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The trick is in avoiding the worst bugs.

The bugs that are hardest to find are logical, or design,
mistakes.

You can write your programs in such a way that design bugs
are less likely, and the others that occur are easier to find.

Here is the first rule of programming to avoid bugs:

Begin programming on paper.

The most common and most difficult to fix bugs come from
poor program design. Good advance planning can save you time,
work, and energy.

When you want to design a program, begin by stating clearly
and simply what the program is going to do. Do that in general
terms. For example, the purpose of the database program (the
Multiple Field Editor) produced in this book is:

A program that creates and stores records constructed of
editable fields.

Then break the task down into pieces. For example, for the
same database program:

1. Get a file name.

2. Display screen.

3. Wait for command.
4. Do command.

5. Go back to step 3.

Continue this process of breaking the problem down into
pieces, as if you were writing an outline for an essay. Eventually,
when the pieces are small enough that each one represents a
subprogram, or, better yet, each piece represents a statement,
you can start actually writing the Pascal code.

Ideally, a single subprogram should do one kind of thing. If,
for example, your program doesn’t display things correctly on
the screen, you only have to check the subprograms that write
to the screen. If every subprogram does onscreen drawing, it
will be much harder to find the culprit.

Ideally, your program should be written in independent
modules. If you can, do this. It simplifies debugging if you get a
small part of the program working correctly, and then add
functions to it, testing along the way, until the entire program is
finished. You should still write an initial plan that covers the
whole program, and follow it as you add the pieces.
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Finding Bugs

Finally, don't be afraid to rewrite. Writing a program is like
writing anything: you often do a better job when you do it over.
Treat your original program design with skepticism.

One of the great advantages of an interpreted language like
Macintosh Pascal is that it is far easier and faster to find bugs
than with a compiler. You can make changes in your program
and immediately run it and see their effect.

Aside from that natural advantage of interpreters,
Macintosh Pascal has a number of built-in debugging facilities.

Macintosh Pascal Debugging Aids

There are four debugging aids built into Macintosh Pascal. They
are:

e Step and Step-Step.

o The Instant window.
e Stops.

¢ The Observe window.

The following sections discuss these features.

Stepping Through A Program

Aside from examining a printed copy of a program, the most
useful debugging technique is to step through the program.

You were introduced to the Step command in Chapter 2 of
this book.

You can run a program up to a certain place, halt it with the
Halt command or with a Stop (discussed below), and then step
through a suspect section. Very often, just seeing the flow of
commands reveals the error.

The Instant Window

The Instant window allows you to run statements separately
from your program any time a program is not running.
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Choose Instant from the Windows menu to see the Instant
window. It first appears as a small box, but, like most windows,
you can expand it by grabbing the size control box in the lower
right corner of the window. Figure 11-1 shows the Instant
window. Notice that the Text window displays the result of a
calculation from the Instant window.

r Al

& File Edit Search Run Windows

Untitled Tent
97

program Untitled;

{Your declarations}
begin

{Your program statements}
end. Drawing

B E == Instant
| noit I =
writeLn(Ord('a’))

<]

Figure 11-1 Instant Window

You can type and edit statements in the Instant window just
as you do in the programming window. When you click the
mouse in the Do It button, the statements are run.

There is an important restriction for the Instant window,
however: You can’t have anything other than statements. In
particular, you can’t define variables, types, or named constants.

You can use functions, and expressions of any kind.

If you halt your program (using the Halt command in the
Pause menu) you can use the Instant window to examine the
values of variables, and change them. This is a very powerful
debugging tool. If you think that your program’s problems result
from a variable having the wrong value, you can stop your
program with the Halt command, change the value of the
variable with the Instant window, and restart your program by
choosing Go again.
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To hide the Instant window, click in the Close box in the
upper left corner of that window, or click in your programming
window, which will bring the programming window to the
front.

