 : REM UPPERCASE/GRAPHICS

If you want the printer to use the uppercase/lowercase
set, use 7 as the command number.

OPEN 1,4,7 : REM UPPERCASE/LOWERCASE
Remember, this applies only to Commodore printers.
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Some printers support special operations modes. These
may allow double-width printing, underlining, bold print, dif-
ferent type styles, dot graphics, and other features. They’re in-
voked after a file has been opened by sending control codes to
it. Control codes are sent as ASCII characters. For example,
the statement PRINT#1,CHR$(14) makes a Commodore
printer select the double-width mode, which means that
characters are expanded to twice their normal width. Printing
CHR$(15) turns the mode off. Other printers may use different
numbers, so consult your manual for more information.

Sometimes printers require an escape character, abbre-
viated ESC, to be sent before the control code. The ESC code
is character 27, so you would have to use PRINT#1,CHR$(27);
CHRS$(control code) to select the desired mode.

Summary

* To send program output to the printer, open a file to device 4
and use PRINT#.

* When sending output to the printer, the formatting functions
POS and TAB, and comma spacing, will not work correctly.

* To send computer-generated output (such as a program list-
ing) to the printer, open a file to device 4 and use the CMD
statement. The statement’s syntax is the keyword CMD, the
file number, and an optional comma and string.

* The file must already be open, or the FILE NOT OPEN error
will occur.

* If a string is included with the CMD statement, it will be sent
to the file. A typical use of this feature is to title a program
listing.

e When executed, CMD redirects all output that normally de-
faults to the screen to go to the file instead. This includes
output from PRINT, as well as messages generated by the
computer, such as the READY. prompt.

* CMD has no effect on printing sent to a file by PRINT#,
even if the device associated with the file is the screen.

* When CMD is being used with a device other than the key-
board or screen, it’s a good practice to send an empty print
line to the file before closing it.

* CMD stays in effect until the file is closed or an error occurs.
In either case, printing reverts back to the screen.

* It’s best to use CMD only in situations where PRINT#
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cannot be used, for it’s not always reliable. This is especially
true when the program uses multiple devices.

» File numbers greater than 127 make the computer send a
linefeed after every carriage return. This is necessary if your
printer does not automatically advance the paper. If your
printer does, use a file number from 128 to 255 for double-
spacing.

* When using a Commodore printer, the third parameter of the
OPEN statement, the command number, can be used to se-
lect a character set. Use 0 for the uppercase/graphics set,
which is the default set. Use 7 to switch to the uppercase/
lowercase character set.

» Some printers support special modes of operation, such as
double-width printing. These modes are enabled by sending
control codes to the printer, either by printing a string or by
using the CHR$ function. Sometimes a control code may
have to be preceded by the ESC (escape) character,
CHR$(27).

Files on Tape

Thus far you've probably used the Datassette only for storing
and retrieving programs. This storage and retrieval is nec-
essary because the computer can hold only one program in
memory at a time—anything in memory is erased when the
computer is turned off. It's much easier to load a program
than it is to retype it every time you want to use it!

When a program is saved to tape, it’s stored as a file
consisting of program lines. That doesn’t mean tape files can
contain only program lines. They can contain other infor-
mation, such as numbers and character strings, just as easily.
Just as a program is lost when the computer is turned off, so is
the data maintained by that program. You may want a pro-
gram to save this data to tape for future reference.

An example is a word processing program which saves a
document on tape for later changes and reprinting. Or a game
might maintain a high-score file that would have to be peri-
odically updated. A mailing list program is of little value if it
can’t save the names and addresses on tape or disk. A long
and complex adventure game may have an option to stop play
and continue later, in which case the current character status
would have to be saved. These are all excellent applications of
data files on tape.
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The Datassette differs from other devices such as the key-
board and printer, since it can be used for both input and out-
put. However, the Datassette can handle only one direction at
a time, because the user controls the pressing of the RECORD
button. So the direction has to be specified by the program
when the file is opened. Another aspect of tape I/0 is that
filenames can be used. Both of these things can be handled by
the OPEN statement.

OPEN file number, device number, command number, filename

This is the complete syntax of OPEN. The file number can
range from 1 to 127. The device number for the Datassette is
1, which is the default value if none is specified. The com-
mand number tells the direction.

Number Command

0 Input (read from Datassette)
1 Output (write to Datassette)

If no command number is given, the computer opens the file
for input.

Finally, a filename, up to 16 characters long, can be speci-
fied. As when saving a program, a filename does not have to
be specified. However, if none is given when opening a file for
output, none can be specified when the file is later opened for
input.

Here’s an example of a file being opened for tape output.
OPEN 1,1,1,“TAPE FILE”

The file can later be opened for input by the following
statement. :

OPEN 1,1,0,“TAPE FILE”

Let’s examine just how the information is stored and re-
trieved. The following program creates a tape file containing
two items of information.

10 REM GAME HI SCORE DEMONSTRATION

20 N$="CHRIS":SC=12345

30 OPEN 1,1,1,"HI SCORE":REM TAPE OUTPUT
40 PRINT#1,N$:REM NAME

50 PRINT#1,SC:REM SCORE

60 CLOSE 1

79 END
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When this program ends, a new file exists on tape. You
can’t load it as a program, but its contents can be retrieved by
a program like this:

10 REM GAME HI SCORE DEMONSTRATION

2@ OPEN 1,1,0,"HI SCORE":REM TAPE INPUT
39 INPUT#1,N$,SC:REM NAME AND SCORE

49 CLOSE 1

5@ PRINT N$ " HAD A HIGH SCORE OF" SC
6@ END

This is a rather simple example, but even so, it dem-
onstrates a couple of important things. First, notice that the
program which created the tape file used two PRINT# state-
ments, instead of only one followed by a variable list. To
understand why, let’s consider exactly what'’s stored on the
tape when PRINT# is used.

The first PRINT# writes the character string “CHRIS” to
the file. Then, because there is no comma or semicolon at the
end of the statement, a carriage return is written to the file. A
carriage return is character 13, or CHR$(13). The second
PRINT# writes the number 12345 to the file. Because BASIC
prints positive numbers with one leading space and one trail-
ing space, a total of seven characters will be written. The
CHR$(13) for the second PRINT# would be the last character.
The resulting file could be represented like this:

CHRISCHR$(13)(space)12345(space)CHR$(13)

Think of what happens when you use PRINT to print two
values. The statement PRINT N$,SC will print the name
CHRIS, then print a few spaces because of the comma, print
the number 12345, and finally print the ending CHR$(13).
Only one carriage return has been printed, but a lot of extra
spaces have been inserted. This kind of file could be repre-
sented as follows:

CHRIS(several spaces)(another space)12345(space)CHR$(13)

Now think of what happens when INPUT is used to get
two values. The statement INPUT N$,SC waits for the charac-
ters to be entered, then waits for either a comma or a carriage
return, and finally waits for a number. (Remember that if you
type only one value and press RETURN, the computer will
print a ?? prompt and wait for the second value.) The same is
true for PRINT# and INPUT#. The statement INPUT#1,N$,SC
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expects either a comma or a CHR$(13) between the two val-
ues. The problem is that when the two values are printed with
PRINT#1,N$,SC there won’t be a comma or carriage return
between the two values, just a whole lot of spaces. Here’s
what will happen:

1. INPUT#1,N$,SC will read all the characters up to the first
CHR$(13) or comma. This means that N$ would be as-
signed the value “CHRIS 12345.”

2. INPUT#1,N$,SC will then try to read a number to assign to
SC. But since there’s nothing more in the file, BASIC will
stop with an error.

The description of the problem may be long, but the solu-
tion is simple. Either avoid using a variable list after PRINT#
or put a CHR$(13) between each item. Each of the examples
below sends the same characters to the file.

PRINT#1,N$:PRINT#1,SC (original example)

PRINT#1,N$;CHR$(13);SC
or

PRINT#1,N$ CHR$(13) SC

If you have a long list, it may be easier to assign the
CHR$(13) to a string and use the string between each item,
like this:

CR$=CHRS$(13):PRINT#1,N$ CR$ SC CR$ A$ CR$ B$ CR$ C

These values can be retrieved by INPUT#1,N$,SC,A$,B$,C
without any trouble.

The preceding examples have illustrated one other im-
portant point. The program reading the file must know how
many values are to be read. An error such as STRING TOO
LONG will occur when a program tries to read more data than
is contained in a file. Furthermore, the program must know
the order in which the values were written. If the first pro-
gram had written the values with PRINT#1,SC:PRINT#1,N$
and the second program read them with INPUT#1,N$,SC (the
variables are switched), there would definitely be a problem.
The INPUT# would read the digits and assign *“ 12345 " to
N$, and then stop with a FILE DATA error when it tried to
read a number for SC and found characters instead.

In some cases, such as a game which keeps track of the
top ten scores, the number of items never changes. However,
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other files, like those maintained by a telephone directory pro-
gram, may change size. How to know when to stop requesting
input will be dealt with first.

There are three methods you can use to avoid running off
the end of a file. One is to have the first item in the file, a
number, indicate how many values follow. The example pro-
grams below use this technique. The first writes the names
and scores to tape, while the second reads them from tape and
displays them on the screen. Type in the first and run it; then
enter the second and run it. (You need to rewind the tape to
the beginning of the first file before pressing PLAY.)

160 OPEN 1,1,1,"HI SCORES"

110 PRINT#1,3:REM ITEM COUNT

129 PRINT#1,"BOB" CHR$(13) 14000
130 PRINT#1,"KEVIN" CHR$(13) 12000
149 PRINT#1,"ERIC" CHR$(13) 11000
150 CLOSE 1

168 END

169 OPEN 1,1,0,"HI SCORES"
110 INPUT#1,N:REM ITEM COUNT
120 FOR K=1 TO N

139 INPUT#1,N$,SC

140 PRINT NS$,SC

150 NEXT K

160 CLOSE 1

170 END

(These programs only demonstrate the method, and are not in-
tended to be practical applications.)

In some cases, a program may not know how many val-
ues will eventually be printed when the file is opened. Since
no length number can be printed at the beginning of the file,
the program must have another way to detect the file’s end.
This is similar to the problem of indicating the end of values
read from DATA statements. You can use the same trick here
as you would with READ and DATA—a flag. This write-and-
read example uses END as a flag. Enter the first and run it;
then type in and run the second.
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109 OPEN 1,1,1,"HI SCORES"

118 PRINT#1, "MARK" CHR$(13) 504

120 PRINT#1,"JEAN" CHR$(13) 915

130 PRINT#1, "MARYBETH" CHR$(13) 412
140 PRINT#1,"KEN" CHR$(13) 755

158 PRINT#1l,"END" CHR$(13) @

160 CLOSE 1

176 END

104 OPEN 1,1,4,"HI SCORES"

1190 INPUT#1,N$,SC

120 IF N$<>"END" THEN PRINT N$,SC:GOTO 110
139 CLOSE 1

140 END

The third method is to have the program monitor the
value of ST, a reserved variable which holds status infor-
mation. ST usually holds zero, but may contain another value
when an error occurs or something important has happened.
Bit 6 of ST will be set when the end of a file has been
reached. The value associated with bit 6 is 64, so when a pro-
gram sees that ST has the value 64 (or any nonzero value), it
can stop requesting input. Take a look at this example for the
technique’s application. Enter and run these short programs as
you did with the previous write/read samples.

160 OPEN 1,1,1,"HI SCORES"

110 PRINT#1, "MATTHEW" CHR$(13) 9
120 PRINT#1,"ANDREA" CHR$(13) 10
130 PRINT#1,"TODD" CHR$(13) 9
140 PRINT#1,"JEFFREY" CHR$(13) 8
150 CLOSE 1

168 END

140 OPEN 1,1,0,"HI SCORES"
114 INPUT#1,N$,SC

120 PRINT N§,SC

136 IF ST=0 GOTO 110

140 CLOSE 1

150 END

Notice that the end-of-file check was done before the
printing in the previous method, but is done after the printing
here.

Getting the correct values into the correct variables is
simply a matter of taking care when writing the program.
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Make sure that the variables in the PRINT# and INPUT#
statements line up. The only thing that can cause trouble is
when a null string is printed by PRINT#. The INPUT# state-
ment will skip past a null string and read the next value
instead.

For instance, the second program stops with an error at
line 130.

109 N1$="GAIL":N3$="MAX":REM MISSING N2$
119 OPEN 1,1,1,"TAPE FILE"

120 PRINT#1,N1$

130 PRINT#1,N2$

140 PRINT#1,N3$

150 CLOSE 1

168 END

190 OPEN 1,1,0,"TAPE FILE"
114 INPUT#1,N1$:PRINT N1§
120 INPUT#1,N2$:PRINT N2§
139 INPUT#1,N3$:PRINT N3§
149 CLOSE 1

150 END

The program stopped because the null string was ig-
nored—thus, N2$ was assigned the value intended for N3$.
When INPUT# went looking for N3$, the file was empty. To
avoid this potential pitfall, never print a null string. If you
want INPUT# to retrieve a null string, have PRINT# print a
space. INPUT# will not ignore the space, but when assigning
the string variable, it will skip past all leading spaces. The ef-
fect is that the variable is assigned a null string.

An advanced feature of tape files is to use a command
number of 2 in the OPEN statement. This has the same effect
as using command 1, and prepares the file for output. The dif-
ference is that when the file is closed, it will be specially
marked to indicate that it’s the last file on the tape. This guar-
antees that when searching for a tape file, the computer will
not look past the last file. Instead, the computer stops with a
DEVICE NOT PRESENT error, which is equivalent to FILE
NOT FOUND on the disk drive.

The direction of a tape file cannot be changed as long as
it’s open. If a tape file is opened for input and PRINT# is
used, the NOT OUTPUT FILE error occurs. Likewise, the NOT
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INPUT FILE error appears when INPUT# is used with a file
that has been opened for output.

Before ending this section, it would be a good idea to
stress the importance of using CLOSE. This statement is not so
important when working with the keyboard or screen, but it’s
required when using tape or disk files. The Datassette can read
only one file at a time. If a tape file opened for input is not
closed, no other files can be opened until CLOSE is executed.

Much worse is when a CLOSE is accidentally omitted for
a tape file that has been used for output. It's possible that
some of the data will not be sent if the CLOSE is not per-
formed. The file will be incomplete and the data lost—a pro-
gram which later opens the file for input will be able to read
only the first part, and may even crash because of an error.

In other words, a program should always perform CLOSE
when communication with a tape file is completed.

Summary

* A tape file is not limited to storing only the lines of a pro-
gram. Tape files can also contain data, in the form of num-
bers and strings, which can be used by a program.

* The Datassette can be used for both input and output, but
can handle only one direction at a time. The direction (input
or output) must be specified when the file is opened.

* Opening a tape file uses the full syntax of the OPEN state-
ment: OPEN file number, device number, command number,
filename.

* The device number for the Datassette is 1.

* A command number of 0 opens the file for input; 1 opens
the file for output. Using 2 also opens the file for output, but
marks the file as the last on the tape when it’s closed. The
command number is optional—by default, the file will be
opened for input.

* A filename is optional but recommended. If none is specified
when the file is created, none can later be used when the file
is opened for reading.

* It's a good idea not to use a variable list after PRINT#. Com-
mas in PRINT statements are used to format the screen dis-
play into columns, which is not necessary with tape files.
Instead, output the items one at a time so that a carriage re-
turn will be printed after each. If you do use a variable list,
print a CHR$(13) between each item.
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« It is acceptable to use a variable list with INPUT#.

* A program should input variables in the same order they
were written.

 The FILE DATA error occurs when a program tries to read
character data into a numeric variable.

o If a program is expecting a string variable and a number is
read instead, the string representation of the number, like
that produced by the STR$ function, will be assigned to the
variable.

* An error such as STRING TOO LONG appears when a pro-
gram tries to read more information from a file than was
written in the first place.

* There are three methods to avoid reading more data than ex-
ists in a file. One way is to use the first number to indicate
how many items are in the file. This number can then be
used to control a loop which reads the data.

* The other two methods work by detecting the end of the file
while it’s read. One way, often used with READ and DATA
statements, is to use a flag, such as the word END or the
number —999, as the last item written to the file.

* The third method is to stop when bit 6 of the status variable
(ST) is set. ST has a value of 64 when the end of the file is
reached, and has other nonzero values when I/O errors
occur.

» INPUT# ignores null strings. If it reads a null string, it goes
to the next item. To print a string so that it will be read as a
null, print a single space.

« It's very important that CLOSE be executed when the com-
puter is finished communicating with a tape file. An output
file may not be written completely if this is not done.

« Only one file can be opened to the Datassette at a time.
Once a file has been opened, its direction (input or output)
cannot be changed.

o If a file is opened for input and PRINT# is used, the NOT
OUTPUT FILE error occurs. If a file is opened for output and
INPUT# is used, the NOT INPUT FILE error will occur.

Disk Files

The type of file just described for cassette is often referred to
as a sequential file, one in which the information can be read
back only in the order it was written. It’s not possible to re-
read just one item in the file; you have to use OPEN again
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and start at the beginning. With a sequential file it’s also not
possible to skip some items to read one later on. If a file has
just been opened and you want to read only its last item, you
have to read past all the other items first.

Sequential files are the simplest and most commonly used
type of file. They are well-suited to the Datassette, because the
computer cannot control the REWIND and F.FWD buttons.
The nature of tape means that the Datassette can handle only
sequential files.

But sequential files can also be used with the disk drive.
There are a couple of differences in the OPEN statement, but
otherwise the procedure is the same.

OPEN file number, device number, secondary address, string

Any file number from 1 to 127 is acceptable. The device
number for the disk drive is usually 8, although it can be
changed to 9 when a second drive is used. The command
number, also called the secondary address, serves a different
purpose when using disk files. It will be explained in a mo-
ment. For now, just use 2. The string is required, and indicates
the filename, type of file, and direction. The filename can be
up to 16 characters, and is sometimes followed by the type of
file (indicated by an S representing sequential) and perhaps a
letter R or W, reading or writing. Commas are necessary to
separate the filename, the type, and the direction. You must
specify the type of file if you're writing to the disk—if you're
only reading the file, you can omit the S designation. If no
direction is indicated, the computer will open the file for read-
ing. Here are some examples.

OPEN 1,8,2,“DOODLE,R” : REM READING, NO TYPE NEEDED
OPEN 1,8,2,“POEM,S,W” : REM WRITING, TYPE SPECIFIED
OPEN 1,8,2,“GAME"” : REM READING ASSUMED

With minor changes, the high-score demonstration from
the “Files on Tape” section can be used with a disk file. Type
in both programs below. Load and run the first (make sure
there’s a disk in the drive). This creates a sequential file on
disk. Now load and run the second. It reads the file from disk
and displays the items on the screen.

109 OPEN 1,8,2,"HI SCORES,S,W"
119 PRINT#1,"KEVIN" CHR$(13) 89
120 PRINT#1, "CHRISTINE" CHR$(13) 90
130 PRINT#1, "ALISDAIR" CHR$(13) 91
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149 PRINT#1,"LISA" CHR$(13) 87
150 CLOSE 1
160 END

100 OPEN 1,8,2,"HI SCORES"
119 INPUT#1,N$,SC

120 PRINT N$,SC

138 IF ST=@¢ GOTO 118

140 CLOSE 1

150 END

Examine the directory of the disk you just used. You'll no-
tice that beside the filename HI SCORES is a three-letter code,
normally PRG for a program file, but now SEQ. This is to re-
mind you that it’s a sequential file, contains data, and should
not be loaded as a program.

The method of reading and writing a sequential file is
pretty much the same for both tape and disk. A major dif-
ference between these two devices, though, is in the number
of files that can be open at one time. While the Datassette can
read or write only one file at a time, the disk drive can handle
several files simultaneously. Files 1 and 2 could be open for
reading, while file 3 would be open for writing. The only
restriction when using multiple disk files is that each file must
have a different secondary address. Secondary address num-
bers can range from 2 to 14.

109 REM PAYROLL PROGRAM

114 OPEN 1,8,2,"EMPLOYEES, R"
120 OPEN 2,8,3,"HOURS,R"

130 OPEN 3,8,4,"PAYCHECKS,S,W"

This program might read an employee’s name and Social
Security number from the first file, get the hours and wage
information from the second, do whatever processing is nec-
essary, and then send the results to the third. This last file
would be used later to print paychecks. The example may not
be practical, but it does illustrate how several disk files can be
managed. Most applications don’t require as many files open
at the same time.

Another capability of the disk drive is that it can allow
two open files to read from the same disk file.

100 OPEN 1,8,2,"WEATHER DATA"
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(later in the program, when file 1 may still be open)
650 OPEN 2,8,3,"WEATHER DATA"

This will not work when a disk file is written. Once a disk
file has been opened for output, it cannot be opened by a dif-
ferent file number for either input or output until it’s closed.

A complication when using multiple files is that the status
variable (ST) must serve for all files. ST always reflects the sta-
tus of the most recently accessed file. This means that if a pro-
gram reads from file 1, then from file 2, ST indicates the status
of file 2—file 1’s status information is lost. The solution is to
assign ST to a temporary variable before accessing file 2. This
variable can then be used to determine the first file’s status.
This next program illustrates the procedure.

109 REM READ ONE FILE TO ANOTHER

119 OPEN 1,8,2, "SOURCE,R" '

120 OPEN 2,8,3,"DESTINATION,S,W"

139 INPUT#1,S$

148 A=ST

150 PRINT#2,S$

160 IF A=@ GOTO 134 :REM BASED ON FILE 1 STATUS
170 CLOSE 1

180 CLOSE 2

190 END

There’s another problem that you'll encounter when a
disk file must be periodically updated. A file which maintains
high scores, for instance, may be read when a game is finished
to compare the current score against the high score. If the
player did well and the high score file has to be modified, the
old file has to be erased and a new one written using the same
filename. This poses no problem with tape files since the tape
can be positioned to start at the beginning of the old file. The
disk drive, however, won't let you write a file with a filename
already in use. A different solution must be found.

Secondary addresses from 2 to 14 are available for normal
disk file handling. Addresses 0 and 1 are reserved for LOAD
and SAVE format files. The number 15 is used to send com-
mands to the disk drive. One of these commands is called
Scratch, and informs the drive that it should erase a file on
the disk. For example, the file “POEM” could be erased by
entering this line in immediate mode.

OPEN 1,8,15:PRINT#1,“S0:POEM”:CLOSE 1
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This is one case where no string has to be included as
part of the OPEN statement. The secondary address (15) in-
dicates that the command channel will be referenced, so no
filename or type of file is needed. The command is sent as a
one-letter code, followed by a zero for the drive number, a
colon, and then the filename. You can also scratch files with
this procedure from within a program.

If a program is going to open a disk file for output, and
there’s a chance the filename may already exist, the program
should first send the Scratch command. (No error occurs if an
attempt to scratch a nonexistent file is made.) Here’s an ex-

ample of scratching a file before writing a revised version of it
to disk.

194 OPEN 1,8,15

110 PRINT#1,"S@:HI SCORES"

120 CLOSE 1

130 OPEN 1,8,2,"HI SCORES,S,W"

140 REM CONTINUE WITH REST OF PROGRAM

Perhaps you've used the at (@) character to save and re-
place a file. Assuming there’s a file on disk named GAME, the
statement SAVE “@0:GAME",8 scratches the old file GAME,
then saves the current BASIC program using that filename.
This replaces the file on the disk with the one in memory.

Do not use the @ character. This feature may not always
work correctly. In some cases, the disk drive may even tamper
with other files on the disk. Even though using the @ charac-
ter to save and replace may seem very convenient, my advice
is to avoid it. Use the Scratch (S0:) method instead.

Other useful disk drive commands are New, Rename,
and Validate. New is used to format a disk and clear its direc-
tory. The full format of the command is “NO:diskname, identi-
fication”, where the disk name is up to 16 characters and the
disk identification 2 characters long. Make sure that no two
disks are given the same disk identification. This precaution
insures that there’s no confusion between the source and
destination disks when copying files from one to the other.

If the identification is omitted, all the files will be erased
and the new disk name will be used, but the disk will not be
reformatted. This can come in handy when you want to use
the disk for a new project, but it’s already been formatted.
Formatting really needs to be done just once. Skipping the
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process saves time. Take a look at the following lines; they
show how to format a disk, as well as how to create a new
directory only.

OPEN 1,8,15

PRINT#1,“N0:GAMES,01” (format disk and create new directory)
or

PRINT#1,"N0:GAMES” (create new directory only)

CLOSE 1

Rename lets you change the name of a file without
disturbing its contents. Here’s the proper syntax:

PRINT#1,“R0:new filename = old filename”

This example shows how a file named DOODLE can be
renamed as POEM (assuming the OPEN has already been
executed).

PRINT#1,”RO:POEM=DOODLE"

When using Rename, make sure the new filename is not
already in use on the disk.

Validate is used to recalculate the number of free blocks
on a disk. If some blocks have been allocated for files, but
have not been used, they’ll be made available after the Vali-
date command is sent. This command also deletes any files
which were never properly closed. Such files are marked in
the directory with an asterisk (*) before the three-letter file
type. Validate does not alter any properly closed files. If you
validate periodically, you may be able to get a few more free
blocks, letting you squeeze more on the disk.

The secondary address of 15 refers to the command chan-
nel when PRINT# is used. INPUT# can be used with this
channel to get error messages. However, BASIC reports only a
few I1/0O error messages, such as FILE NOT FOUND and DE-
VICE NOT PRESENT. When an error occurs, the disk drive
can provide more information if you run the following short
program.

10 OPEN 1,8,15
20 INPUT#1,A,B$,C,D
30 CLOSE 1
4@ PRINT A;B$;C;D
Normally, the message 0 OK 0 0 will appear, indicating all is
well.
If you tried to save a program using a filename already in

63



Chapter 3

use, BASIC would not print an error message, but the drive
light would flash. Run the above program, and you'll see the
message 63 FILE EXISTS 0 0. Error number 63 tells you that
an attempt was made to create a new disk file with an existing
filename. Other error numbers and their descriptions can be
found in the disk drive user’s manual.

(The status numbers returned in variables C and D are for
advanced applications, and can be ignored.)

There are a couple of differences between normal disk
files (which use secondary addresses 2-14) and a file opened
to the command/error channel (secondary address of 15). No
direction is specified when the file is opened, and it’s possible
to use both PRINT# and INPUT# without having to close and
reopen the file.

The other difference is that when the command/error
channel is closed, the disk drive closes all the other disk files
as well. BASIC may think that the files are still open, but an
error will occur when the program tries to read from them.
Thus, if a program is going to use the command/error channel
while other disk files are open, it’s best to open the channel
during initialization and leave it open until the program ends.
Many people set aside file 15 for this purpose.

Sometimes it would be handy if a program could read the
disk directory. This is easy to do, but several things must be
done differently. First, the OPEN statement should use “$0:”
(or just “$”) as the filename. Also, because of the structure of
the directory file, INPUT# cannot be used. The file has to be
read a character at a time. Fortunately, this can be done by the
GET# statement.

GET#'s syntax is the keyword GET#, followed by a file
number, a comma, and then a variable list. Something like
GET#1,A$ retrieves the next character from the file and as-
signs it to A$. Only string variables should be used with
GET# to avoid the FILE DATA error.

The following demonstration shows how to read a
sequential file character by character.

10 OPEN 1,8,2,"HI SCORES"
20 GET#1,A$:PRINT AS$;:IF ST=0 GOTO 20
30 CLOSE 1

The directory file contains characters for block lengths
and filenames. The first two characters in the file can be ig-
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nored. The first line in the file is the directory header, giving
the disk name, identification, and DOS (Disk Operating Sys-
tem) version. Several lines follow, one for each entry. Again,
the first two characters of each line can be ignored. The next
two form the low-byte and high-byte number which indicates
the file’s block length. A few spaces precede the opening
quotation mark, which begins the filename. After the filename
and the closing quotation mark, there are several more spaces
and then the three-letter file type. Each line ends with a
CHR$(0), interpreted by GET# as a null string. This format re-
peats for each line in the directory. The block length for the
last line shows the number of free blocks on the disk, with the
filename BLOCKS FREE.

The end of the directory file is detected by checking ST
after reading the block length. This program illustrates how
it's done.

Program 3-1. Directory Reader

For error-free program entry, be sure to use “The Automatic Proofreader,” Appendix D.

19 OPEN 1,8,0,"$":GET#1,S$,S$ srem 204
20 GET#1,S$,S$,L$,HS:IF ST THEN CLOSE 1l:END

srem 103
30 PRINT ASC(LS+CHRS(0Q))+256*ASC(HS+CHRS$(d));

srem 163
40 GET#1,S$:IF S$>"" THEN PRINT S$; :GOTO 4@:rem 66
53 PRINT:GOTO 20 srem 199

The directory file can only be read and cannot be opened for
output.

A handy trick with reading the directory is to put a
filename after the $0:, as in “$0:POEM". This makes the disk
drive search the directory for the filename POEM and list it if
it’s on the disk. If there’s no file named POEM, there’ll be no
directory lines read after the header. This is useful when you
want a program to check if a file already exists. If the directory
is opened with the filename after the $0: and no filename lines
are read, the file isn’t on the disk.

A variation on this technique is to use wild cards in the
filename. If you use a question mark (?) as one of the charac-
ters in the filename, the disk drive will ignore that character
position when searching for filenames. Let’s say a disk con-
tains the following files.
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DOODLE
GAMEIPLAYER
GAME2PLAYER
POEM
GMINUET
AMINUET
SONATA1
SONATA22
SONATINA1
SONATINA3
DMINUET

Using the string “$0:?MINUET"” would read only the three
minuet files, since the ? forces the disk to ignore the G, A, and
D characters in the files. If you used the string
“$0:GAME?PLAYER"”, both GAME1PLAYER and
GAME2PLAYER would be read. If necessary, several question
marks can be used in the same filename.

A second wild card is the asterisk (*). While the question
mark can take the place of only one character, the asterisk can
be substituted for several. An asterisk at the end of a filename
makes the disk drive search for all filenames which begin with
the letters up to the asterisk. All characters at the position of
the asterisk and after are ignored.

In the example directory, if “$0:SON*" were used as the
filename, all files starting with the letters SON would be re-
turned in the directory, four altogether. With “$0:SONATA*”,
only the filenames SONATA1 and SONATA22 would be read.

A combination of the ? and * wild card characters can be
used in the same filename.

When loading a program or opening a file for reading,
wild cards within the filename make the computer access the
first file on the disk which matches. This can come in handy if
you can’t remember or don’t want to type the full name of a
program. LOAD “PROG*”,8, for instance, loads the first
filename on the disk which has PROG as its first four
characters.

Wild cards can be very powerful if you choose filenames
to accommodate them. Just be careful that the filenames ref-
erenced with wild cards are the ones you wanted. This is
especially true when using wild cards with the Scratch com-
mand. It’s quite easy to erase too many files—more filenames
may fit the wild card pattern than expected. In fact, it may be
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best to avoid using wild cards with Scratch. At least check
which files will be scratched beforehand by reading the direc-
tory with the wild card pattern.

As you've seen, sequential files are identified in the direc- -
tory by the letters SEQ. The disk drive also supports another
three-letter code, USR, for the same type of file. A USR file is
handled just like a sequential file; the only difference is in the
directory listing. Since some system utilities such as the Editor
use SEQ files, you may want to use the USR type in your pro-
grams to help distinguish program data files from system files.

The full syntax for the string in the disk OPEN statement
is:
filename, optional type, optional mode

The type can be SEQ, USR, PRG, or REL. These last two
types will be discussed in a moment. If no type is specified,
the default SEQ is used. (Remember that the type is not op-
tional if you're writing. It must be included.) The mode tells
the direction, and can be Read or Write. Default is Read.

Both the type and mode permit single-letter abbreviations;
the type can be designated by S, U, P, or R, and the mode can
be R or W. A file identified by the letters USR in the directory
could be opened for output with:

OPEN 1,8,2,“"HIGH SCORES,U,W”

From there, the handling would be just as if the file were of
the type SEQ.

File type PRG is reserved for programs stored and re-
trieved using the SAVE and LOAD commands. It’s possible to
open these files and read them, but the reading has to be done
one character at a time. Another problem is that due to the
way the program is stored, the file may contain several non-
printing characters. The best way to examine a program file is
to print the ASCII value of each character with something like
this routine.

1@ OPEN 1,8,2,"PROGRAM,P":REM DEFAULTS TO READING
20 GET#1,S$

3¢ PRINT ASC(S$+CHR$(9))

40 IF ST=0 GOTO 20

50 CLOSE 1

The +CHR$(0) in the ASC function (line 30 above) is
needed because the file may contain several CHR$(0) charac-
ters. A CHR$(0) is interpreted by GET# as a null string, which
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when used as the argument of the ASC function makes BASIC
stop with an error. This can be averted by appending a
CHR$(0) to the argument. If the string does contain characters,
the extra CHR$(0) at the end won't affect the ASC function
because ASC looks only at the first character. If the string is
null, it becomes CHR$(0), which makes ASC return the 0, the
correct value.

Reading a PRG file is useful only for advanced applica-
tions, such as programs which search for all variable names in
a program, renumber a program, or compact a program by
removing extra spaces and combining lines.

The one remaining type of file supported by the disk
drive is the REL, or relative, file. Unlike a sequential file, this
type of file makes it possible to back up to an earlier part of
the file without having to use OPEN again, and to skip past
items in the file without reading or writing them. A relative
file is also known as a random access file because the reading
or writing of items can be done arbitrarily, without having to
follow any order.

Such a file structure is useful when a file contains several
entries, only a few of which may have to be changed at any
time. If it's necessary to read an account for a customer near
the end of the file, and update the account of a customer near
the beginning, these read and write operations can be per-
formed quickly without disturbing the rest. REL files make it
easy to handle large amounts of information. In fact, it's pos-
sible for a REL file to contain more data than could be held in
memory at one time.

Unfortunately, Commodore 64 BASIC does not directly
support relative files; it's a very complicated subject, far be-
yond even the nature of these discussions of advanced BASIC.

Summary

* In a sequential file, data must be read in the same order as it
was written. It's not possible for reading to back up or skip
ahead.

« With a few changes to the OPEN statement, sequential files
can be used with disks. The syntax to open a disk file is
OPEN file number, device number, secondary address, string.

« File numbers should range from 1 to 127. The device number
for the disk drive is usually 8, but can be 9. Secondary ad-
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dresses 0 and 1 are reserved for use by the LOAD and SAVE
commands. The numbers 2-14 are used for data files. Each
open file must have a different secondary address. A second-
ary address of 15 is used to access the command and error
channel of the disk drive.
The string consists of a filename, a file type, and a direction.
The filename is required and can be up to 16 characters. The
file type is optional when reading, mandatory when writing.
File type can be SEQ, USR, PRG, or REL (abbreviated as S,
U, P, and R, respectively). If no file type is specified, SEQ is
assumed. The direction is optional, and can be reading or
writing (or R or W). If no direction is given, the file is
opened for reading.
Unlike the Datassette, several different files can be opened to
the disk drive simultaneously. Some can be set for input,
others for output.
» Two or more files can be opened for input from the same
disk file at the same time. However, once a disk file has been
opened for output, it cannot be read or written by any other
file until it is closed.
The disk drive command and error channel is accessed by
opening a file with a secondary address of 15 and no string,
as in OPEN 1,8,15. No filename or direction has to be
specified.
While the file is open, PRINT# can be used to send com-
mands to the drive, and INPUT# can be used to get status
information. Unlike normal disk files, the file does not have
to be closed and reopened to switch between input and
output.
The Scratch command is used to erase one or more files on a
disk. The command string is ““SO0:filename”. The S represents
the Scratch command, the 0 is the drive number, and the
filename indicates which file is to be erased. If the filename
contains wild card characters, more than one file may be erased.
* Do not use the @ character in the filename of an OPEN or
SAVE to replace and save a file on a disk. This feature is not
reliable and can damage the contents of a disk.
» The New command is used to format a disk and clear the
directory. The command string is “NO:diskname,id”.
* The Rename command is used to change the name of a file.
The command string is “RO0:new filename=old filename". The
contents of the file are not altered in any way.
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* Validate is used to make previously allocated blocks not used
by files available on the disk. Files that were never properly
closed (indicated by an asterisk before the file type) will be
erased. Properly closed files will be left alone. After the disk
has been validated, there may be a few more free blocks.

* BASIC reports only the errors FILE NOT FOUND and
DEVICE NOT PRESENT, and sometimes doesn’t report an
error at all. A flashing light on the disk drive may be the
only clue that an error has occurred. More specific error
messages are available from the disk drive. Assuming that

- file 1 has been opened to the error channel, the statement
INPUT#1,A,B%,C,D will read the error number into A, the
error message into B$, and other values for advanced
applications into C and D. When no error has occurred, the
error channel will return the values 0, OK, 0, 0.

» The GET# statement is used to input single characters from a
file. The syntax is the keyword GET#, the file number, a
comma, and a variable list. Only string variables should be
used with GET#.

e The directory can be read by a program by using OPEN with
the filename “$0:” and no file type or direction. The format
of the directory file requires that it be read one character at a
time, using GET#.

* The directory file will contain all the filenames on the disk
when the string used with OPEN is $0:. To make the disk
drive search for a specific filename in the directory, put the
filename at the end of the string, as in “$0:DOODLE". The
corresponding filename line will be read if the file exists. If
not, the directory file will contain only the disk header and
free blocks lines.

e The wild card characters (? and *) can be used in the
filename after $0: to list all filenames which match a certain
pattern.

» When wild cards are used with LOAD or OPEN for input,
the computer will access the first file on the disk that has a
filename matching the wild card pattern.

» The file type USR is identical to the file type SEQ. The dif-
ferent name can be useful to help distinguish between
sequential files used for different purposes.

* The file type PRG is used for LOAD and SAVE type files,
including BASIC and machine language programs. In ad-
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vanced applications, a PRG file can be read or written one
character at a time.

e Another type of file is the relative file, identified as REL. In a
relative file, reading or writing can jump back or ahead. No
particular order must be followed. Relative files, although
supported by the disk drive, are not supported by Com-
modore 64 BASIC.