The Instant window isn’'t merely a debugging aid. You may
often use it when writing programs, to check if you can use
some statement in a certain way, or to find out the result of some
operation, without having to run an entire program.

Stops

Look at the Run menu, as shown in Figure 11-2. The last
command in the menu is the Stops In command.

Check 3K
Reset

Go #86
Ga-bo
Step €S
Step-Step
Stops In

Figure 11-2 The Stops In Command

Choose the Stops In command.

A new column appears on the left side of the window, as
shown in Figure 11-3. There is a small Stop sign at the bottom of
the column. Move the mouse pointer into that column. A Stop
sign follows the mouse. Move the mouse so that it is next to a
program statement, and click the mouse button. When you
move the mouse away, you will have left a Stop sign behind, as
shown in Figure 11-4. If you choose Go, the program runs until
it reaches the line with the Stop sign, and then halts. A small
hand shows the statement where the program halted.
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E=— Untitled =——v——|
program Untitled;
viour declarationsd
begi
vfour program staterments;
end
Stops
Column

<]

[ DK [
Figure 11-3 With Stops In

E[[==——Untitled V—V—F"=—"——=}

program lntitle
{Your declarations}

Stop begin
{%our program statements}
end.

Figure 11-4 A Stop on the First Program Line

The effect of the Stop sign is the same as choosing the Halt
command, except that the program stops at the place you've
marked.

You can use Stops to stop the program at a place where you
suspect there may be a problem. For example, if your program
crashes (stops running) you can determine exactly where in your
program the crash occurs with the use of Stops.

You can also use the Instant window to change or examine
the value of a variable.
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In addition, Stops are very useful with the Observe window,
which is described below.

To remove a Stop, place the Stop sign cursor over the stop
and click the button. The Stop is removed.

To remove the Stops column and all Stops, choose the Stops
Out command from the Run menu. That command appears in
place of Stops In whenever the Stops column is displayed.

The Observe Window

You can automate the process of checking the values of variables
by using the Observe window.

Reveal the Observe window by choosing Observe from the
Windows menu. The window is shown in Figure 11-5. You can
type any expression in the right hand part of the window, where
there is an insertion point blinking. The expression usually
includes variables from your program. When you run your
program, the expression is evaluated whenever your program
halts.

" & File Edit Search Run Windows

Untitled ke

Tithies E[I=——— Observe
program Untitled; £ :
{Your declarations} Ll el
begin
{Your program statements} E
end. DTOTOTITY

Ed

Figure 11-5 The Observe Window



328 Introduction to Macintosh Pascal

You can type a number of expressions in the right hand
columns. Expand the Observer window as you expand any
window.

You can halt the program with the Halt command, or you can
use the Stops In command, and place Stops in your program.

If you want, you can run your program with the Go-Go
command from the Run menu. If you do, the program pauses
when it hits a Stop, updates any expressions in the Observe
window, and continues.

When You Can’t Use the Debugging Aids

Unfortunately, none of the debugging aids given above can be
used with a program that is too large or that takes over the entire
screen.

When you have a program like that, you are best off
developing it in smaller modules that can be debugged with the
aids Macintosh Pascal provides.

If you have no choice, see the following suggestions for help.

1. Use Write and WriteLn. Print the values of variables or
expressions you think might be causing problems. If your
program takes over the entire screen, and you can't see the
Text window, you can use Write or Writeln to write to a disk
file. Then, when your program finishes, you can examine the
disk file. If you make your debugging file of type TEXT, you
can use the Browse program that is in the Tools folder that
came on your Pascal disk to look at the file. You can use the
Print program from the same folder to print your debugging
file.

2. Walk through your program by hand. This can be done
much more easily on paper. Get a printout, and go through
the program, figuring out what each statement does. This
kind of thing is much easier to do if your program is written
in distinct, separate modules and if the program is well
commented. That way, you can decide which modules might
be causing the problem, and which must be innocent. One
piece of advice—be suspicious. Everyone overlooks things.
Be particularly watchful for global variables that are
accidentally modified where they should not be.
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3.

Redesign. Sorry, you may not consider this to be a very
helpful suggestion. But, if you have a large program that you
can't break into pieces and that just won't work right, go
back to your original design and look for problems or, better
yet, start all over again —assume you've learned from writing
the first version and are now a better programmer.

General Debugging Hints

Here is some collected wisdom about bugs.

1.

Bugs travel in groups. It is not unusual for one problem to
result from several mistakes, each of which contributes to
the problem. For that reason, it is better to go after bugs in
a systematic rather than an ad hoc fashion: figure out
whether or not something is wrong, don'’t just change things
randomly and see if the program runs.

Bugs are easier to find in smaller programs. This may seem
obvious, but it indicates a larger point: design your program
to solve the entire problem, but implement your program in
stages. Debug the smallest version that can run, then add
another function, debug that version, and so on until you
have the whole thing running correctly.

Many bugs result from the difference between variable and
value parameters of subprograms. Be aware of the fact that
when something is a value parameter, any changes made in
the subprogram are not passed back to the main program. In
an early version of the Field Editor program, the button
RECTs, which were supposed to be passed from DrawButton
back to the main program, were defined as value parameters
in DrawButton. The Picked procedure therefore never
reported a click in one of the buttons.

Be careful that you initialize variables before they are used in
expressions. A variable has an undefined value before you
assign something to it.

Be aware that all local variables are reallocated each time you
call a subprogram. Don't count on values being where you
left them.



330 Introduction to Macintosh Pascal

6. Watch for boundary conditions. Problems tend to happen at
the edges of things. Very often, you may think that
something starts at 1, when it actually starts at 0, or the
other way around.

Bugs in the Macintosh

Finally, although the possibility is relatively remote, you may run
across a bug in Macintosh Pascal, or in the Macintosh system.

Simonoff’s first rule:

“Finishing anything completely takes forever”.

(That is, every program has at least one bug.)

If you find some feature of Pascal that just won't work the
way it should, and you are sure your program is OK, try writing
a small program that uses only that feature. It is easier to be sure
there isn't some other problem when you write a small program.
If the problem is still there, you may have found a bug in the
Macintosh Pascal program.

Quick Summary

Boundary conditions

Bug
Crash

Debugging

Instant window

This chapter discusses how to find mistakes, called bugs, in
programs. The following concepts, commands, and
features of Macintosh Pascal were introduced.

are the conditions near the edges of your program’s algorithm. For
example, if your program is supposed to work on 0 to 1000 items, the
boundary conditions would occur when you have no items and
when you have 1000 items.

is a problem or mistake in a program. Anything that doesn't work
right is a bug.

is when a program stops running because of some error, or
sometimes because of some hardware problem.

is the process of finding and fixing bugs.

is the window that lets you enter programming statements for
immediate execution. The statements are not connected to your
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Logical bug

Observe window

Run-Run

Stop

Stops In

Syntax error

program, except that you can alter the values of your program’s
variables.

is a mistake in the way a program is constructed. Even programs
where all the programming statements are written correctly may
have logical bugs.

is the window that allows you to enter expressions which are
evaluated whenever the current program pauses. See Run-Run in
this chapter and Step-Step in Chapter 2.

is the menu command that runs a program so that the program
pauses briefly at every Stop to update the Observe window.
Execution continues once the Observe window is updated.

is a small symbol, a Stop sign, you can put next to any statement
which makes the program stop when that statement is reached.
When the Run-Run command is used, the program pauses to update
the Observe window, and then continues immediately. You must use
the Stops In menu command before you can enter Stops.

see Stop.

is a mistake in the way a programming statement is used. This is
similar to a grammatical mistake in speech or writing, except that,
while people usually can figure out what you mean, a computer
cannot.
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Everything About
Semicolons

Many people find the use of semicolons in Pascal confusing.
Don't worry about it; you'll get used to them. The programs in
this book always include the semicolons in the places you need
them. Besides, Macintosh Pascal will usually catch you if you
make a mistake.