The Modem and Other RS-232 Devices

RS-232 refers to an agreement among manufacturers of elec-
tronic equipment (Electronic Industries Association) which de-
fines how devices communicate. Its specifications include such
things as power levels, which connector pins serve which
functions, and so on. This insures that products from different
manufacturers will be more or less compatible. Like ASCI], it’s
one of the few standards in the computer industry.

The RS-232 standard applies to serial communication. The
usual method of transfer is parallel communication, in which
information is sent a byte at a time. All eight bits of each byte
are sent simultaneously. In serial communication, however,
information is sent a bit at a time. To send a full byte, the
eight bits have to be sent separately, one after another. De-
vices which communicate serially include modems and some
printers.

A modem converts bits into tones which can be sent over
telephone lines to another computer. The receiving computer
must also be connected to a modem, which then converts the

.tones back into bits. The general term for this is telecommuni-
cations. The process of changing bits into tones is called
modulation, and the process of converting the tones back into
bits is called demodulation. In fact, the word modem is derived
from the words MOdulate and DEModulate.

In telecommunications, transmit is often used to mean
send. The modem is different from most other devices because
it can both transmit and receive information at the same time.
But a computer can handle only one character at a time. If a
character comes in while the computer is busy sending an-
other, the computer must remember that incoming character
and deal with it later. It’s also possible for the computer to
output characters faster than the modem can transmit them.
To avoid losing incoming characters or to hold outgoing
characters until the modem can take them, a buffer has to be
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used. A buffer is a temporary holding place for characters.
When using the modem, the computer needs two buffers, one
for input and another for output.

To better understand the concept of a buffer, let’s consider

an example using an input buffer. Characters received are first
stored in the input buffer, in the order in which they are re-
ceived. Every time GET# executes, it retrieves the next charac-
ter from the buffer. If the buffer is empty, GET# returns with
the null string. The process could be illustrated like this:

Figure 3-1. Buffer

Modem wsmpe- Input =m=ie Get#
Buffer

Print# = Qutput =—=is- Modem
Buffer

The following steps show how the method might work in

practice.

1. The buffer starts out empty.

2. The modem receives an M character and places it in the
buffer.
M____

3. The GET# statement retrieves the first character from the
buffer (M). The buffer is emptied.

4. The modem receives the character A and places it in the
buffer.
A___ _

5. The modem receives another letter, R, before the computer
has retrieved the previous character. That's okay, since the
R can be placed in the buffer after the A.
AR___

6. GET# draws off the first character in the buffer (A). The R
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7. GET# gets the R and the buffer is once again empty.

8. GET# tries to get another character, but since the buffer is
now empty, GET# returns a null string. The program
keeps looping until it gets something other than a null
string.

9. The modem eventually receives a letter K and puts it in
the bulffer.

| QR

10. The next time GET# executes, it returns with'K instead of
a null string. The buffer is empty.

Two important observations should be made. The modem
received the characters in the order M-A-R-K, and the pro-
gram (with GET#) retrieved the characters in that order. Even
though the computer wasn’t always able to retrieve each
character as it came in, the buffer insured that no characters
were lost.

The output buffer works in much the same way. Charac-
ters sent by PRINT# are held in the buffer until the modem is
ready to transmit them.

Here’s the syntax for the OPEN statement when used
with an RS-232 device.

OPEN file number, device number, secondary address, string

File numbers can range from 1 to 127. Numbers from
128 to 255 cause the computer to send a linefeed (CHR$(10))
after every carriage return. The linefeed character is required
for printers which do not automatically advance the paper.
The device number for an RS-232 device is 2. The secondary
address is not used and should be 0. The string can be one or
two characters. The first character is a control value, and the
second is an optional command value.

The control character sets the number of stop bits, the
word length, and the baud rate. Remember that each character
is sent as a sequence of bits. Stop bits help the receiving
modem detect the end of each character. The Commodore 64
can support either one or two stop bits, depending on the
value of bit 7 in the control character.
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Bit 7 Value Effect

0 0 1 stop bit
1 128 2 stop bits

The word length determines how many bits are transmit-
ted for each character, and can range from five to eight bits.
Bits 6 and 5 of the control character establish the word length.
For most purposes, eight bits will be just fine. When commu-
nicating with some modems or printers, especially older ones,
fewer bits may be required. The device owner’s manual should
tell you if less than eight bits are to be used.

Bits 6 5 Value Effect
00 0 8-bit word
01 32 7-bit word
1 0 64 6-bit word
1 1 96 5-bit word

The baud rate determines how quickly the bits are
transmitted. The most common rate is 300 baud (roughly 300
bits per second), which is equivalent to about 30 characters
per second. Faster baud rates (600 or 1200, for instance) re-
quire higher quality circuitry and make devices which are
capable of such rates more expensive. Older printers and
modems may even operate at 110 baud. Bits 3 through 0 of
the control character should be set according to the baud rate
of the device.

Bits 3 2 1 0 Value Effect
0 0 0 11 50 baud
0 0 1 0 2 75 baud
0 0 1 13 110 baud
0 1 0 04 134.5 baud
0 1 0 15 150 baud
0 1 1 06 300 baud
0 1 1 17 600 baud
1 0 0 0 8 1200 baud

Here’s the formula for calculating the value of the control
character. Place the bit values from the tables above in the
appropriate places in the formula.

Control character = CHR$(stop bits + word length + baud rate)

A typical setting is one stop bit, eight-bit word length, and 300
baud.

Control character = CHR$(0 + 0 + 6) = CHR$(6)
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The result would be used in the OPEN statement like this:
OPEN 1,2,0,CHR$(6)

The command character sets the parity, duplex, and
handshaking. Parity is used to check for errors in transmission.
If there’s considerable static on the telephone line, a bit may
be accidentally switched in value, resulting in garbled commu-
nications. Parity checking can detect an error like this. When
parity checking is selected, it can be odd or even. The correct
setting depends on the setting of the device at the other end of
the link. Bits 7 through 5 control the parity.

Bits 7 6 5 Value Effect
0 0 0 O No parity
0 0 132 Odd parity
0 1 1096 Even parity

When using a word length of eight bits, parity checking is not
available—no parity should be selected.
' Duplex determines whether both modems can transmit at
the same time or if they have to take turns. The usual value is
full duplex. The other setting, half duplex, is rarely used.
Again, this setting depends on the receiving modem. If half
duplex is desired, bit 4 of the command character should be
set (to 1). In most cases, especially with newer modems, full
duplex is available, so bit 4 should be clear, or 0.

Bit 4 Value Effect

0 0 Full duplex
1 16 Half duplex

Handshaking refers to how the transmitting and receiving
devices recognize and establish communication between each
other. Handshaking is controlled by bit 0, which for most
applications should be clear, or 0.

As you can see, the command character is not as im-
portant as the control character. If the sum of the command
values is zero, the command character does not have to be
used. If a different value is needed, the command character is
concatenated to the control character.

This next OPEN statement shows how that’s done to se-
lect half duplex (bit value of 16).

Command character = CHR$(16)
OPEN 1,2,0,CHR$(6)+ CHR$(16) : REM SELECT HALF DUPLEX

75



Chapter 3

When the OPEN statement is executed, it creates input
and output buffers of 256 bytes each. This allotment of 512
bytes comes from free memory. It forces an automatic CLR,
which erases all previous variables and closes all other open
files. Thus, if a program is going to use an RS-232 device, the
OPEN should come before any variable assignments, array
dimensions, function definitions, or other OPEN statements.

The 512 bytes are restored when the RS-232 file is closed.
CLOSE causes another CLR, so the CLOSE should be the last
thing in the program.

The variable ST has a different meaning when used with
an RS-232 device. The last three bits are set to indicate errors.

Bit Value (set) Error when bit set

0 1 Parity error
1 2 Framing error
2 4 Receiver buffer overflowed

A parity error occurs when a bit has been switched in
value, probably due to a bad connection. Don’t bother to
check this bit when using a word length of eight bits.

IF ST AND1 THEN parity error

(Note: Due to a quirk in BASIC, there must be a space be-
tween ST and AND.)

A framing error also indicates a problem in receiving a
character.

IF ST AND2 THEN framing error

The buffer OVERFLOW error occurs when the input
buffer is full (contains 256 bytes) and another character is re-
ceived before the program retrieves a character. This can hap-
pen when the program handling the input and output is too
slow for the baud rate used. A BASIC program can run only
so fast. If the program has to do a lot of processing and a fast
baud rate such as 600 or 1200 is used, this error may occur.
The solution is to write the program in machine language.

IF ST AND4 THEN buffer overflowed

Another point about the ST variable is that it can be read
only once after an input/output statement. After it’s read, it’s
automatically set to zero. If you need to read it more than
once, assign it to a temporary variable.

RS-232 communication may seem complicated in its
description, but it can be very easy to implement. To show just
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how easy it is, take a look at Program 3-2, “Modem.” It's a
simple program which makes your computer and modem act
as a terminal, allowing you to communicate with another com-
puter, perhaps one running a bulletin board system. The pro-
gram is set for 300 baud and cannot handle faster rates. To use
this program, you must have a modem connected to your
Commodore 64 (and another computer with a modem to re-
ceive your transmission).

After typing in and running Program 3-2, make sure your
modem is properly connected. Access the receiving computer
as you would normally, by dialing its telephone number. Al-
though the program establishes full duplex, you can switch
your modem to half duplex (if it has that feature) to see what
you type on the screen.

Program 3-2. Modem

For error-free program entry, be sure to use “The Automatic Proofreader,” Appendix D.

10 OPEN 1,2,9,CHR$(6):POKE 56577,0 srem 5
20 DIM T%(255),R%(255):FOR K=1 TO 255:T%(K)=K:R%(K
)=K :NEXT srem 112

3@ FOR K=65 TO 90:T%(K)=K+32:R%(K)=K+128 :NEXT:FOR
{SPACE}K=97 TO 122:R%(K)=K-32:NEXT :rem 245

40 FOR K=193 TO 218:T%(K)=K-128:NEXT:T%(20)=127:R%
(127)=20:PRINT "{CLR}{N}" :rem 234

58 GET AS$:IF AS$>"" THEN PRINT#1,CHRS$(T%(ASC(AS))):
srem 122

64 GET#1,AS$:IF A$>"" THEN PRINT CHRS$(R%(ASC(AS)));
) srem 121

78 GOTO 50 trem 5

A few comments about this program might be helpful.
Lowercase is obtained by using the second character set. Un-
fortunately, this means that some character translation has to
be done to convert between ASCII codes and character set
numbers. The translation process works like this:

Receive Print on screen as
0-64 0-64 (punctuation)
65-90 193-218 (uppercase)
91-96 91-96

97-122 65-90 (lowercase)
123-126 123-126

127 148 (backspace)
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Keyboard Transmit

0-64 0-64 (punctuation)
65-90 97-122 (lowercase)

91-96 91-96

148 127 (backspace)
193-218 65-90 (uppercase)

The fastest way to translate is with arrays. Arrays T% and
R% have been set up for this purpose (line 20 in Program 3-2).

There are a couple of restrictions in using an RS-232 de-
vice. First, only one such device can be used at a time. Sec-
ond, an RS-232 device should not be used while another
peripheral, such as the Datassette or disk drive, is in use.

The last topic concerns receiving a CHR$(0). If the
modem receives a CHR$(0), it stores it in the buffer properly,
but the GET# statement interprets it as a null string. This
means a null string can indicate either that the input buffer is
empty or that the character is a zero character. To determine
which, check bit 3 of ST after the GET# is executed. If the bit
is set (has a value of 8), the input buffer is empty. If the bit is
clear (value of 0), the character is a CHR$(0).

IF ST ANDS8 THEN input buffer is empty
IF (ST ANDS8) = 0 THEN it’s a CHR$(0)

The CHR$(0) normally is not used in ASCII communica-
tion and can just be ignored. It's important, though, in such
activities as transferring a program file by modem, in which
case every character is important.

Summary

* RS-232, like ASCII, is one of the few standards in the com-
puter industry. It specifies how computers and devices
communicate.

e The RS-232 convention applies to serial communication,
where bits of a byte are sent one at a time. Parallel commu-
nication, the other method of data transmission, transfers all
eight bits at the same time.

» The modem is used to convert bits into tones that can be car-
ried by telephone lines to another computer which converts
the tones back into bits. This process is called modulation
and demodulation.

» The modem can transmit and receive at the same time. No
direction has to be specified as part of the OPEN statement.
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* A buffer is a temporary character-holding place. An input
buffer insures that no incoming characters will be lost if
some come in too fast for the computer to process. An output
buffer holds characters until the modem is ready to transmit
them.

* The syntax for OPEN to open an RS-232 file is the standard
OPEN file number, device number, secondary address, string.

» File numbers from 1 to 127 are most frequently used. File
numbers from 128 to 255 can be used with a serial printer
which needs linefeed characters. The device number for an
RS-232 device is 2. The secondary address is not used and
should be set to 0. The string is one or two characters. The
first character is a control character which sets the number of
stop bits, the word length, and the baud rate. The second
character is optional and is rarely used. It sets the parity, du-
plex, and handshaking.

* When an RS-232 OPEN is executed, 512 bytes are taken
from free memory and are used for buffers. If there are not
512 bytes available, the end of the program is overwritten.

» The OPEN performs a CLR, which erases all variables, ar-
rays, and defined functions, and closes all open files. An
OPEN to an RS-232 device should be done as part of the
program’s initialization, before the assignments, dimensions,
definitions, and OPENs. A CLR is also performed when a file
to an RS-232 device is closed.

¢ Only one file to an RS-232 device can be open at any time.
Communication with other devices is not allowed when an
RS-232 file is open.

o With RS-232 communication, the status variable, ST, in-
dicates errors.

» Translation is required to convert between ASCII and Com-
modore 64 character codes.
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The End of BASIC

Using Commands in Programs

Normally, commands such as RUN, NEW, LIST, CONT,
LOAD, and SAVE are used only in the immediate mode, with-
out line numbers. But commands can also be used in pro-
grams, some with better results than others.

RUN. The RUN command can be used to make a program
automatically rerun when it’s done. Just place RUN where the
END statement would normally go. RUN first performs a CLR,
erasing all variables, arrays, and defined functions before start-
ing execution at the program’s first line. If a line number is
placed after RUN, execution begins with that line.

NEW. Another way to end a program is to use NEW. The
NEW command both ends a program and erases it. (This isn’t
recommended when you're still debugging a program, for
you'll have to continually reload it.)

LIST. The LIST command is not very useful in a program.
When executed, all or some of the program lines will be listed,
depending on the optional line number range after the
keyword. Execution then ends. If there are statements after the
command, they won't be executed.

CONT. When used in the program mode, the CONT
command puts BASIC in an infinite loop, and no processing is
done. To break out of the loop, press the RUN/STOP key.
CONT is best used only in the immediate mode.

LOAD. Using LOAD in program mode is somewhat com-
plicated, so let’s first examine what happens when programs
are saved and loaded. A BASIC program is stored in memory
as a sequence of bytes. The address of the program is usually
2049, but it can be different for nonstandard system configura-
tions (such as those with special device handlers). Whatever
the address, the SAVE command will start at that address and
send the bytes which form the program to the disk or tape
file. When LOAD is executed, the bytes in the file are read into
memory starting at the address of BASIC memory.

LOAD'’s full syntax is:

LOAD, a filename (optional for tape), a device number (optional),
and a secondary address (optional).
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If no device number is given, device 1 (the Datassette) is
assumed. If no secondary address is given, the default of zero
is used.

A secondary address of 0 means that a relocating LOAD
should be performed. The program will be loaded starting at
the current address of BASIC’s free memory. This insures that
a file which was saved at one address can be loaded when
BASIC memory starts at a different address. Relocating
LOADs are used mainly when loading BASIC programs. The
BASIC program that is loaded replaces the one currently in
memory.

Another type of program is one written in machine lan-
guage. In most cases, a machine language cannot be relocated.
It must be loaded at the same address from which it was
saved. A secondary address of 1 tells the computer to ignore
the current address of BASIC memory and to use the address
which was used for saving the file. Keep in mind that
nonrelocating LOADs are most often used when loading ma-
chine language programs.

Here are the secondary addresses used with LOAD and
their effects:

Secondary

Address Effect

0 Relocating LOAD

1 Nonrelocating LOAD

Let’s take a look at what happens with LOAD in program
mode. When executed, the command loads the requested pro-
gram and performs a RUN. This is handy since it makes it
possible to run a series of programs, one after another. This is
called chaining.

There’s one important difference between the normal
RUN command and what’s automatically performed after a
LOAD, however. The automatic RUN after a LOAD does not
include a CLR. None of the variables, arrays, and functions
are erased. This doesn’t mean that their values are preserved.
All function definitions are overwritten when the new pro-
gram is loaded. Calling a defined function when no
corresponding DEF has been executed will not cause an
UNDEF'D FUNCTION error, but it will probably force some
sort of error because the definition is no longer intact. Nu-
meric variables and arrays will be preserved if the new pro-
gram is shorter than the old one; however, string variables
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may or may not be preserved, depending on how they were
assigned.

It would be nice if it were possible to pass variables be-
tween chained BASIC programs, but there are so many restric-
tions that in most cases it isn't worth the trouble. Just have the
chained programs start with a CLR statement and there
shouldn’t be any problems.

The problem of passing variables doesn’t apply when
LOAD is used with a machine language program. In these
situations, the original program is not replaced, so the vari-
ables, arrays, and function definitions should not be disturbed.
This is often used when a BASIC program loads and executes
a machine language routine or program. In the lines below,
the SYS statement, introduced in a latér section, starts the
execution of the machine language.

1 IF A=@ THEN A=1:LOAD "EDIT.C64",8,1:REM LOADS M
ACHINE CODE
20 SYS 49152:REM EXECUTES MACHINE CODE

Since you started the program with the normal RUN com-
mand, the variable A is 0, and the condition is true. Variable
A is set to 1, and the machine language program is loaded
from disk. After the LOAD is complete, BASIC automatically
does another RUN, this time without clearing the variables.
Variable A keeps the value of 1, so this second time the sec-
tion after the THEN is not executed. Execution falls through to
line 20, the SYS statement, which starts the machine language
program.

SAVE. Last but not least, the SAVE command, when
used in a program, saves the current BASIC program to tape
or disk. This could be useful if you want a program to make a
copy of itself when it runs.

Summary

* RUN can be used as a substitute for the END statement to
make a program rerun when it ends.

* NEW, when used in a program, ends and erases the
program.

o If LIST is included in a program, execution stops after the
LIST is executed, even if there are lines yet unexecuted.

» CONT causes BASIC processing to enter an infinite loop
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which can be stopped by pressing the RUN/STOP key.

e The full syntax for LOAD is: LOAD filename, device number,
secondary address.

« The secondary address should be 0 for a relocating LOAD,
which indicates that the program will start loading at the
current address of BASIC memory, replacing the program al-
ready in memory. Zero is the default secondary address.

* Relocating LOADs are usually used with BASIC programs.

* The secondary address should be 1 for a nonrelocating
LOAD. The program will be loaded at the same address from
which it was saved. This usually leaves the current BASIC
program intact.