Actually, there are two rules governing the user of
semicolons, and they both look simple:

e A semicolon is required after any variable, type,
constant, or label definition.

333
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Notes

Labels are declared symbols used for the Pascal goto
statement. This book does not use labels or goto, because
their use can make programs confusing.

Whenever you define any variable, type, label, or
named constant, you end the definition with a semicolon.
For example:

x : INTEGER;
y : BOOLEAN;
or:

writeffype = (ELIOT, STEINBECK, JOYCE);

The only complication is when you define a record. In
that case, every field definition is separated from the next
field definition by a semicolon. Therefore, the last field
definition does not have to be followed by a semicolon:

poem = record
author : string;
poem : array [1..LEN] of string
end;

Putting the semicolon after the last field definition does not
do any harm, however, and may prevent errors. (If you add
another field, it is very easy to forget to add the additional
semicolon.) For that reason, that extra semicolon is usually
included in this book.

Notice that the entire record definition must be concluded
with a semicolon, like any other definition.

e A semicolon separates any two statements or parts of a
program.

The most important and easily ignored word in this
definition is “separates.” A semicolon does not mark the end or
begining of a statement, instead it comes between two
statements, parts, or declarations.
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Here are the three types of constructs that must be

separated by semicolons:

1.

Any two declarations are separated by a semicolon. This is

an example of a declaration separator:

procedure April;

begin

end; {This semicolon separates two procedure declarations.}
procedure Spring;

Any two parts of a program are separated by a semicolon.
There are three program parts:

e The program heading. This contains the word
“program” and the program’s name.

¢ The declaration part, which can contain the uses, label
(not used in this book), const, type, var, and
subprogram declarations.

e The statement part (that is, the main program).
Here is the interface between two parts:

procedure Spring;

begin .

end; {This semicolon marks the end of the declaration part.}
begin {main} {The beginning of the statement part.}

Notice that the semicolon isn't required after the
procedure declaration, but it is required between the
procedure declaration, which is the last declaration in the
declaration part, and the begin. That distinction makes little
difference in practice.

Figure A-1 has a diagram of the parts of a program. A
subprogram has a similar structure.
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I [ program name | | }progrom name
3

[ 1abel declaration

[_constant declaration
declarstion part< |_type declaration
[_variable declaration

| subprogram declaration
\. program
1 block

N I N B

statement part<

Figure A-1 Overall Program Structure

Sections of a program can be members of several parts;
the var part of a procedure, for example, is:

e Part of the declaration part of the procedure.

¢ Part of the body of the procedure, called the procedure’s
block.

¢ Part of the declaration part of the main program.
e Part of the block of the main program.

3. You must have a semicolon between two consecutive
statements. Here is a simple case:

x:=100;
y:=50

Statements can be contained within other statements,
and you still have to have separators between the contained
statements:

if Button then
begin
x:=100;

y:=50

end
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Notice that there is no semicolon between begin and the
statement following it, or between end and the statement
preceding it. Neither begin nor end is a statement. This is also
true of repeat, of, do, else, and then, which are parts of the
repeat/until, case, while, for, with, and if statements.
Because those reserved words are parts of statements, they are
never followed by a semicolon, although they all are usually
followed by a statement. The statement following the repeat,
of, do, else, or then is part of the repeat/until, case, while,
with, for, or if statement.

end, however, often marks the end of a compound
statement, and hence is usually followed by a semicolon. You do
not have to put a semicolon before any end. Although you must
put semicolons between any two consecutive statements, you do
not need semicolons between a statement and one that encloses
it, because that statement is actually part of the enclosing
statement. Any particular program line can be part of several
statements, as well as being a statement in itself.

In general, if you follow begin, repeat, of, do, else, or
then with a semicolon, or give a semicolon before an end, you
create an empty statement. In the cases of do, of, else, and
then the empty statement is definitely unwanted, because it
displaces the statement that should be there. For example:

if condition then

There is nothing illegal about that statement. However, when
the condition is TRUE, nothing special is done, because the
statement following the then is empty.

Another important point is that do, of, else, and then
cannot be preceded by semicolons. In all cases, you would have
a statement separator in the middle of a statement, which is
clearly illegal.

Although you do not have to put a semicolon before any
end, empty statements before an end rarely have any bad
effects. In fact, this book usually has semicolons before an end
because doing so prevents errors; there is a tendency to forget to
add the semicolon if you add another statement before the end.
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Help, Please, My
Mac is Burning

General Advice

1. Install the Programmer’s Switch that came with your Mac.
That is a small, gray piece of plastic. You install it by inserting
it in the second slot from the bottom, all the way toward the
back on the left side of your Mac. (See the Macintosh manual
for more information.) To reboot, rather than using the
power switch, press the front part of the Programmer’s
Switch. (Very rarely, a problem occurs which is not cleared
up by rebooting with the Programmer’s Switch, but it is by
rebooting with the On/off Switch.)

2. If you try the methods in the appendix and can't fix your
problem, you may have a hardware problem—something
wrong with the Mac itself. Talk to your computer store.
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Disk Problems

Disk insertion causes system crash

1. There is a file on each disk which records information about
the disk. That file can get damaged if a disk is not ejected
properly. Fortunately, the file can be rebuilt. Hold down the
Command and Option keys while inserting the disk. You may
have to try this several times. If that doesn’'t work, turn off
your Mac and boot it with the bad disk (even if the disk is not
bootable), holding down the Command and Option keys
while the disk starts booting. Either of these methods
destroys all folders, but your files should be unharmed.
Unfortunately, these methods do not always work.

2. If the disk contains documents that you need to save, run the
application that uses those documents, close the Untitled
document that first opens up, and choose the Open
command from the File menu. When the dialog box that lets
you choose from files on the disk shows, eject that disk and
put in the one that gives you trouble. If you are in luck, you
will be able to see your documents. Open one of them, and
use Save As... to save that file on another disk. Repeat for
each document you need to save.

Attempting to boot bootable disk causes unhappy
Mac icon

1. The disk may not actually be bootable. Boot a disk that you
know is OK, then eject that disk, and insert the suspect one.
If that causes a system crash, see the next section.
Otherwise, check if it has system files on it.

2. There is a file on each disk which records information about
the disk. That file can get damaged if a disk is not ejected
properly. Fortunately, the file can be rebuilt. Hold down the
Command and Option keys while booting with the disk. You
may have to try this several times. This method destroys all
folders, but your files should be unharmed. This method
doesn’t always work, unfortunately.
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Display Problems

Disk drive keeps running and won'’t stop

1.

Wait patiently for a while—a half hour, for example. If it still
hasn't stopped press the rear part of the Programmer’s
Switch to cause an error, which stops the drive, and then
press the front part of the switch to reboot. Otherwise, turn
off your Mac, and turn it back on. Rebooting should
eliminate the problem.

Can't eject disk

1.

Is the disk selected when you choose Eject? The disk is
selected if its image is darkened.

If the Macintosh system is running, press Command + Shift
+ 1to eject the internal disk; Command + shift + 2 ejects the
external disk.

Reboot, either with the Programmer’s Switch or with the
On/off Switch, while holding down the mouse button. The
disk should pop out.

Unbend a paper clip and poke one end firmly into the hole
just outside the lower right corner of the disk slot.

Screen has strange lines across it

1.

Stop the running program if you can. In any case, turn your
Mac off, and turn it on again, or reboot with the
Programmer’s switch. Rebooting should eliminate the
problem.