« Nonrelocating LOADs are most often used for machine lan-
guage programs. '

» When LOAD executes in a program, the LOAD is performed
and BASIC goes to the first line of the current BASIC pro-
gram. This is like performing a RUN without a CLR.

e All variables, arrays, and function definitions are preserved
during a nonrelocating LOAD. This fact can be used to make
a BASIC program load and begin executing a machine lan-
guage program.

* After a relocating LOAD, BASIC starts to execute the pro-
gram which replaced the one in memory. String variables, ar-
rays, and function definitions will still exist but their values
will be incorrect because they were overwritten by the new
program. Numeric variables will be preserved only if the
new program is shorter than the old one. In most cases, it’s
best to simply have the new program start with a CLR.

* The process of having one program load and run another is
called chaining. Commodore 64 BASIC allows any number of
programs to be chained.

e A SAVE used in a program makes the program copy itself to
tape or disk. Execution will continue with the first statement
after the command SAVE.

The WAIT Statement

The WAIT statement is an advanced topic because it uses bi-
nary values and, compared with other statements, is seldom
used. But WAIT does have a few applications and can help
you tighten a program by saving lines.

WAIT makes BASIC stop all processing until a designated
bit has a specified value. '
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As an example, let’s use location 56320, the second joy-
stick port. Bits 0-3 of this location report the direction of the
joystick; bit 4 reflects the status of the joystick button. To
monitor a specific bit, you can use the AND operator and the
number which corresponds with the bit. The chart below gives
the values associated with each bit.

Bit Value

NN W= O
Pt
o)

The following line shows the relationship between bit 4
and the joystick button. Note: Plug a joystick into port 2.

10 PRINT PEEK(56320)AND16:GOTO 10

Normally, 16 is printed, which means that the bit is set.
When the button is pressed, the bit is cleared, meaning a 0is
printed. The WAIT statement uses this process to decide when
to halt execution, as well as when to continue. Make sure the
above program line is still in memory, and enter this line in
immediate mode:

WAIT 56320,16

It seems as if nothing happened. That’s because the state-
ment told BASIC to wait until bit 4 (value of 16) in location
56320 was set. Since you weren't pressing the joystick button
when you entered the statement, the bit was already set, and
no WAIT was executed.

Enter WAIT 56320,16 again, but this time press down on
the button before hitting RETURN. The cursor will disappear,
and nothing will be printed. In fact, BASIC will be concentrat-
ing so hard on waiting for bit 4 to become set that it will not
notice if you press RUN/STOP. Now release the button. The
READY. prompt will appear and BASIC will be functioning as
normal.

The 16 in the last example is a bit mask which tells WAIT
to freeze execution until bit 4 goes from clear to set.

Sometimes, however, you might want to reverse the
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condition and have the WAIT statement delay BASIC until a
selected bit goes from set to clear. Consider the following pro-
gram, which waits until the button is pressed (bit 4 is cleared)
and then prints a message.

10 IF PEEK(56320)AND16 GOTO 1@ :REM LOOP WHILE NOT
{ SPACE}PRESSED
20 PRINT "FIREI"

To make WAIT halt execution until a bit is cleared, you
need to add another bit mask to the statement. In the line be-
low, the first 16 indicates that bit 4 of location 56320 is to be
monitored; the second 16 says that the condition to be fulfilled
is that the bit must go from set to clear, instead of the normal
change from clear to set.

10 WAIT 56320,16,16:PRINT "FIRE!"

This does the same thing as the two-line program above,
but in only one line.

Now let’s extend the example so that it waits repeatedly
for the joystick button to be pressed.

10 WAIT 56320,16,16:PRINT "FIRE!";:REM NOTE THE SE
MICOLON
20 GOTO 1@

When you run this program, you'll quickly notice a prob-
lem. Each press of the button is detected more than once. This
problem, called bounce, can also happen with the keyboard.
Sometimes you hit one key, but it’s actually read more than
once. To eliminate the bounce, make the program wait for the
button to be released before relooping. Just substitute this line
20 for that above.

20 WAIT 56320,16:GOTO 10
In fact, the whole program could be written in one line:

10 WAIT 56320,16,16:PRINT "FIRE!";:WAIT 56320,16:G
OTO 1@

If the WAIT statement was not available, this program
would have had to be written in three or four lines, depending
on whether the ON-GOTO technique was used. Notice that in
both the programs below the RUN/STOP key operates, unlike
when you use the WAIT statement.
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10 IF PEEK(56320)AND16 GOTO 19

20 PRINT "FIRE!";

3¢9 IF (PEEK(56320)AND16)=0 GOTO 30
40 GOTO 10 :

or

1@ IF PEEK(56320)AND16 GOTO 10
20 PRINT "FIRE!";
30 ON (PEEK(56328)AND16)/16+1 GOTO 30,19

WAIT can even monitor several bits at a time. Location
198 counts the number of keypresses (0-10) in the keyboard
buffer. It takes four bits to represent a number in that range,
so bits 0-3 have to be watched. The value 0 indicates that the
buffer is empty, so when the first four bits in location 198 are
all clear, no key has been pressed. To make a program wait
until a key is pressed, you can use the standard method:

14 GET K$:IF K$="" GOTO 10
20 PRINT "GOT A KEY"

Or you can use WAIT to stop program execution until location
198 contains a nonzero value (when any bit from 0 to 3 is set).
With WAIT, the program would look like:

16 WAIT 198,15:GET K$:PRINT "GOT A KEY"

The value 15 was calculated from 1+2+4+8, the values
associated with bits 0-3.

Another common application for WAIT is to wait until the
PLAY button on the Datassette is pressed. Bit 4 of location 1
goes from set to clear when a button on the Datassette is
pressed.

19 PRINT PEEK(1)AND16:GOTO 10

Type in and run this program. You'll see 16 appear on the
screen when the PLAY button is not pressed, 0 when it is.

When a program opens a tape file, the computer prints
the message PRESS PLAY ON TAPE. However, the message
does not appear if the PLAY button is already pressed. The
computer just proceeds with the open processing. If you don’t
want the prompt message, perhaps because it might disrupt
your screen display, put a WAIT statement before the OPEN.
It would look like this:

1¢ wAIT 1,16,16:0PEN 1,1,0,"TAPE FILE"

87



Chapter 4

The file TAPE FILE is still opened, but the prompt fails to
appear.

Summary

e The WAIT statement makes BASIC halt execution until se-
lected bits in a designated location are set or cleared.

« The syntax is WAIT, location number, comma, mask, and op-
tional comma and mask.

* The bit set in the first mask tells which bit is to be mon-
itored. For instance, if BASIC is to monitor bit 4, then 16
(that bit’s value) would be used as the mask number.

 The second bit mask tells whether BASIC is to wait for the
selected bit to go from clear to set, or from set to clear. If
there is no second bit mask, BASIC will wait until the bit
goes from clear to set. To reverse the condition, the value
associated with the bit should be used for the second bit
mask.

» More than one bit can be monitored in the same location. To
make BASIC monitor both bits 4 and 5, the associated values
of 16 and 32 would be added and used as the first mask
number. BASIC would then wait until either bit 4 or bit 5
went from clear to set.

 The second bit mask can also be used with several bits. The
statement WAIT 1,16+32,16 makes BASIC wait until either
bit 4 of location 1 goes from set to clear, or bit 5 goes from
clear to set.

» While BASIC is waiting, it does not check the RUN/STOP
key, so RUN/STOP-RESTORE has to be used to stop
execution.

* Here are several example applications of WAIT: Halt execu-
tion until the joystick button is pressed or released; force a
program to wait until the PLAY button on the Datassette is
pressed so that no PRESS PLAY ON TAPE message appears;
and freeze a program until a key is pressed.

Machine Language and the SYS Statement

The SYS statement is used to execute machine language

routines and programs. In order to understand what this

means, let’s take a moment to explain machine language.
Inside your Commodore 64, there are several computer

chips. One of them, the VIC chip, handles the video display.
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Another, the SID, is in charge of audio output. These are sup-
port chips, and give the Commodore 64 its excellent sound
and graphics capabilities. But they don't give the 64 any
computing ability. That’s what the CPU (Central Processing
Unit), the heart of the computer, does. It's the CPU which
really runs the show, doing everything from reading the key-
board to processing all calculations and decisions and telling
the VIC chip what to display on the screen. Even if the VIC
and SID chips were not working, the computer could still run
programs. You just wouldn’t see or hear any output. The com-
puter could not function, however, if there were no CPU.
. All computers, from micros to mainframes, must have a
CPU. Some even have more than one. In microcomputers, the
CPU is called a microprocessor. The type of microprocessor
used in the Commodore 64 is the 6510, which is practically
identical to the 6502 found in many other home computers.
Some other popular microprocessors are the Z80 and the 8088.

Machine language is the native language of the
microprocessor. It’s quite different from BASIC. Just as a
BASIC program contains statements, a machine language pro-
gram consists of instructions which are executed by the
microprocessor. The difference is that each instruction can do
only a very small task, so many are necessary to get anything
done. It takes several instructions just to add two numbers to-
gether. However, machine language instructions can be exe-
cuted very quickly. It's quite common for a machine language
program to run a hundred times faster than a comparable
BASIC program. A BASIC program is not machine language
and cannot be directly executed by the microprocessor. Rather,
the BASIC language itself is one huge machine language pro-
gram. It’s a collection of machine language routines, one for
each operation, function, statement, and command in BASIC.
For instance, there’s a routine to add two numbers, a routine
which calculates the absolute value of a number, and a routine
to print something on the screen. There are also routines to
find the value associated with a variable, search for a line
number, check syntax, and so on, and so on.

When BASIC is told to run a program, it looks at the first
statement, executes the necessary machine language routines
to process the statement, and then moves on to the next state-
ment. Thus, a BASIC program is really a kind of data file. It
cannot stand on its own, but instead is treated as data for a
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machine language program called BASIC. The end result may
appear to the user as though BASIC statements have comput-
ing power, but the real processing is being done in machine
language.

The process of reading data from a program file and selec-
tively executing some routines is called interpreting. The inter-
preting process is what makes BASIC programs run slower
than equivalent machine language programs. It takes time to
read statements, look up values for variables, search for pro-
gram lines, and check for correct syntax. An alternative is to
convert a BASIC program to machine language with a process
known as compiling. After a program has been written, it’s
compiled before it’s executed. Compiled programs are actual
machine language programs that can stand on their own, pro-
grams which don’t need BASIC. This can significantly increase
the speed of the program. However, program development is
less interactive, because every time the program is changed in
even the smallest way, it has to be recompiled.

The BASIC language, whether its programs are inter-
preted or compiled, is called a high-level language because
each statement is rather general and can do a lot. If you think
about it, the PRINT statement is extremely versatile. It can
print numbers and characters, call functions and operations,
and control cursor positioning. Machine language, on the
other hand, is a low-level language, because each instruction is
limited and specific. Most people without computer experience
learn BASIC first. However, if you want to tap the full poten-
tial of your computer and want to know what computing is
really about, machine language is the way to go.

The SYS statement instructs BASIC to stop executing and
to transfer control to a machine language routine which starts
at a specified address. Thus, SYS is to a machine language
program what RUN is to a BASIC program. If you're using a
machine language routine published in a book or magazine,
the address will be given in the article or documentation. Care
must be taken that the address is correct, because if the
microprocessor is told to execute machine language instruc-
tions at memory locations where there are no instructions, it
will “hang” and the computer will crash. This does no perma-
nent damage to the computer, but it does mean that you'll
have to turn the computer off and back on again to regain
control. Anything in memory will be lost.
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To demonstrate the speed of machine language and to
show how the SYS statement is used, the doodling program
from All About the Commodore 64, Volume One has been rewrit-
ten in machine language. Here’s the original BASIC program.
Plug a joystick into port 2. Push the joystick to draw in all
eight directions, and press the button to change the color.

Program 4-1. BASIC Doodle

For error-free program entry, be sure to use “The Automatic Proofreader,” Appendix D.

19 PRINT CHR$(147):POKE 53280 ,0:POKE 53281,8:5=500

:1C=1 srem 181

20 DIM JS(15):FOR K=5 TO 14:READ JS(K) :NEXT
srem 126
30 POKE 55296+S,C:POKE 1024+S,81 trem 205
4@ S=S+JS(PEEK(56320) AND 15) srem 15
5@ IF S<@ THEN S=S+1000 srem 177
60 IF S>999 THEN S=S-1000 srem 49
7@ IF (PEEK(56320) AND 16)=@0 THEN C=C+1:IF C>15 TH
EN C=1 srem 66
83 GOTO 39 trem 4
99 DATA 41,-39,1,0,39,-41,-1,0,40,-40 srem 239

Now, let’s try the machine language version. The instruc-
tions have been stored as numbers in DATA statements, which
is the most convenient form for short programs or routines.
The instructions are read and POKEd into free memory, and
then SYS is used to begin executing the code. Just lightly tap
the joystick left or right at first, so you can see that the draw-
ing is done a pixel at a time. You'll notice that the machine
language version is so fast that even if you just lightly hit the
joystick, most of the screen fills up.

Program 4-2. Machine Language Doodle

For error-free program entry, be sure to use “The Automatic Proofreader,” Appendix D.

309 FOR K=4096 TO 4290 :READ P:POKE K, P:NEXT

srem 150

310 SYS 4096 trem 102
320 END srem 108
849 DATA 169,147,32,210,255,169,0,141,32,208,141,3
3,208,169,244,141,193,16,169 srem 9

891 DATA 1,141,194,16,169,1,141,192,16,169,0,24,10
9,193,16,133,251,169,216,109 srem 3

802 DATA 194,16,133,252,173,192,16,169,0,145,251,1
69,0,24,109,193,16,133,251 srem 155
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843 DATA 169,4,109,194,16,133,252,169,81,145,251,1
73,9,220,41,15,179,189,165 srem 171
804 DATA 16,24,109,193,16,141,193,16,189,176,16,10
9,194,16,141,194,16,173,194 srem 237
845 DATA 16,16,17,173,193,16,24,105,232,141,193,16
,173,194,16,105,3,141,194,16 srem 1
806 DATA 169,231,205,193,16,169,3,237,194,16,176,1
7,173,193,16,56,233,232,141 srem 234
847 DATA 193,16,173,194,16,233,3,141,194,16,173,0,
220,41,16,208,15,238,192,16 srem 210
808 DATA 169,15,205,192,16,176,5,169,1,141,192,16,
76,28,16,41,217,1,0,39,215 srem 169
809 DATA 255,0,4¢,216,0,9,255,9,0,9,255,255,90,9,25
5,0,9,9,9 srem 28

BASIC always checks for the RUN/STOP key before it
processes each statement. Since BASIC is not in control,
RUN/STOP won't work, and you’ll have to use the
RUN/STOP-RESTORE combination to halt the program.

It's possible to pass information between BASIC and ma-
chine language programs. In many of the programs later in
this book, you'll see a line like the following:

120 SA=780:SX=781:5SY=782:SP=783

Locations 780-783 can be POKEd before a SYS call. This
area of memory is called the Register Storage Area and is used
to store the values held by the Accumulator, the X register, the
Y register, and the status register. The Register Storage Area is
used by the BASIC SYS command to load each of the registers
from the corresponding storage address. The values POKEd
can then be used by the machine language routine. That’s
what this next line does.

130 POKE SA,1:POKE SX,8:POKE SY,@:SYS 65466

When the machine language routine ends and control is
returned to the BASIC interpreter, any new values held by the
registers are stored in the appropriate memory locations. Pro-
gram execution will continue with the first statement after
SYS. This may be a PEEK to one of the locations to get infor-
mation inserted by the machine language program or routine.

140 SYS 65493:IF PEEK(SP)AND1 GOTO 700

These variable names (SA, SX, SY, and SP) are used
consistently in the later programs.

There’s one other feature of BASIC related to machine
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language. The USR function is an alternative method of
executing machine language, and allows one floating-point
value to be passed back and forth. However, this technique is
less convenient than SYS, so it’s not used very often. Calling
the USR function without some special setup results in an IL-
LEGAL QUANTITY error.

The USR function is not related in any way to the USR disk

file type.

Summary

o Of all the parts of a computer, the one that provides the real
“brains” is the CPU, or central processing unit. In micro-
computers, the CPU is called a microprocessor. The Com-
modore 64’s microprocessor is the 6510, which for all
practical purposes is identical to the 6502.

» Machine language is the language of the microprocessor. Ma-
chine language consists of instructions (rather than state-
ments) which are directly executed by the microprocessor.

 Each machine language instruction is very simple and limited
in what it can accomplish. But though it takes a number of
them to get anything done, each instruction can be executed
very quickly.

* The BASIC language on the Commodore 64 is one large ma-
chine language program.

» A BASIC program is not machine language and cannot be di-
rectly executed by the microprocessor. Rather, it’s treated as
data read by the BASIC interpreter program.

* The process of BASIC reading statements and executing the
appropriate machine language routines is called interpreting.
Interpreted BASIC programs are relatively slow because
things like syntax checking are done as the program is
running,.

A BASIC program can be compiled into machine language,
which can then be directly executed by the microprocessor.
The advantage of compiling is that things like syntax check-
ing are done as part of the compiling step, so the program
runs much faster. The disadvantage is that a program has to
be recompiled every time it’s changed.

* BASIC is a high-level language because each statement can
do a lot. Machine language is a low-level language.

 The SYS statement is used to start the execution of machine
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language at a specified address. If the address is wrong, the
computer may crash. /

¢ Information from a BASIC program can be made available to
the machine language code by POKEing the information into
locations 780 through 783 before the SYS is executed.

o If the machine language program ends and returns control to
BASIC, execution will continue with the first statement after
the SYS.

¢ Locations 780 to 783 can be PEEKed when the machine lan-
guage program is finished to get values returned.

* The USR function offers a means of executing machine lan-
guage and passing one floating-point value back and forth,
but in most cases it’s less convenient to use than SYS.
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The Bitmapped Graphics
Ultility

Introduction to the Bitmapped Graphics Ultility
Bitmapped graphics lets you cover the whole screen with
graphics. There are no size limitations as there are with re-
defined characters and sprites. When redefining a character,
you are confined to working in an 8 X 8 grid. Even with
sprites, the 24 X 21 grid restricts the size of an object. But
with bitmapped graphics, the whole screen is one big grid.
You can control any point on the screen. You can draw lines
to create things like line graphs and three-dimensional pic-
tures. Or you can fill in areas to create pie charts or back-
ground scenes.

The Commodore 64’s bitmapped graphics capabilities are
very good, but difficult to use from BASIC. As a result,
bitmapped graphics is often the most overlooked and under-
used feature of the computer.

Since the goal of this book is to help you get the most out
of your computer, the first major utility is designed to open up
the world of bitmapped graphics. The utility consists of a
collection of machine language routines which make bitmapped
graphics easier to use. The routines can plot points, draw
lines, fill in areas, and draw whole shapes. Because the
routines are written in machine language, they're fast. That
leaves only one problem—how will the routines be called by a
BASIC program?