Screen stays dark

1.

2.

Try turning the brightness knob, which is under the left side
of the Mac, above the little sun symbol.

Check power cord and plug.
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Printing Problems

Not enough room to print

1. A disk needs as much as 34K of free space to print a file. Try
removing some documents from the disk. (If you have a two-
disk system, the one with the application is the one that
needs the extra space.)

Can’t print

1. Check cables. You should tighten the screws at the ends of
the cable, so the cable is firmly connected to the printer and
the Macintosh. (You need a small screwdriver to do this
properly on the Imagewriter side of the cable.)

2. Check printer lights. Assuming you are using an
Imagewriter, there should be two green lights. If there is only
one, press the Select button on the Imagewriter, and try
printing again. If there are no lights, check the power switch
and the power cord.

3. If running on a Macintosh XL (or Lisa), make sure you are
plugged into the right port. That is the port all the way to the
right, looking at the back of the XL. Also, if you are using an
ordinary RS-232 cable, you may need a modem eliminator
(sometimes called a null modem) to make the connection
properly. If you are using a parallel printer (the Imagewriter
is a serial printer, but some older Apple printers are parallel)
you need to run the Install Parallel Printer application to use
the parallel printer with the Macintosh Pascal disk. That
application is on your Macintosh XL system disk.

4. Depending on what program is trying to print, you may need
an Imagewriter file on the disk that contains the application.
Check in the System Folder to see if there is one. If not, copy
one from another disk.

Every page starts at the wrong place

1. Use the knob on the side of the printer to position the paper
to the top of the page. Press the Select button on the printer
to deselect the printer. (If an Imagewriter, the light next to
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the Select button should turn off.) Press the Form Feed
button. The printer should stop at the top of the next page.
If it doesn’t, turn the knob to position the paper, and try
again.

2. Turn the printer off, and turn it on again.

3. Turn your Mac off (eject any disk first) and boot it again.

Printing looks wrong

1. Turn the printer off, and turn it on again.
2. Turn your Mac off (eject any disk first) and boot it again.

Draft Mode Doesn’'t Work Right

1. I don't think it does, either. Try using Standard mode. It is
nearly as fast, and looks much better, anyway.

Memory Problems

Out of Memory Error in Pascal

1. Hide the programming window by clicking in the window’s
Close box. That helps you when there is not enough memory
to reach a HideAll call in your program.

2. Look for sections of code that can be replaced with calls to
predefined procedures.

3. Look for identical sections of code and replace them with
procedure or function calls.

4. Avoid using QuickDraw2 or, especially, SANE. Both take up
quite a bit of space.

5. Use events in your program. If you do so, Macintosh Pascal
drops some of the code it uses to handle events, giving you
more room.

6. Shorten the names of variables that are used often.

7. Shorten the names of subprograms that are called often.

8. Eliminate subprograms that are only called once.

9. Try to reuse pointers and handles, instead of reallocating

them. The Dispose and DisposeHandle procedures do not
properly free space in Release Version 1.0.
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Mouse Problems

Mouse pointer doesn’t move

1. Check cable. Unscrew it, and screw it back in carefully and
evenly.

2. Try cleaning the mouse. (See the Macintosh manual.)

3. Reboot. The problem may be related to insufficient electrical
power. Try isolating the Mac as much as possible, so that as

few other appliances as possible are on the same electrical
line.

Mouse only moves in one direction (usually up
and down)

1. The cable is probably not fully in its socket. Unscrew the
connection on the back of your Mac, and screw it back in
carefully and evenly.Other Nothing seems to be happening 1.
Try holding the Command key down and pressing the
period. This cancels many actions.