One method would be to use the SYS statement. A slightly
more elaborate method, and the one used for this utility, is to
add new statements to BASIC. This method is a good choice
because it offers the speed of machine language and the con-
venience of BASIC. |

The New Statements
The new statements work just like standard BASIC statements. l
They can be used in program lines, they can be listed, and
they can cause errors if their syntax is wrong or their values
are out of range. A program containing these new statements
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can be saved to tape or disk just like any other program.
Besides these statements, we’ve added a new function and
a new command. Here’s a list of the additions to BASIC:

Statements

GRAPHICS DRAW SETPEN
CLS MODE TEXT
FILL LFILL RFILL
SHAPE PEN

Function
LOOK

Command
KILL

To install the BASIC extensions, two files must be created.
One file contains the machine language routines which per-
form all the graphics work. The other is a BASIC program that
loads the machine language file and merges it with BASIC, ac-
tually adding the new statements.

First, enter and save either Program 5-1 (for disk) or Pro-
gram 5-2 (for tape) to disk or tape. Make sure you use the
filename BMGLOADER. .

Next, type in the machine language file (Program 5-3),
using the “Machine Language Editor: MLX" program found in
Appendix C, and save it using the filename BMG.OB]. If
you're using tape, be sure to save the file immediately after
the “BMGLOADER" program.

(Please read the article in Appendix C before typing in
Program 5-3. You'll need to use MLX to enter other files in
this book, so be sure to save a copy. If you have a copy of
MLX from another COMPUTE! publication and you're using
tape, change line 763 of your copy so that it matches line 763
as listed in this book. Tape users who have a copy of MLX
which does not have a line 763 must use the version of MLX
from this book.)

After loading and running MLX, you’'ll be asked for two
prompts. Respond to these with:

Starting address: 51200
Ending address: 53245

Save this file as BMG.OBJ

Once you have these two files on disk or tape, you're
ready to start using bitmapped graphics. Load and run the
BMGLOADER program, which in turn loads and executes the
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machine language file. After the BASIC extensions are in-
stalled, the READY. prompt will appear.

For a short demonstration of what the new graphics state-
ments can do, enter and run Program 5-4. It draws a rectan-
gular kaleidoscope. To stop the drawing, press the RUN/STOP
key. To reset the screen to text mode, hit RESTORE while
holding down RUN/STOP.

One very important word of caution: The bitmapped
graphics extensions require memory from 50176 to 53247
(hexadecimal $C400 to $CFFF). The extensions cannot be used
in conjunction with any other utility which uses these same
memory locations, including the popular DOS wedge. Remove
all such utilities before loading the bitmapped graphics exten-
sions. The easiest way to do this is to turn the computer off
and back on. .

The bitmapped graphics extensions stay in effect until the
computer is turned off, so there’s no need to run the
BMGLOADER program more than once as long as the com-
puter is on. The next time you turn on the computer, though,
you will have to run the BMGLOADER program before using
any graphics statements. Programs containing graphics state-
ments will not list properly and will not work if the BMGLOADER
program has not been run earlier.

If you're finished using the bitmapped graphics BASIC
extensions and want to use another utility that requires the
same memory locations, use the KILL command. This removes
the extensions and frees up the memory. The graphics state-
ments can later be reinstalled by running BMGLOADER again.

All the program examples in this chapter and in Chapter 6
require that the BASIC extensions be active when the programs
are typed in, run, or loaded. This is extremely important. You
must run BMGLOADER each time you turn on your computer
and after the KILL command is used if you wish to use any
program containing the BASIC extensions.

Program 5-1. BMGLOADER Disk Version

18 IF A THEN SYS 52506 :NEW
20 A=1:LOAD "BMG.OBJ",S8,1
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Program 5-4. BMG Demonstration

10 GRAPHICS 6:POKE 53280 ,0:FOR I=1 TO 12:FOR J=12
{SPACE}TO 4 STEP -1:K=I+J

20 SETPEN 1,RND(@)*16:DRAW 6+K,J,1 TO 6+K,24-J:DRA
W 32-K,J TO 32-K,24-J

30 DRAW 7+J,25-K TO 31-J,25-K:DRAW 7+J,K-1 TO 31-J
+K=-1 :NEXT : NEXT:GOTO 10

Graphics Modes and Point Plotting

There are two major problems when using bitmapped graphics
from BASIC—clearing the bitmap screen takes too long, and
plotting of individual points is too slow.

To clear the screen in BASIC, the 8000 memory locations
for the bitmap have to be POKEd to zero. Plotting in BASIC is
slow because it involves some very complicated calculations.

To solve the first problem, the GRAPHICS statement is
available.

GRAPHICS mode number

This statement turns on the bitmapping mode of the VIC-II
chip, clears the bitmap screen, and sets the background to
black. The purpose of the mode number will be explained in a
moment.

The screen is now all set for high-resolution plotting. That
is done by the DRAW statement.

DRAW X coordinate, Y coordinate

Plotting is done by using the standard coordinate system
of X and Y coordinates. The columns (the X coordinate) are
numbered from 0 to 319, starting at the left edge of the screen.
The rows (the Y coordinate) are numbered from 0 to 199. Un-
like standard mathematics, the numbering of rows starts at the
top and works down. The point is plotted where the column
and row intersect. Take a look at Figure 5-1 for an illustration
of this coordinate system.

The position 0,0 is at the intersection of the first column
and the first row, which is the upper-left corner of the screen.
This particular position is of special importance and is called
the home position.
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Figure 5-1. Bitmap Coordinate System

0 Home (0,0)

9
» 0 319

To see the GRAPHICS and DRAW statements in action,
enter and run the program below.

19 GRAPHICS @
20 DRAW 5,5
30 DRAW 35,5
49 DRAW 35,20
50 DRAW 5,20
60 GOTO 6@

Four points are plotted, at the four corners of a rectangle.
The infinite loop at line 60 is needed to prevent the program
from ending. The screen automatically reverts back to text
mode when the READY. prompt is printed. Since the screen
switches to the text mode whenever READY. appears, the
graphics statements cannot be used in the immediate mode.
Graphics statements should be used only in a program.

As shown by the example, the DRAW statement is a fast
and convenient way to plot points. The two major problems of
using bitmapped graphics from BASIC have now been solved.

Unfortunately, the previous program reveals a new prob-
lem. The points are very small. To make the points more vis-
ible, they have to be made larger. That’s where the mode
number comes in. The term resolution is used to describe how
many points are displayed on a bitmap screen. The more
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points that are displayed, the higher the resolution and the
smaller each point is.

Mode 0, used in the demonstration above, supports the
highest resolution (320 X 200 points). Mode 2 cuts that
resolution in half in each direction (only 160 X 100 points),
but each point is four times the size as before. Change the
mode number in the demonstration from 0 to 2, and run it
again to see this effect.

There are a total of four different resolutions available.
Here's a list showing the number of columns and rows in each
mode.

MODE RESOLUTION

0 320 X 200
2 160 X 100
4 80 X 50
6 40 X 25

There are four other modes, numbered 1, 3, 5, and 7,
which are reserved for special purposes. These will be ex-
plained later. Using a mode number outside the range 0-7 will
result in an ILLEGAL QUANTITY error.

The following program may not be very exciting, but it
does show how plotting with the DRAW statement is much
faster than using the old method of POKEing data to create
something on the bitmap screen.

19 GRAPHICS 4
20 DRAW RND(1)*80,RND(1)*50:GOTO 20

These next two examples use trigonometric functions to
draw a sine curve and a circle. Change the values for RX and
RY in the second program to make the circle into an oval.

19 GRAPHICS 0@

2@ FOR X=8 TO 319

30 DRAW X,100+20*SIN(X/10)
49 NEXT X

16 GRAPHICS @

20 RX=55 :RY=40

3@ FOR A=¢ TO 2*1 STEP 1/180

47 DRAW 160+RX*COS(A),1@@+RY*SIN(A)
50 NEXT A
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If you make the values for RX and RY too large, the co-
ordinates for plotting will be off the screen. The program will
stop, the screen will change back to text mode, and an IL-
LEGAL QUANTITY error message will be printed. This error
indicates that the coordinates used in a DRAW statement are
out of range for the current graphics mode. For example, try-
ing to plot a point at —1,—1 causes this error. '

A useful analogy to help understand bitmapped graphics
is to imagine that the drawing is done by a pen. The co-
ordinates position the pen on the screen, and the DRAW state-
ment tells the pen to press down and make a dot. The color of
the ink is light green. A pen with a fine point draws thin lines
and is used for detailed drawing; this is similar to a high-
resolution screen mode. A dull point creates broad strokes
which cover more area, something similar to low-resolution
modes.

In modes 0, 2, 4, and 6, there are actually two pens avail-
able. Pen 1 is used for plotting. It's the default pen and has
been used in all the previous examples. Pen 0 is used for
unplotting. This erases points plotted by pen 1. When a point
is erased, the color of the background shows through.

The DRAW statement supports an optional third number
that’s used to change the current pen number.

DRAW X coordinate, Y coordinate, pen number

When the GRAPHICS statement is used to switch from
text to graphics mode, the current pen number is set to 1. The
statement DRAW 5,6,1 is thus the same as DRAW 5,6. Both
statements plot a point at position 5,6. To erase the point, just
use pen 0. DRAW 5,6,0 erases the previously drawn point.
Once you've switched to pen 0, all future drawing is done
with that pen, at least until you change it back to pen 1.

The following program plots three points, waits for a
keypress, erases the points, waits for another keypress, and
then plots one more point. Type it in and try it out.

100 GRAPHICS 4

119 DRAW 3,4:REM DEFAULTS TO PEN 1

120 DRAW 7,9

130 DRAW 4,20

140 WAIT 198,15:GET K$:REM WAIT FOR KEYPRESS
15¢ DRAW 3,4,0:REM NOW IN PEN @ ’

168 DRAW 7,9:REM STILL PEN @
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170 DRAW 4,20

189 WAIT 198,15:GET K$

199 DRAW 5,11,1:REM BACK TO PEN 1
200 GOTO 209

The classic example of plotting and erasing is the bounc-
ing ball program. A point is plotted at one position, then it’s
erased and plotted at an adjacent position. The direction of
travel is reversed whenever the ball hits the edge of the
screen. This next example does just that.

10 GRAPHICS 4
2@ X=INT(RND(1)*78)+1:Y=INT(RND(1)*48)+1:DX=1:DY=1
37 DRAW X,Y,0:X=X+DX:Y=Y+DY:DRAW X,Y,1

49 IF X=0 OR X=79 THEN DX=-DX

5¢ IF Y=0 OR Y=49 THEN DY=-DY

68 GOTO 38

Changing Colors

Thus far, plotting has always been done in light green (color
13). With a normal pen, you can change the color by replacing
the ink with a different refill. Likewise, the color associated
with a graphics drawing pen can be changed to any of the 16
colors available on the Commodore 64. The format for altering
colors is:

SETPEN pen number, color number

When using modes 0, 2, 4, and 6, only pen 1 should be
used with SETPEN. The color number can range from 0 to 15.
(Refer to the Commodore 64 User’s Guide for the color values.)
Of course, if the pen is changed to color 0 (black), the plotting
won't be visible because it then matches the background color.

The next program is a modified version of the bouncing
ball program. The points are never erased, so the ball leaves a
trail. Pressing any key makes the program restart with a dif-
ferent color for pen 1.

14 GRAPHICS 4

20 X=INT(RND(1)*78)+1:Y=INT(RND(1)*48)+1:DX=1:DY=1
30 SETPEN 1,RND(1)*15+1

40 X=X+DX:Y=Y+DY:DRAW X,Y

50 IF X=0@ OR X=79 THEN DX=-DX

60 IF Y=0 OR Y=49 THEN DY=-DY

78 GET K$:IF K$="" GOTO 44

84 GOTO 10
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Because of the GRAPHICS statement, the program clears
the screen before using a new color for pen 1. Pen 1 can be
used to draw in more than one color on the same screen, pro-
vided that points plotted in different colors are separated from
one another. For example, let’s say that some points are plot-
ted while pen 1 has the color red, then SETPEN is used to
change the pen color to blue. Points plotted now will be
drawn in blue, and the earlier points will retain their red color.
However, if some blue points are plotted too close to the red
points, the color of the latter will be affected. Try changing the
GOTO 10 in the previous program to GOTO 30.

Every time you press a key, the drawing continues as
before, but a different color is used. All appears as it should,
except at those places where two different colored lines cross
each other. You'll see that sometimes the color of one line
interferes with the color of the other. That’s the restriction in
using modes 0, 2, and 4. Drawing can be done in 16 different
colors on the same screen, but colors have to be kept apart
from each other. The problem doesn’t occur in mode 6.

Pen 0 should not be used with the SETPEN statement.
Remember, pen 0 is used for erasing, not for plotting, so the
idea of an ink color doesn’t apply. The only color associated
with pen 0 is the background color, which is set to black
(color 0) by the GRAPHICS statement when the screen is
cleared. To clear the screen and set the background to a dif-
ferent color, use the CLS statement.

CLS color number

When CLS is executed, the screen clears and the back-
ground is set to the specified color. The current graphics
mode, however, stays the same. The statement CLS 2, for in-
stance, clears the bitmap and sets the background to red with-
out affecting the current resolution.

14 GRAPHICS 4

20 CLS 2

30 FOR K=5 TO 40
4@ DRAW K,K

50 NEXT K

64 GOTO 60

The number after the keyword CLS is optional. If no
number is specified, zero is assumed, so CLS alone sets the
background to black.
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You can even change the graphics mode from within a
program, mixing modes on the screen. The MODE statement
format is:

MODE mode number

This changes the graphics mode without clearing the screen.
You can then draw in one resolution, change the mode, and
- continue drawing in another resolution.

10 GRAPHICS 6:FOR X=1 TO 36 STEP 6:Y=RND(1)*21:GOS
UB 60 :NEXT

20 MODE 4:FOR Y=1 TO 46 STEP 3:X=RND(1)*76:GOSUB 6
g :NEXT

30 MODE 2:FOR K=1 TO 32:X=RND(1)*156:Y=RND(1)*96:G
OSUB 60 :NEXT

40 WAIT 198,15:GET K$:GOTO 10

6d DRAW X+1,Y+1:DRAW X,Y:DRAW X+2,Y:DRAW X+2,Y+2:D
RAW X,Y+2 :RETURN

The MODE statement cannot be used in place of the
GRAPHICS statement. MODE depends on the GRAPHICS
statement having been executed beforehand. Statements like
DRAW, CLS, and MODE should be used only when the
screen is already in a graphics mode. The only graphics state-
ment that should be used when the screen is in the text mode
is GRAPHICS.

To make the screen go back to text mode while a program
is running, use the TEXT statement.

TEXT

When executed, TEXT turns off the bitmap mode, sets the
border and background colors to their default values, and
clears the screen. After the screen has been changed to the
text mode by TEXT, it can be returned to the graphics mode
by the GRAPHICS statement.

Line Drawing
Given a starting point and an ending point, the DRAW state-

ment draws a straight line by plotting all the points between
them. All you have to do is use the keyword TO.

16 GRAPHICS 2
20 DRAW 10,10 TO 70,40
30 GoTO 38
In the example above, the starting point is 10,10 and the

112



Chapter 5

destination point is 70,40. The DRAW statement first plots a
point at 10,10. The drawing then continues in the direction of
the point 70,40, and stops when that point is reached. The ef-
fect is one of moving the pen to the new position without ever
lifting it off the screen.

Depending on the angle at which the line is drawn, the
line may appear slightly jagged. (Try 50,40 as the destination
point.) With some angles, the computer can only approximate
a straight line. When the line is not vertical or horizontal or
does not fall on a perfect diagonal, a jagged appearance re-
sults. Change the graphics mode to 4 and run the program
one more time to get a better look at what’s happening.

In extreme cases, a line may appear to be drawn in long
segments. The line in the next example is broken into three
parts because there’s only one row between the two endpoints.

19 GRAPHICS 4
20 DRAW 10,19 TO 60,12
38 GOTO 30

Using a higher resolution often helps to minimize the
problem.

The next program draws lines at all sorts of angles, then
erases them for a shooting star effect.

19 GRAPHICS @:POKE 53280,0:SETPEN 1,1
2@ X1=RND(1)*32@:Y1=RND(1)*200

30 X2=RND(1)*320:Y2=RND(1)*200

40 DRAW X1,Y1,1 TO X2,Y2

50 DRAW X1,Y1,d TO X2,Y2

60 GOTO 20

You cannot change the current drawing pen when drawing
a line this way. The point after the keyword TO consists only
of the X and Y coordinates. A third number for the drawing
pen is not allowed. Remember, once the pen is placed on the
screen by DRAW, it stays on the screen while it draws a line.

On the other hand, a nice feature of the DRAW statement
is that destination points can be chained together. A statement
like DRAW X,Y TO X1,Y1 TO X2,Y2 is perfectly legal. The
statement draws a line from X,Y to X1,Y1, and then draws a
line from X1,Y1 to X2,Y2. Try this:

14 GRAPHICS 6
20 DRAW 14,10 TO 30,10 TO 34,20 TO 10,20 TO 10,10
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30 GOTO 3¢

Here’s another demonstration. This program uses trigo-
nometry to create a picture.

10 GRAPHICS @:POKE 5328@,9:SETPEN 1,15:CX=160:CY=1
o9

20 FOR A=@ TO {/2 STEP 1/180:Y=65*SIN(5*A)*SIN(A):
X=15@0*SIN(A)*cos(a) —

39 DRAW X+CX,Y+CY TO CX,CY TO CX-X,Y+CY:NEXT

40 FOR A=15*1/36 TO 1/2 STEP 1/9@:Y=-30*COS(4*R)*S
IN(A) :X=40*COS(2*A)*COS(A)

50 DRAW X+CX,Y+CY TO CX,CY TO CX-X,Y+CY:NEXT

69 DRAW CX-34,CY-70 TO CX,CY-3@ TO CX+30,CY-70

78 GOTO 7@

When DRAW is used with a destination point, the starting
point is optional. If a point has already been plotted at XY,
the statement DRAW TO X1,Y1 will draw from X,Y to X1,Y1.
In effect, the last position of the pen has been remembered.

This allows chaining of more destination points than can fit on
one BASIC line.

14 GRAPHICS 2

20 DRAW 89,14 TO 111,82 TO 30,38
30 DRAWTO 134,38 TO 49,82 TO 84,10
40 GOTO 40

The pen position is remembered after the DRAW state-
ment has been executed. That’s how the DRAW statement on
line 30 can pick up the drawing where the DRAW of line 20
left off. Notice that when the starting point is omitted, it's okay
to contract the keywords DRAW and TO to form DRAWTO.

Another application of DRAWTO is to use it in a loop.
The same DRAWTO statement can be used to draw a long
chain of lines when it’s executed repeatedly.

100 PRINT CHR$(147);CHR$(155):POKE 53280,8:POKE 53
281,0

119 PRINT "SPIRALS":PRINT "BY CRAIG CHAMBERLAIN":P
RINT

200 X=0.085:Y=ﬁ.1ﬂ5=M=lﬂﬂﬂ:N=l/lBﬂ=R=36@:DIM S(R),
C(R)

218 FOR K= TO 90 :A=M*SIN(K*N):B=A*X:C=A*Y:S(K)=B:
s(189-K)=B

220 S(180+K)=-B:S(R-K)==B:C(278+K)=C:C(90+K)=-C:C(
9¢-K)=C:C(278-K)=-C:NEXT

230 X=160:Y=10@ :K=RND(-RND (@) ) :M=0:N=0 :H=100
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399 GRAPHICS @:A=H*RND(1) :B=H*RND(1) :SETPEN 1, RND( .
1)*15+1:DRAW X,Y

320 FOR K=1 TO 180:N=N+A:IF N>R THEN N=N-R

330 M=M+B:IF M>R THEN M=M-R

340 0=S(N)/H:DRAWTO C(M)*0O+168,S(M)*O+H:NEXT

360 FOR K=1 TO 1000 :NEXT:GOTO 300

Remember, the pen color cannot be changed while the
drawing pen is drawing lines. In the following program, the
effect of the SETPEN statement is not seen until DRAW is
used to plot a starting point.

19 GRAPHICS 6

20 DRAW 10,10 TO 20,20:REM DISPLAYED IN DEFAULT LI
GHT GREEN

30 SETPEN 1,8

49 DRAWTO 30,19:REM STILL IN GREEN

50 DRAW 30,5 TO 14,5:REM NOW IN ORANGE

60 GOTO 60

Whenever the screen is cleared with a CLS, the pen is set
to the home position (0,0). If DRAWTO is used after CLS and
no previous point has been plotted, the drawing will start
from the home position.

Area Filling
The next logical step after plotting points to draw a line is to
plot points that fill in an area. That is done by the statement
FILL.

The syntax for the FILL statement works the same as
DRAW's.

FILL X coordinate, Y coordinate

In fact, FILL X,Y plots one point at XY, just like DRAW
X,Y. The difference is when a destination point is used. The
statement FILL X,Y TO X1,Y1, after plotting an initial point at
X,Y, starts drawing a line to X1,Y1. But as each point of the
line is plotted, all points on the same row, to the left and right
of the line, are also plotted.

190 GRAPHICS 6

20 DRAW 14,19 TO 30,10 TO 390,20 TO 10,20 TO 10,10
3¢ FILL 20,10 TO 20,20

49 GOTO 40

With FILL, the drawing pen behaves more like a paint-
brush that takes a swipe to the left and right on each row
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that’s filled. The brush fills in the background and stops when
it comes to a point that’s already been plotted. This is why the
fill stayed inside the rectangle; the brush stopped when it hit
the left or right side of the shape.

~ FILL is normally used to fill in an area that’s been out-
lined by DRAW. If nothing has been previously drawn to stop
a fill, the filling continues until it reaches the edge of the
screen. There it stops, without causing a range error. Remove
line 20 of the previous example and run it again to see this
happen.

Notice that the fill does not begin at the starting point.
Rather, it begins on the next row.

The FILL statement is handy because it can cover large
areas quickly. FILL can also be used to erase a large area.
There’s an optional third number after the X and Y co-
ordinates for the destination point in a FILL statement. This
number identifies the drawing pen that’s to be covered up
when the fill is performed. When no pen number is given, pen
0 is assumed. Since pen 0 corresponds to the background, this
means that the area to be filled in is the background, and the
filling should stop as soon as it hits anything else (pen 1 or
the screen edge). Here are some examples.

FILL X,Y,1 TO X1,Y1
or
FILL X,Y,1 TO X1,Y1,0

Both of these statements indicate that pen 1 should be used to
fill in the background.

However, this statement specifies that pen 0 should be
used to erase all points plotted in pen 1.

FILL X,Y,0 TO X1,Y1,1

Keep in mind the fact that the pen number in a destina-'
tion point has a different meaning than the pen number for a
starting point. In a starting point, the pen number is used to
change the current pen, to determine whether the pen will be
used for drawing (pen 1) or for erasing (pen 0). If the number
is omitted, the current pen is used.

The pen number in the destination point specifies which
points are to be covered up by the fill. If no number is given,
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it'’s assumed that the background is to be filled in. For a
demonstration, the following program draws several concen-
tric ovals, fills them, and then erases them.

308 GRAPHICS @:POKE 53280,0

305 FOR R=90 TO 18 STEP -10:READ A(R/10):SETPEN 1,
A(R/10)

310 A=160:B=10@ :PH=0 :Y=0 :X=R

320 IY=PH+Y+Y+1l:XY=IY-X-X+1

330 DRAW A+X,B+Y:DRAW A~X,B+Y

340 DRAW A+X,B-Y:DRAW A-X,B-Y

350 DRAW A+Y,B+X:DRAW A-Y,B+X

360 DRAW A+Y,B-X:DRAW A-Y,B-X

370 PH=IY:Y=Y+1:IF ABS(XY)<ABS(IY) THEN PH=XY:X=X-
1

380 IF X>=Y GOTO 320

398 NEXT R

409 FOR R=10 TO 99 STEP 1@:SETPEN 1,A(R/10)

410 FILL A,B-R,1 TO A,B+R,@:FILL A,B+R+l1,8 TO A,B-
R-1,1:NEXT R

42@ END

809 DATA 5,8,4,6,2,7,14,13,1

The DRAW and FILL statements are closely related. When
the FILL statement fills in an area, it is still drawing a line.
The filling is done just to each side of the line.

Filling can be limited, however, to only one side of the
line. The statements LFILL and RFILL work like FILL except
that they fill only to the left or the right. In some applications,
they can be more convenient than using FILL. The next pro-
gram shows an easier way to fill in a box.

19 GRAPHICS 6

20 DRAW 10,20 TO 16,10 TO 30,10
3% LFILLTO 34,20

40 GOTO 40

As a final demonstration of line drawing and area filling,
here’s an example which uses the DRAW, FILL, LFILL, and
RFILL statements to draw the flags of various nations. (Since
“Flags” is a longer program than the previous examples,
we’ve included rem statements at the end of each line. Don’t
type in these rems; they're used with “The Automatic Proof-
reader.” Refer to the Automatic Proofreader article in Appen-
dix D, and have a copy of the Proofreader program saved and
loaded before entering the following.)
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Program 5-5. Flags

For error-free program entry, be sure to use “The Automatic Proofreader,” Appendix D.

100
110
120

300
302

304
3086
308
310
312
314

320
322

324

330
332

334
340
342
344
346

350
352

354
356
360
362

364
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PRINT CHR$(147):PRINT " FLAGS OF NATIONS":PRIN

T " BY BOB RETELLE" :PRINT srem 139
FOR K=1 TO 7:READ S$:PRINT " " S$:NEXT:PRINT
. srem 155
PRINT " PRESS ANY KEY":PRINT " TO DISPLAY THE
{SPACE}NEXT FLAG":GOSUB 600 srem 16
REM SWEDEN srem 61
GRAPHICS 0:CLS 7:POKE 53280 ,9:SETPEN 1,14
srem 251
LFILL 9,76 TO 94,76 TO 94,9:RFILL 319,76 TO 15
g,76 TO 150,09 :rem 48
LFILL ©,122 TO 99,122 TO 99,199:RFILL 319,122
{spAaCE}TO 150,122 TO 150,199 :rem 184
GOSUB 699 srem 177
REM FRANCE srem 39
CLS 1:SETPEN 1,6:LFILL 4,0 TO 106,49 TO 106,199
s:rem 29
SETPEN 1,2:RFILL 319,90 TO 213,49 TO 213,199:GOS
UB 600 srem 143
REM HUNGARY srem 151
CLS 1:SETPEN 1,2:LFILL @,66 TO 319,66 TO 319,90
srem 43
SETPEN '1,5:LFILL ©,134 TO 319,134 TO 319,199:G
OSUB 609 srem 254
REM CZECHOSLOVAKIA srem 144
CLS 6:SETPEN 1,1:RFILL 319,95 TO 140,95 TO @,0
srem 50
SETPEN 1,2:RFILL 319,96 TO 140,96 TO @,199:GOS
UB 600 :rem 168
REM SWITZERLAND s:rem 210

CLS 2:SETPEN 1,1:DRAW 80,88 TO 80,112 :rem 123
DRAW 180,166 TO 180,113:DRAW 240,112 TO 240,88

:DRAW 180,87 TO 184,32 :rem 36
RFILLTO 140,32 TO 140,87:FILLTO 140,112:RFILLT
O 140,166 :GOSUB 600 :rem 15
REM JAPAN srem 230
CLS 1:SETPEN 1,2:CX=160:CY=100:RX=80 :RY=60:DRA
W CX+RX-1,CY strem 161
FOR A=g TO 2*! STEP 1/30:DRAWTO CX+RX*COS(A),C
Y+RY*SIN(A) :NEXT :rem 213
FILL CX,CY-RY TO CX,CY+RY-1:GOSUB 60¢ :rem 138
REM GREAT BRITAIN :rem 249
CLS 1:SETPEN 1,2:DRAW 136,08 TO 136,88:DRAW 136
»112 TO 136,199 :rem 75
LFILLTO 184,199 TO 184,112:FILLTO 184,88:LFILL
TO 184,0 srem 165
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370 DRAW 319,3 TO 216,80 TO 200,80:RFILLTO 307,80

s:rem 169
372 DRAW 319,196 TO 216,120 TO 200,120:RFILLTO 397
199 s:rem 225
374 DRAW 4,196 TO 104,120 TO 120,120:LFILLTO 12,19
9 srem 54

376 DRAW 4,3 TO 104,80 TO 120,89:LFILLTO 12,0
srem 2
380 SETPEN 1,6:DRAW 200,00 TO 200,69:LFILLTO 280,0:
RFILL 319,20 TO 240,80 srem 11
382 RFILL 319,179 TO 240¢,12@:DRAW 200,199 TO 200,1
49 :LFILLTO 280,199 :rem 240
384 DRAW 120,199 TO 120,140:RFILLTO 40,199:LFILL @
180 TO 80,120 s:rem 27
386 LFILL 9,20 TO 80,80:DRAW 120,08 TO 120,60:RFILL
TO 40,9:GOSUB 600 :END s:rem 7
600 WAIT 198,15:GET K$:RETURN s:rem 162
8003 DATA SWEDEN, FRANCE, HUNGARY,CZECHOSLOVAKIA, SWIT
ZERLAND, JAPAN,GREAT BRITAIN trem 160

Multicolor Modes

What happens when two lines of different colors cross each
other? This presents a problem. In modes 0, 2, and 4, when
pen 1 is used to plot points in several colors, if the points in
one color come too close to the points in another color, the
colors interfere with each other. The following program illus-
trates this problem.

10 GRAPHICS 4

20 DRAW 25,5:D=15

30 FOR Y=10 TO 48 STEP 5

40 DRAWTO 40+D,Y

50 D=-D:NEXT

6@ SETPEN 1,2:DRAW 43,5 TO 43,40
79 GOTO 79

The cause of the problem is that no matter which bitmap
resolution is used, the color resolution is always 40 X 25. The
bitmap portion of the screen may allow 320 X 200 points, but
the color portion is always divided into 40 X 25 “color
squares.” Each color square is the same size as a text charac-
ter, and all the points in a square have to share the same
color. If the first color square on the screen is red, then all
points plotted in that area will appear red. Points drawn in the
next color square could have a different color, but again they
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would all have to be the same color. This next program gives
a better view of what actually happens when two colors come
too close to each other.

19 GRAPHICS 4

20 DRAW 20,40 TO 20,16 TO 69,10:LFILLTO 60,40
30 SETPEN 1,2:DRAW 19,5 TO 59,45

40 GOTO 46

The parts of the line outside the box appear in the correct
resolution. Inside the box, though, you get a perfect picture of
the color squares. As the points forming the line were plotted,
the color squares for those points were changed to red, the
new pen color. The problem is that the color squares were also
used by other points not in the line, and those points changed
to red as well.

To help get around this limitation, the VIC-II chip sup-
ports a multicolor bitmap mode. This mode allows three colors
in each color square, not just one. Now, when three points are
plotted in the same color square, each can have a different
color.

The multicolor mode has been implemented in the BASIC
extensions as graphics modes 1, 3, 5, and 7. They are prac-
tically the same as modes 0, 2, 4, and 6, except that there are
now three drawing pens (pens 1, 2, and 3) for plotting, not
just one. You can use pen 1 to draw a line in one color, then
use pen 2 to draw a line with a different color crossing the
first line. There will be no conflict at the intersection.

19 GRAPHICS 5

20 DRAW 25,5:D=15

30 FOR Y=10 TO 48 STEP 5

40 DRAWTO 40+D,Y

58 D=-D:NEXT

60 SETPEN 2,2:DRAW 43,5,2 TO 43,40
76 GOTO 79

The program with the line passing through the box has
been modified to use all three drawing pens.

19 GRAPHICS 5

20 DRAW 20,40 TO 20,19 TO 64,18:LFILLTO 60,40
30 SETPEN 2,2:DRAW 19,5,2 TO 59,45

49 GOTO 4@
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As shown by the last example, the default colors for pens
2 and 3 are light red (color 10) and blue (color 6), respectively.
These colors were chosen because they have different lumi-
nance values, so they’ll appear as different shades of gray on a
black-and-white television. Pen 1’s default remains light green
(color 13).

The colors for pens 1, 2, and 3 are set back to the default
values every time the GRAPHICS statement is executed.

The multicolor modes 1, 3, 5, and 7 are identical in
resolution to modes 0, 2, 4, and 6, with one exception. The
VIC-II chip does not support a horizontal resolution of 320
points in multicolor mode. Therefore, mode 1 has a resolution
of 200 points vertically, but only 160 across.

Mode Resolution Mode Resolution
0 320 X 200 1 160 X 200

2 160 X 100 3 160 X 100
4 80 X 50 5 80 X 50
6 40 X 25 7 40 X 25

It's not possible to mix normal and multicolor modes on
the same screen. The MODE statement can be used to switch
to any mode, but it’s recommended that you switch only
among modes 0, 2, 4, and 6, or modes 1, 3, 5, and 7. If you
cross between a normal mode and a multicolor mode, the pic-
ture will appear to be distorted.

Since modes 3, 5, and 7 can do everything that modes 2,
4, and 6 can do, with the added convenience of two more
drawing pens, you might wonder why modes 2, 4, and 6 are
even needed. The fact that normal and multicolor modes can-
not be mixed explains why the multicolor modes are not used
exclusively. For most applications, the convenience of three
drawing pens makes the multicolor modes preferable. How-
ever, if you want to use the highest resolution, 320 X 200, the
multicolor modes cannot be used. If you want to mix other
resolutions with the 320 X 200 mode, you need to use modes
2, 4, and 6.

Multicolor modes are used when you need up to three
colors next to each other. The following program, which draws
some three-dimensional cubes, could not be written in a nor-
mal graphics mode.

10 GRAPHICS 1:POKE 53280,9
2@ FOR X=8 TO 148 STEP 30:FOR Y=20 TO 178 STEP 37:
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A=INT(RND(@)*15)+1

30 B=INT(RND(@)*15)+1:IF B=A GOTO 30

40 C=INT(RND(@)*15)+1:IF C=A OR C=B GOTO 40

5¢0 SETPEN 1,A:DRAW X,Y,1 TO X,Y+20 TO X+15,Y+20:LF
ILLTO X+15,Y:SETPEN 2,B

60 DRAW X+16,Y-1,2 TO X+21,Y-11:LFILL X+21,Y-9 TO
{SPACE}X+21,Y+9 TO X+16,Y+19

78 SETPEN 3,C:DRAW X+20,Y-11,3 TO X+5,Y-11:RFILLTO
X+1,Y-1

80 NEXT:NEXT:WAIT 198,15:GET K$:GOTO 10

This program demonstrates drawing and filling in three
drawing pens. One other possibility yet to be considered is
filling in an area that has already been filled by another pen.
If -an area has been filled using pen 1 and you want to fill the
inside of the area using pen 2, the optional third number after
the destination point in the FILL statement has to be used.
The following program draws some concentric diamond
shapes to show how the pen number is used.

190 GRAPHICS 3

20 DRAW 80,8 TO 159,49 TO 80,99:RFILLTO @,49 TO 79
1
’

30 DRAW 80,20,2 TO 139,49 TO 8d,79:RFILLTO 20,49,1
TO 80,20,1

40 DRAW 80¢,30,3 TO 119,49 TO 80,69:RFILLTO 40,49,2
TO 80,30,2

50 DRAW 80,45,8 TO 99,49 TO 80,54:RFILLTO 60,49,3
{sPACE}TO 80,45,3

60 GOTO 60

The first diamond is drawn normally. No third number is
used in the destination points because it’s the background
that’s being filled. On the second diamond, the drawing pen is
changed to pen 2. Because this diamond is drawn inside the
first one, the destination points in the RFILL statement in-
dicate that points plotted in pen 1 are to be covered by the
filling. Notice that the third number has to be used in both
destination points. For the third diamond, pen 3 is used, and
the filling covers up pen 2. The last diamond is drawn by
erasing part of the previous diamond. Points plotted in pen 3
are erased by pen 0.

One other difference between the multicolor modes and
the normal modes is that in multicolor modes, the background
color can be changed by POKEing location 53281. This allows
you to change the background color without clearing the
screen.
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Shapedit

Introduction to Shape Tables
Statements like GRAPHICS and DRAW certainly make
bitmapped graphics easy to use. In fact, bitmapped graphics
would hardly even be feasible without them. These statements
become less convenient, however, when they’re used to draw
detailed shapes. Drawing a rectangle or a box is easy enough,
but drawing something like the outline of a person may re-
quire much more complicated plotting. It can take a lot of
work to get all the coordinates in DRAW statements set prop-
erly. Also, the speed advantage of the machine language
diminishes when several statements have to be executed.

The best way to handle shape drawing is to use a graph-
ics utility commonly known as a shape table. A shape table is a
sequence of instructions which tell the drawing pen where to
plot points. Each instruction moves the pen one position, such
as up, down, left, or right. After the pen moves to the new po-
sition, a point is plotted. Several instructions in the proper or-
der can make the drawing pen trace a path to draw a shape.

To complete the collection of machine language graphics
routines, we’ve provided a routine which uses shape tables to
draw. Instructions in this implementation can move the pen in
eight directions and plot points using pens 0 to 3. There are
also advanced instructions to change the pen color, move the
pen to another place on the screen, draw lines, fill areas, and
SO on.

The SHAPE statement is used to draw a shape. The syn-
tax for this statement is:

SHAPE address, X coordinate, Y coordinate

A shape table is stored as bytes in memory. The first
number after the keyword SHAPE is the address of the shape
table. The X and Y coordinates are the starting position of the
pen. When the SHAPE statement is executed, the pen starts at
the designated position and moves according to the instruc-
tions in the shape table.

The significance of this is that a single BASIC statement
can draw an entire shape. And because only one statement is
involved, the drawing of individual points is done much
faster. By using the SHAPE statement, you can do things with
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bitmapped graphics that otherwise cannot be done.

Let’s take a look at just what the SHAPE statement can
do. The following demonstrations illustrate just some of the
things SHAPE is capable of. Remember that “BMG.OBJ" (Pro-
gram 5-3) must first be loaded into memory. Use the loader pro-
gram (Program 5-1 for disk, or Program 5-2 for tape) to load
up the BMG BASIC extensions program.

The three example programs have many lines in common.
To reduce typing, enter Program 6-1 and save it using the
filename SHP.BAS.

These lines do not form a program and will not work
properly if you try to run them. Rather, they are subroutines
which must be contained in every program that uses shapes,
whether those programs are demonstrations from this book or
programs you later write yourself. The lines have been num-
bered starting at 56500 so that they’ll be out of the way of
normal program lines.

Program 6-1. SHP.BAS

For error-free program entry, be sure to use “The Automatic Proofreader,” Appendix D.

56509 POKE SA,1:POKE SX,DN:POKE SY,@:SYS 65466:F$=

F$+" .SHP" :GOSUB 59000 srem 50
56510 POKE SA,@:POKE SX,LA-256*INT(LA/256) :POKE SY
,INT(LA/256) trem 76
56520 SYS 65493:IF PEEK(SP)AND1 GOTO 59190 :rem 42
56538 NS=PEEK(LA):DIM AS(NS):LA=LA+1l srem 107
56540 FOR K=0 TO NS:AS(K)=LA+2:LA=LA+2+PEEK(LA)+25
6 *PEEK (LA+1 ) :NEXT : RETURN srem 120
59000 FOR K=1 TO LEN(FS$):POKE 584+K,ASC(MIDS$(F$,K)
) :NEXT :rem 88
59018 POKE SA,LEN(F$):POKE SX,73:POKE SY,2:SYS 654
69 : RETURN ) srem 6
59100 P=PEEK(SA):PRINT " ERROR: ";:IF P=4 THEN PRI
NT "FILE NOT FOUND":END srem 200

59110 IF P=5 THEN PRINT "DEVICE NOT PRESENT":END
srem 36
59120 PRINT ST:END srem 70

Now that you've created the “SHP.BAS” file, you're
ready to enter the demonstrations. As you type in each ex-
ample program, start with the SHP.BAS file already in mem-
ory. In other words, instead of typing NEW before entering
each program, enter LOAD“SHP.BAS”,8 for disk, or
LOADSHP.BAS” for tape. Then begin typing the lines in the
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demonstration program. The result merges the SHP.BAS lines
with those from the demonstration file to create a complete
program.

One more thing must be done before a demonstration will
work. Shape tables are stored as data files on tape or disk. Use
the “MLX" program from Appendix C (this is the same pro-
gram you used to create BMG.OB] in Chapter 5) to enter the
shape file which corresponds with the demonstration program.
If you're using tape, save the shape file immediately after the
demonstration program.

All demonstration programs as listed are set for use with
the disk drive. To make a demonstration work with the
Datassette, change the assignment of variable DN (the device
number) from 8 to 1 in line 110.

Program 6-2 is the first demonstration. Merge it with the
SHP.BAS (Program 6-1) and save the program with the
filename MUNCHKINS.

Program 6-2. MUNCHKINS

For error-free program entry, be sure to use “The Automatic Proofreader,” Appendix D.

109 PRINT CHR$(147):PRINT " MUNCHKINS":PRINT " BY

{SPACE}CRAIG CHAMBERLAIN":PRINT :rem 176
110 DN=8:SA=780:SX=781:SY=782:SP=783 :rem 133
120 F$="MUNCHKIN":LA=PEEK(49)+256*PEEK(50)+100d:G0O

SUB 56580 :REM LOAD SHAPES :rem 55
300 GRAPHICS 3:POKE 53284,0 srem 222
319 M=AS(®):SHAPE M,110,10:SHAPE M, 78,20 :SHAPE M, 4

2,35 srem 171
320 MODE 1:SHAPE M, 3@,35:SHAPE M, 110,65 :SHAPE M, 35

, 125 srem 163
330 MODE 5:SHAPE M, 45,25 srem 16
349 WAIT 198,15:GET K$ srem 137
350 GRAPHICS 7:SHAPE M, 15,3 :rem 9
360 WAIT 198,15:GET K$ s:rem 139
373 END trem 113

Program 6-3 is the shape file for the “"MUNCHKINS"”
program. Save this file using the filename MUNCHKIN.SHP.
All shape files (shape filenames always end with .SHP) must
be entered and saved using the MLX program found in
Appendix C. Each of these files requires a starting and ending
address, as well as a filename, when prompted by MLX. Be
sure to read the accompanying article in Appendix C before
going on.
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Program 6-3. MUNCHKIN.SHP

To enter this program, you must use “The Machine Language Editor (MLX),” a program
found in Appendix C.

Starting Address: 49152
Ending Address: 49295
Filename: MUNCHKIN.SHP

49152 :009,139,000,087,083,083,136
49158 :083,083,083,083,099,115,040
49164 :115,099,115,067,115,115,126
49174 :115,115,091,115,115,115,172
49176 :107,083,083,083,083,983,034
49182 :083,083,083,083,083,083,016
49188 :067,067,083,099,099,075,014
49194 :083,107,083,083,091,115,0@92
49204 :115,115,115,115,115,115,226
49206 :115,115,115,115,115,115,232
49212 :115,115,115,115,839,163,214
49218 :063,171,163,171,171,171,208
49224 :171,179,179,191,083,083,190
49239 :083,119,211,063,227,235,248
49236 :227,235,227,235,235,235,198
49242 :243,191,083,083,083,103,108
49248 :147,963,163,163,171,163,198
49254 :163,171,163,155,155,191,076
49260 :083,083,083,135,211,063,254
49266 :227,219,227,235,227,219,188
49272 :219,227,227,235,191,083,022
49278 :083,083,083,071,147,063,144
49284 :163,163,163,155,155,155,062
49290 :163,155,155,255,013,013,124

This first demonstration uses several SHAPE statements
to draw the same shape at different positions and in different
resolutions. Notice that the legs of the Munchkin shape consist
of many points that would require a lot of DRAW statements
if a shape table wasn't used. Also notice that the shapes are
drawn very quickly.

In the second demonstration, the illusion of more than
four shapes is created by drawing the shapes with different
color combinations. Type in and save Program 6-4 using the
filename BROTHERHOOD (don't forget to first load SHP.BAS
before typing what you see below). You'll also need to enter
(with MLX) the shape file (Program 6-5).
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Program 6-4. BROTHERHOOD

For error-free program entry, be sure to use “The Automatic Proofreader,” Appendix D.

100 PRINT CHR$(147):PRINT " BROTHERHOOD" :PRINT " B

Y MARK DAVIDS":PRINT srem 170
110 DN=8:SA=780:SX=781:SY=782:SP=783 srem 133
120 F$="FAMILY":LA=PEEK(49)+256*PEEK(50)+1800:G0SU
B 56500 :REM LOAD SHAPES srem 156

308 GRAPHICS 3:POKE 53280,11:POKE 53281,12 :rem 11
310 FOR K=20 TO 8@ STEP 3@:GOSUB 600 :SHAPE AS(4*RN

D(@)),10,K srem 182

320 FOR J=1 TO 10:GOSUB 600 :SHAPE AS(4*RND(@)) :NEX

T J,K srem 21

330 WAIT 198,15:GET K$:CLS 12:GOTO 310 srem 14

600 N=3*RND(Q) :SETPEN 1,9+N:SETPEN 3,7*RND(@)+1 :0ON

N GOTO 620,630 srem 64

610 SETPEN 2,7*INT(2*RND(@)) :RETURN srem 60

620 N=INT(3*RND(@)) :SETPEN 2,-7*(N=1)-9*(N=2) :RETU

RN srem 219

630 SETPEN 2,9 :RETURN srem 16
Program 6-5. FAMILY.SHP

To enter this program, you must use “The Machine Language Editor (MLX),” a program
found in Appendix C.

Starting Address: 49152
Ending Address: 49445
Filename: FAMILY.SHP

49152 :003,070,000,0883,115,139,154
49158 :139,131,139,131,147,022,2083
49164 :031,163,155,163,155,099,010
49179 :983,098,179,9033,031,000,096
49176 :001,115,115,123,067,083,016
49182 :083,083,099,115,115,123,136
49188 :179,139,147,147,147,155,182
49194 :016,002,021,179,029,095,128
49200 :227,018,031,061,031,163,067
49206 :179,195,049,031,012,195,203
49212 :013,095,227,037,031,155,106
49218 :179,203,033,031,030,017,047
49224 :255,046,000,083,091,091,126
49230 :155,147,147,147,147,075,128
49236 :075,075,016,021,067,123, 205
49242 :083,083,067,115,115,179,220
49248 :139,147,147,155,012,021, 2085
49254 :155,147,147,227,243,243,240
49260 :227,211,211,227,227,899,030
49266 :051,115,195,195,022,049,229
49272 :255,103,000,083,083,067,199
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49278 :067,083,067,083,067,211,192
49284 :083,067,091,067,075,067,070
49290 :115,115,115,099,083,083,236
49296 :075,131,179,179,179,171,034
49302 :163,163,147,014,017,163,0849
49398 :163,163,179,227,083,099,046
49314 :083,099,083,099,099,083,196
49320 :012,025,227,243,243,243,137
49326 :227,211,211,211,219,243,216
49332 :243,243,243,243,227,211,054
49338 :211,211,211,211,219,243,212
49344 :243,243,243,243,243,243,114
49350 :227,211,211,211,211,211,200
49356 :211,211,227,024,031,018,158
49362 :099,029,031,163,179,179,122
49368 :179,006,067,115,115,825,211
49374 :095,026,025,255,061,000,172
49380 :083,219,211,203,203,211,0878
49386 :067,123,083,083,067,115,004
49392 :115,179,139,147,147,155,098
49398 :000,013,227,219,219,211,111
49404 :075,008,243,243,243,227,011
49410 :211,211,211,243,243,243,084
49416 :243,219,211,211,163,179,210
49422 :179,163,147,147,163,163,208
49428 :163,163,227,051,243,131,230
49434 :131,131,131,147,018,033,1085
49440 :255,013.013,9013,013,013,096

The final demonstration draws a background scene and

then uses fast shape-table plotting to make some tulips grow.
As before, make sure both the following programs are on the
same disk. If you're using tape, place the shape file (Program
6-7), immediately after Program 6-6. Remember to place the
lines from SHP.BAS, Program 6-1, in memory before starting
to type Program 6-6.

Program 6-6. TULIPS

For error-free program entry, be sure to use “The Automatic Proofreader,” Appendix D.

100

110
120

200
210

128

PRINT CHR$(147):PRINT " TULIPS":PRINT " BY MAR

K DAVIDS" :PRINT srem 75
DN=8 : SA=780 : SX=781 : SY=782 :SP=783 srem 133
F$="TULIPS" : LA=PEEK(49)+256*PEEK(50)+108068 :GOSU
B 56500 :REM LOAD SHAPES srem 187
DIM X(14),Y(14),Tx(14),TY(14) :rem 210
FOR C=1 TO 14:TX(C)=10*C+INT(5*RND(@)) :TY(C)=7
Z+INT(10*RND(@) ) : NEXT srem 210
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220 FOR C=1 TO 14:R=C+INT((15-C)*RND(@)) :X(C)=TX(R

):Y(C)=TY(R) trem 195
230 TX(R)=TX(C):TY(R)=TY(C) :NEXT srem 226
300 GRAPHICS 1:POKE 53280,6:SETPEN 1,14:LFILL @,90
TO 159,98 TO 159,08 srem 148
319 SETPEN 2,9:DRAW @,75,2 TO 50,35 TO 160,60 TO 1
23,40 TO 159,70 srem 133
320 FILL 9,99 TO 50,94,1 TO 50,36,1:FILL 124,61 TO
120,41,1 srem 32

330 MODE 5:SETPEN 1,5:DRAW ©,22,1 TO 79,22:rem 179
340 MODE 3:FOR C=1 TO 75:DRAW 15@*RND(@),43:NEXT

srem 105

493 FOR K=@ TO 9:FOR C=1 TO 14:SHAPE AS(K),Xx(c),Y(
C) :NEXT:NEXT srem 231

4109 WAIT 198,15:GET KS$ srem 135
429 END srem 109

Program 6-7. TULIPS.SHP

To enter this program, you must use “The Machine Language Editor (MLX),” a program
found in Appendix C.

Starting Address: 49152
Ending Address: 49283
Filename: TULIPS.SHP

49152 :010,007,000,067,115,075,018
49158 :067,091,099,255,006,000,012
49164 :067,123,067,075,091,255,178
49170 :008,009,067,033,099,067,036
49176 :099,091,083,255,013,000,053
49182 :067,9004,009,075,115,099,143
49188 :006,017,067,067,006,021,220
49194 :255,014,000,9067,008,017,147
49200 :875,107,918,001,083,115,191
49206 :004,017,067,067,255,011,219
49212 :000,067,0908,017,067,115,078
49218 :067,014,025,867,067,255,049
49224 :008,009,081,067,115,067,154
49239 :083,083,099,255,007,000,093
49236 :067,089,119,187,147,147,072
49242 :255,016,000,119,000,1085,073
49248 :147,179,147,147,026,109,083
49254 :024,097,179,147,179,179,139
49260 :255,015,000,067,004,105,042
49266 :119,163,163,131,131,155,208
49272 :139,155,139,163,163,255,110
49278 :001,009,255,013,013,013,165
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The Shapedit Program

Now that you've seen a small sampling of what the SHAPE
statement can do, you ought to try creating a few shapes of
your own. You'll be glad to know that making a shape is as
easy as using a joystick. “Shapedit,” Program 6-8, simplifies
the task of defining a shape table. This program makes it easy
to create and edit up to 100 shapes in any graphics mode. It
also has options to save shape files to tape or disk. Shapedit
has been carefully designed to make shape creation as simple
as possible.

Shapedit uses graphics statements, so be sure that
the BASIC extensions have been installed.(by running
“BMGLOADER”) before you enter, save, load, or run the
program.

It's set to use the disk drive. Again, to make it work with
the Datassette, change the statement DN =8 in the first line to
DN=1.

Save the program using the filename SHAPEDIT before
you run it. This is a wise precaution whenever you run a pro-
gram for the first time, in case the computer crashes due to a
typing mistake.

Plug a joystick into port 2 and type RUN. The program
takes a moment to initialize and then displays a black screen
with a five-line text window at the bottom. The first line re-
ports status information, including the current drawing pen,
the current origin, and the current pen position. The next four
rows have items which are accessible by moving the joystick.
Items are selected by pressing the joystick button. The screen
above the text window is graphics mode 7.

Program 6-8. Shapedit

For error-free program entry, be sure to use “The Automatic Proofreader,” Appendix D.
This program requires that BMG.OB]J (Program 5-3) be loaded into your computer before it
is entered, saved, loaded, or run.

100 DN=8:X=0@:Y=0 :XX=0:YY=0 :JS=56320:SA=780:SX=781:
SY=782:SP=783:GOTO 800 srem 82
114 POKE 214,19:PRINT:F$=STRS$(X) :PRINT TAB(31) RIG
HTS (F$,LEN(F$)-1) ","; srem 219
128 F$=STRS(Y) :PRINT RIGHTS(F$,LEN(F$)-1) LEFTS(BL
$,39-P0$(ﬂ)):K=FRE(0):RETURN crem 13
130 SsYs 49345:T1=MX(MD):T2=MY(MD) :rem 164
1409 SYS 49391,X,Y:GOSUB 110 srem 243
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150 N=PEEK(JS)AND15:IF N=15 THEN ON ((PEEK(JS)ANDl

6)=0)+2 GOTO 185,150 srem 69

168 X=X+JX(N):IF X<@ OR X>T1 THEN X=-T1*(X<@)
srem 238

178 Y=Y+JY(N):IF Y<@ OR Y>T2 THEN Y=-T2*(Y<Q)
srem 248
184 GOTO 140 trem 103
185 WAIT JS, 16 :RETURN srem 29
199 POKE 214,2@+(CN AND3) :PRINT:PRINT TAB(U(CN/4))
CHRS$(N) CNS$(CN); :RETURN srem 221
200 N=146:GOSUB 19@:IF PF=@ GOTO 230 srem 166
210 PF=@ :X=XX:Y=YY:GOSUB 130 :XX=X:YY=Y:POKE 53269,
@:GOSUB 74@:POKE 198,0 srem 112
220 GOSUB 65@:IF PEEK(SP)AND1ORFNDP(52495)>MX(MD)0O
RPEEK(52497)>MY(MD) GOTO 798 srem 62
230 POKE 52479,DP:IF DP THEN POKE 53280 ,PEEK(52488
+DP) :GOTO 240 srem 193
235 POKE 53284,CL trem 134

240 X=FNDP(52495) :Y=PEEK(52497):GOSUB 118 :rem 74
245 SYS 49466 :N=PEEK(SA):IF N=255 THEN POKE 53269,

@:GET F$:GOTO 260 s:rem 184
250 POKE AS+SL-l,N:POKE AS+SL,255:SL=SL+1:FM=FM-1:
IF FM>@ GOTO 230 srem 47
255 F$="MEMORY FULL":GOTO 795 srem 171
260 IF F$<>CHR$(136) GOTO 275 t:rem 206
265 DP=DP+1 :DP=DPANDPEEK(52483) :POKE 214,19 :PRINT:
PRINT TAB(5) CHRS(48+DP) srem 74
270 GOTO 239 srem 103
275 IF F$<>CHR$(133) GOTO 330 trem 201
280 IF SL=1 GOTO 245 s:rem 10
285 SL=SL~1:FM=FM+1:POKE AS+SL~-1,255:CLS CL:IF SL>
1 GOTO 229 srem 173
290 PF=1:GOTO 320 srem 167
300 POKE AS+SL-1,N:POKE AS+SL, 255 :SL=SL+1 : FM=FM-1 :
IF FM<1l GOTO 255 srem 49
310 IF CN=12 GOTO 521 srem 37
320 N=146:GOSUB 190 srem 15
330 CN=8:N=18:GOSUB 199 :K=FRE (@) :WAIT Js, 16

s:rem 221
350 POKE 198,08 :K=PEEK(JS)AND15:IF K<>15 THEN N=146
:GOSUB 199 :GOTO 389 srem 126
3680 IF PEEK(JS)AND16 GOTO 350 srem 70
365 WAIT JS,16:1IF PF AND (CN=2 OR CN=9 OR CN=1¢ OR
CN>11) GOTO 350 trem 161
378 ON CN+1 GOTO 400,410 ,440,450,460,470,4808,358,2
90,509,510,490,520 srem 33

375 N=U(CN-8):0N CN-12 GOTO 539,540,550 :GOTO 560
srem 40
380 CN=CN+4*JX(K)+JY(K):IF JY(K)=-1 AND (CN AND3)=
3 THEN CN=CN+4 :rem 230
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385
390
395
400
401
402

403
404

405
406
407
408

410
411

412
413
414
415
416
417
418
420
422

424
440

442
443

132

IF JY(K)=1 AND (CN AND3)=@ THEN CN=CN-4

srem 243
CN=CN-2@* (CN<@)+2@0* (CN>19) : IF CN=7 GOTO 380
srem 229
N=18:GOSUB 19@0:FOR K=1 TO 5@ :NEXT:GOTO 350
srem 79
GOSUB 77@:1IF F$="" THEN GOSUB 76@:GOTO 320
:rem 186
POKE 53269,0:PF=1:GOSUB 679:POKE SA,l1:POKE SX,
DN:POKE SY,@:SYS 65466 srem 159
F$=F$+".SHP" :GOSUB 60@:POKE SA,@:POKE SX,FNL(B
A) :POKE SY,FNH(BA) srem 189
POKE 648,188:POKE 214,19:PRINT srem 146
SYS 65493 :N=(PEEK(SP)AND1 )*PEEK(SA) :POKE 648,1
92 :PRINT srem 163
GOSUB 760 :CLS CL:SYS 49152:IF N THEN GOSUB 730
:GOTO 420 s:rem 8
NS=PEEK(BA) :AS=BA+1 :FOR K=@ TO NS:SL%(K)=FNDP (
AS) :AS=AS+2+SL%(K) :NEXT srem 92
FM=MT-AS:IF FM<@ THEN GOSUB 730 :F$="NOT ENOUGH
MEMORY" :GOTO 795 srem 171
SN=@ :POKE 214,20 :PRINT:PRINT TAB(15) "@ ":GOSU
B 630:GOTO 320 srem 35
IF NS=@ AND SL=1 GOTO 350 srem 227
GOSUB 77@:1IF F$="" THEN GOSUB 763:GOTO 320
s:rem 188
GOSUB 640 :POKE BA,NS:AS=BA+1:FOR K=0 TO NS:POK
E AS,FNL(SL%(K)) srem 43
POKE AS+1,FNH(SL%(K)) :AS=AS+2+SL%(K) :NEXT:POKE
53269,9:GOSUB 670 srem 149
POKE SA,l:POKE SX,DN:POKE SY,@:SYS 65466 :F$=F$
+" .SHP" :GOSUB 600 srem 99
POKE SA,251:POKE 251,FNL(BA) : POKE 252 ,FNH(BA)
srem 224
POKE SX,FNL(AS):POKE SY,FNH(AS):POKE 648,188:P
OKE 214,19:PRINT srem 157
SYS 65496 :N=(PEEK(SP)AND1 ) *PEEK(SA) :POKE 648,1
92 :PRINT srem 170
GOSUB 76@:SYS 49152:GOSUB 630:IF N=@ GOTO 320
srem 157
IF N=4 THEN F$="FILE NOT FOUND":GOTO 795
srem 163
IF N=5 THEN F$="DEVICE NOT PRESENT":GOTO 795
srem 219
F$=STRS$ (ST) :GOTO 795 srem 110
SL%(SN)=SL:H=NS:GOSUB 66@:IF FM<SL%(N) THEN F$
="NOT ENOUGH MEMORY":GOTO 795 srem 157
S=BA+3:IF N=@ GOTO 445 trem 101
IF N<=SN THEN FOR K=@ TO N-1:S=S+SL%(K)+2 :NEXT
:GOTO 445 srem 61
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444 S=MT+2:FOR K=N TO NS:S=S-2-SL%(K):NEXT:rem 231
445 L=SL%(N) :D=AS+SL~1:GOSUB 620 :SL=SL+L~-1:FM=FM-L

+1:POKE 53269,3:GOSUB 650 srem 113

446 IF PEEK(SP)AND1 OR FNDP(52495)>MX(MD) OR PEEK(
52497)>MY(MD) GOTO 790 srem 243

447 X=FNDP(52495) :Y=PEEK(52497) :GOSUB 118:GOTO 33%
srem 91

450 GOSUB 78@:IF K$<>"Y" GOTO 320 srem 213
455 GOSUB 670 :POKE 648,4:POKE 51578,200:POKE SX,23
7:POKE SY,246:SYS 49888:END srem 111

460 SL%(SN)=SL:L=0 :H=NS:N=SN:IF FM>2 AND SL%(NS)>1
AND H<MX THEN H=NS+1 srem 86

462 GOSUB 720:PF=1:IF N=SN GOTO 329 :rem 182.
464 T1=N:N=146:GOSUB 199 :GOSUB 640 srem 182
466 SN=T1:IF SN>NS THEN NS=SN:SL%(SN)=1:FM=FM-3:PO
KE AS+SL+AB+2,255 srem 239

468 GOSUB 630 :GOTO 339 srem 196
47@ N=CL:L=@:H=14:GOSUB 72@:CL=N:CLS CL:POKE 53269
,@:PF=1 s:rem 42

475 POKE 53287,-(CL<>1):GOTO 320 srem 196
480 N=MD:L=@ :H=7 :GOSUB 720 :MD=N:MODE MD:IF XX>MX(M
D) THEN XX=MX(MD) crem 27

482 IF YY>MY(MD) THEN YY=MY(MD) srem 75
484 DP=DPANDPEEK(52483) :X=XX:Y=YY:GOSUB 760 :POKE 5
2479 ,DP:PF=1:GOTO 329 srem 38

499 GOSUB 780:1IF K$<>"Y" GOTO 320 srem 217
492 FM=FM+SL-1 :SL=1:POKE AS,255:CLS CL:PF=1:IF SN<
NS OR NS=@ GOTO 320 srem 227

494 NS=NS-1 :FM=FM+3 :SN=NS:POKE 214,20 :PRINT:PRINT
{SPACE}TAB(14) SN "{LEFT} ":GOSUB 630 :rem 176

496 GOTO 320 srem 113
500 H=15:GOSUB 660:POKE 525@5,N+128:N=16*N+7:GOTO

{ SPACE } 300 srem 140
510 H=3:GOSUB 66@:POKE 52492,#:IF N THEN POKE 5249

2,PEEK(52486 )ORPEEK(52435+N) srem 40
515 N=N*64+15:GOTO 300 srem 159
520 TX=X:TY=Y:GOSUB 130 :TX=X-TX:TY=Y-TY c:rem 78
521 IF TX=@0 GOTO 524 crem 20
522 N=ABS(TX):IF N>64 THEN N=64 :rem 218
523 T1=TX:TX=SGN(TX)*(ABS(TX)—N):N=(N-1)*4—2*(Tl>ﬂ

) :GOTO 309 srem 204
524 IF TY=0 THEN POKE 52495,FNL(X) :POKE 52496, FNH(

X):POKE 52497,Y:GOTO 320 srem 133
525 N=ABS(TY):IF N>32 THEN N=32 srem 212
526 T1=TY:TY=SGN(TY)*(ABS(TY)-N):N=(N—l)*8—4*(Tl>ﬁ

)+1:GOTO 390 srem 53
530 POKE 52498,FNL(X):POKE 52499 ,FNH(X) :POKE 52580

+Y:GOTO 300 srem 159
540 X=FNDP(52498) :Y=PEEK(525@0) :GOTO 555 srem 7
550 X=0:Y=0 trem 95
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555
560

565
600

610
620
625
630

632
634

640
645
650
652

654
660

670
720

SYS 49391,X,Y:POKE 52495,FNL(X):POKE 52496 ,FNH

(X) :POKE 52497,Y:GOTO 300 trem 251
POKE SA,20-CN AND3:POKE SX,FNL(X):POKE SP,FNH(
X):POKE SY,Y s:rem 208
SYS 51831:GOTO 300 s:rem 167
FOR K=1 TO LEN(FS$):POKE 584+K,ASC(MIDS$S(FS$,K)):
NEXT t:rem 240
POKE SA,LEN(F$):POKE SX,73:POKE SY,2:SYS 65469
sRETURN srem 158
POKE 251,FNL(S):POKE 252,FNH(S):POKE 253,FNL(D
) :POKE 254,FNH(D) srem 2
POKE SX,FNL(L) :POKE SY,FNH(L):SYS 49777 :RETURN
srem 63
SL=SL%(SN) :AS=BA+3:IF SN THEN FOR K=@ TO SN-1l:
AS=AS+SL%(K)+2 :NEXT srem 241
AB=@:IF SN=NS THEN RETURN trem 226
FOR K=SN+1 TO NS:AB=AB+SL%(K)+2:NEXT:S=AS+SL:L
=AB:D=MT-L:GOTO 629 trem 121
SL%(SN)=SL:IF AB=@ THEN RETURN srem 244
L=AB:S=MT-L:D=AS+SL:GOTO 620 s:rem 179
POKE 52493,FNL(AS) :POKE 52494 ,FNH(AS) :POKE 524
95,FNL(XX) :POKE 52496,FNH(XX) srem 27
POKE 52497,YY:POKE SA,@:POKE 52489,13:POKE 524
99,19:POKE 52491,6 s:rem 221
SYS 52166 :RETURN :rem 188
N=146:GOSUB 190 :CN=7:N=18:GOSUB 19@:PRINT "
{OFF} @ ";:N=0:L=0:GOTO 720 srem 211
POKE 49321,8:FOR K=1 TO 1@0@:NEXT:SYS 49322:RET
URN srem 9
K=PEEK(JS)AND15:IF K<>15 THEN N=N+JX(K):GO0TO 7
26 srem 228
IF PEEK(JS)AND16 GOTO 720 srem 73
RETURN srem 125
IF N<L THEN N=H srem 6
IF N>H THEN N=L srem 9
POKE 214,20+ (CN AND3):PRINT:PRINT TAB(14) N "
{LEFT} "; srem 141
FOR K=1 TO 5@:NEXT:GOTO 720 srem 287
NS=@ : SN=@ : AS=BA+3 :SL=1 :POKE AS, 255 :FM=MT-AS:AB
=0 srem 126
POKE 214,20 :PRINT:PRINT TAB(15) "@ ":RETURN
srem 154
POKE 214,19:PRINT:F$=STRS$(XX) :PRINT TAB(14) RI
GHTS$(FS,LEN(FS$)-1) ","; srem 61
F$=STRS$ (YY) : PRINT RIGHTS (F$,LEN(FS$)-1) LEFTS$(B
L$,22-POS(@)); :RETURN srem 131
POKE 214,19:PRINT:PRINT BL$:POKE 214,19:PRINT:
RETURN srem 175
POKE 214,19:PRINT::PRINT " PEN:" CHRS (48+DP) "
ORIGIN:" :GOSUB 740 srem 58
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762 PRINT "POSITION:":GOTO 119 srem 36
779 GOSUB 75@:PRINT TAB(9) "FILENAME? “;:F$=""

srem 6

772 K=FRE(@):WAIT 198,15:GET K$:IF K$<" " OR K$>"2

" OR LEN(F$)=12 GOTO 776 srem 14

774 F$=F$+KS$:PRINT K$; :GOTO 772 srem 209

776 IF KS=CHRS$(20) AND F$>"" THEN PRINT "{LEFT}
{LEFT}"; :F$=LEFTS$(F$,LEN(F$)-1):GOTO 772

t:rem 233

778 IF K$<>CHRS$(13) GOTO 772 :rem 173
779 RETURN srem 135
780 GOSUB 75@:PRINT TAB(15) "CONFIRM?" :rem 161
785 WAIT 198,15:GET K$:ON (KS$S="Y" OR K$="N")+2 GOT
0 769,785 srem 233

799 PF=1:F$="OUT OF RANGE" srem 195
795 GOSUB 75@0:PRINT TAB(9) "ERROR: " F$:WAIT 198,1
5:GET K$:GOSUB 768 :GOTO 320 srem 230

800 POKE 648,192:PRINT "{CLR}":POKE 648,4:PRINT "
{CLR}" :POKE 53280,3:POKE 53281,9 srem 103
895 PRINT " E83ISHAPEDIT":PRINT " BY CRAIG CHAMBERL
AIN":POKE 648,192:REM V1.0 srem 83
819 MX=99:DIM U(1ll),CN$(19),JX(15),JY(15),MX(7),MY
(7),SL%(MX) :N=146 srem 169

815 FOR K=¢ TO 11:READ U(K):NEXT:FOR CN=@ TO 19:RE
AD CNS$(CN):GOSUB 190 :NEXT srem 232

820 FOR K=5 TO 14:READ JX(K),JY(K):NEXT:FOR K=0 TO
7 :READ MX(K),MY(K) :NEXT srem 239

825 FOR K=49152 TO 49991 :READ N:POKE K,N:NEXT:DEF
{SPACE}FNDP(N)=PEEK(N)+256*PEEK(N+1) :rem 235
830 DEF FNL(N)=N-256*INT(N/256) :DEF FNH(N)=INT(N/2

56 ) :DP=1 :CL=0@ :MD=7 : PF=1 srem 196
835 BL$="{39 SPACES}":GOSUB 760 srem 42
840 POKE 214,21:PRINT:PRINT TAB(14) CL:PRINT TAB(1
4) MD:PRINT TAB(14) 0; srem 63
845 BA=FNDP(49)+5@0 :MT=FNDP(51)-500:GOSUB 73@:POKE
56334, PEEK(56334 )AND254 srem 151
850 POKE 1,PEEK(1)AND251:S=53248:D=S:L=2048:GOSUB
{SPACE}623 :POKE 1,PEEK(1)OR4 srem 62
855 POKE 56334,PEEK(56334)OR1:POKE 657,128:POKE 50
168,254 :POKE 51192,254 srem 135
860 POKE 53287,1:POKE 53271,0:POKE 53277,8:POKE SX
,233:POKE SY,194:SYS 49888 :rem 204

865 GRAPHICS 7:SYS 49152:POKE 51578,168:GOTO 330
srem 168

9¢9% DATA 1,9,19,28,34,63,191,127,31,223,159,95

srem 226
91¢ DATA LOAD,SAVE,APPEND,QUIT,SHAPE,CLS,MODE,S/F/
A,EDIT,SETPEN srem 47
920 DATA FILLPEN, ERASE,MOVE, RMEM, RSET, HOME, DRAW,FI
LL,LFILL,RFILL srem 203

135
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930
940
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
267
968
969
970
971
972

136

DATA 1’1,1’-1'1'g’ﬂ,g,"’lyl"‘ll-lp-l,ﬂ'g,glgll'
2,-1 trem 212
DATA 319,159,159,159,159,79,159,79,79,39,79,39
+39,19,39,19 srem 71
DATA 169,127,141,13,226,173,20,3,141,167,192,1
73,21,3,141,168,192,169,59 srem 168
DATA 141,17,208,32,36,192,169,209,141,169,192,
169,1,141,26,208,96,169,251 srem 240
DATA 141,18,208,169,106,141,20,3,169,192,141,2
1,3,169,133,141,254,255,169 srem 217
DATA 200,141,255,255,96,72,138,72,152,72,173,2
5,208,141,25,208,162,11, 202 trem 211
DATA 208,253,162,27,1698,4,173,22,208,41,239,23
4,142,17,208,140,24,208,141 srem 206
DATA 22,208,32,36,192,104,168,104,170,104,64,1
73,25,208,141,25,208,169,59 srem 222
DATA 141,17,208,169,24,141,24,208,173,254,204,
74,173,22,208,41,239,144,2 trem 168
DATA 9,16,141,22,208,173,169,192,240,23,141,18
,208,169,67,141,20,3,169,192 srem 22
DATA 141,21,3,169,62,141,254,255,169,192,141,2
55,255,76,9,0,8,169,0,141,26 trem 6
DATA 208,173,167,192,141,29,3,173,168,192,141,
21,3,169,129,141,13,228,96 srem 174
DATA 169,128,133,251,169,255,133,252,169,0,160
164,136,145, 251,208,251,174 srem 230
DATA 254,204,189,32,194,188,49,194,136,136,136
+145,251,208,249,96,162,2,181 srem 88
DATA 251,157,118,194,202,16,248,48,18,32,253,1
74,32,138,173,32,247,183,132 srem 17
DATA 251,133,252,32,241,183,134,253,165,252,13
3,254,165,251,174,254,204,249 srem 56
DATA 9,188,47,194,10,136,208,252,38,254,24,105
+124,141,0,208,165,254,105,0 srem 215
DATA 141,16,208,165,253,224,2,144,7,188,53,194
.10,136,208,252,1085,50,141 srem 163
DATA 1,208,169,1,141,21,208,96,169,255,141, 31,
194,165,198,240,3,169,255,96 © srem 39
DATA 173,9,220,41,15,174,31,194,16,19,162,7,22
1,61,194,240,5,202,16,248,48 :rem 3
DATA 227,32,236,193,176,222,144,43,188,69,194,
132,254,162,3,221,77,194,240 srem 39
DATA 9,70,254,70,254,2062,16,244,48,50,165,254,
41,3,240,44,170,189,80,194 trem 182
DATA 24,109,31,194,41,7,179,32,236,193,176, 28,
142,31,194,32,227,192,173,0 srem 217
DATA 220,41,16,240,22,165,162,41,7,208,250,173
/9,220,41,15,201,15,208,234 trem 177
DATA 173,@,22@,41,16,2ﬂ8,l42,174,255,204,173,2
5,205,16,8,41,15,141,25, 2085 trem 193
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973 DATA 157,8,205,172,112,194,1490,17,205,173,111,
194,141,16,205,74,138,174,110 srem 54
974 DATA 194,142,15,205,32,8,201,169,0,141,21,2@8,
173,255,204,106,16,16,13,31 trem 127
975 DATA 194,14,10,194,9,3,96,160,9,189,86,194,16,1
.136,24,109,15,2065,133,251 srem 158
976 DATA 152,109,16,205,133,252,189,84,194,24,109,
17,205,133,253,172,254,204 srem 179
977 DATA 208,4,165,252,240,7,165,251,217,94,194,17
6,5,165,253,217,102,194,96 srem 197
978 DATA 0,128,192,192,192,240,240,255,255,3,3,6,6
$12,12,24,24,1,1,1,2,2,3,3 srem 122
979 DATA 1,1,2,2,3,3,14,6,7,5,13,9,11,10,120,52,39
,19,210,193,141,76,7,11,13 trem 118
980 DATA 14,1,4,255,255,255,0,1,1,1,9,255,255,255,
64,160,160,160,80,80,40,40 trem 131
981 DATA 16#,169,80,80,40,49,29,20,9,9,9,142,222,1
94,140,223,194,165,253,56,229 srem 25
982 DATA 251,170,165,254,229,252,236,222,194,237,2
23,194,144,35,160,0,174,223 srem 225
983 DATA 194,240,14,177,251,145,253,200,208,249,23
4,252,230,254,202,208,242,174 srem 57
984 DATA 222,194,240,8,177,251,145,253,200,2082,2088
1248,96,173,223,194,168,101 trem 230
985 DATA 252,133,252,152,24,101,254,133,254,172,22
2,194,240,9,136,177,251,145 srem 218
986 DATA 253,192,0,208,247,174,223,194,249,16,198,
252,198,254,136,177,251,145 srem 251
987 DATA 253,192,0,208,247,202,208,249,96,0,0,120,
142,40,3,140,41,3,88,96,169 srem 2@7
988 DATA 255,201,127,96 trem 127

Once you have Shapedit entered, saved, and run, you can
begin experimenting with it. To help you familiarize yourself
with the program, take time to read through the following
explanations, trying out each feature.

EDIT. To begin, press the joystick button while on EDIT.
A white cursor appears, indicating you're in the positioning
mode. The purpose of this mode is to establish the origin.
Move the cursor by pushing the joystick. If you go past a
screen boundary, the cursor wraps around to the other side.

Once you've moved the cursor to the pla