2. Check the mouse plug. If the mouse won't move, try giving a
menu command with a key combination.

3. Wait a few minutes.
4. Turn off your Mac and reboot.

Burning Macintosh

1. Pull the plug. Use a fire extinguisher to put out the fire.
2. If no extinguisher is available, try baking soda.
3. Use water as a last resort.
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Delete procedure, 123, 135
dialing a telephone, 221, 228
dialing tones, 224

digitizing, 284, 288
displaying, 150

dispose, 250

DisposeRgn, 271, 288

div operator, 299

division, 299

dkGray, 87, 285

do, 41

do/while statement, 41
DoEditing, 126

DOUBLE variable, 297
double-indirect pointers, 266
DownMask, 119
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downlo, 215, 219
DrawButton, 184
Drawing window, 11
DrawPicture, 289
dTones, 228
duration, 227, 237

editing, 15, 151

editor, 135, 139

elements, 65

elevator, 61

else, 47

empty string, 125, 135

end, 3, 20

ENDSTR, 125

Enter key, 8, 14

enumerated data types, 142,
174

EOF function, 179, 219

EOLN function, 181, 219

equals sign, 44

EraseRect, 54

EraseRgn, 289

error message, 6, 20

errors, 319

event, 118, 135

event.modifiers, 133

EVENTRECORD, 118

Exp function, 308

exponent, 296

expressions, 298, 317

extend text, 103

EXTENDED variable, 297

external speaker, 222

face, 92, 103, 135

feedback, 33

field, 53, 88

field width, 101, 135

file of CHAR, 178

file variable, 178, 219

FilePos function, 180, 185, 219
files, 177

finder, 18

fixed point functions, 315
fixed-point number, 225, 250
FixMul fiinction, 315

FixRatio function, 225, 237, 315

FixRound function, 313

floating-point notation, 296,
317

font, 92, 99, 135

Font/DA Mover, 112

FontMover, 100, 112

for statement, 68, 88, 215,
219

formal parameter, 57, 88

forward, 150, 174

four-tone synthesizer, 224,
250

FrameOval, 61

FramePoly, 289

FrameRect, 54

FrameRgn, 289

free-form synthesizer, 224,
250

frequency, 223, 227, 250

functions, 29, 40, 49, 291,
305, 317

game, 287

Get procedure, 179, 219
GetBottomRight, 55
GetDrawingRect, 70
GetFregs, 233

GetMouse, 25, 49
GetNextEvent, 118, 135
GetPenState, 83
GetSoundVol, 233, 250
GetTime procedure, 217
GetTopLeft, 55

global coordinates, 143, 174
GlobalToLocal, 143, 174
Go command, 6, 13, 20, 21
grafport subprograms, 143
gray, 87, 285

Halt command, 117, 323
handle, 266, 289
hertz, 227, 250

hexadecimal numbers, 275, 278,

289

HideAll procedure, 141, 174, 188

HiWord function, 313
horizontal, 25
hotSpot, 279, 289
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if statement, 47 modulus, 120, 317 patCopy, 81, 86
Include function, 124, 135 mouse positions, 27 patOr, 86
indenting sections, 13 MOUSEDOWN, 119, 136 pattern, 285, 290
index number, 72 Movely, 10, 20 patXOr, 82, 86
infinite loop, 117, 135 multiple field editor, 160 Pause menu, 117
Insert procedure, 124, 136 pen, 20
insertion point, 15, 20 natural logarithm, 308 pen pattern, 285
Instant window, 323, 330 new, 250 PenMode, 86, 89
integer, 27, 28, 49, 294 NewrFileName, 182, 219 PenPat, 36, 49
integer data types‘ 293 Nengn, 289 PENSTATE, 80
interface, 289 nil, 250 PerlIbEnd, 133
InvertRect, 146 normal file, 181, 219 period, 12, 20
InvertRoundRect, 146, 174 not, 60, 86, 88 phase, 232
italic, 103 Note, 226, 251 pictures, 264, 268, 290
NUMBUTS, 100 pitch, 223, 251

keyDownMask, 120, 136 pixels, 11, 275

KillPicture, 289 Observe window, 327, 331 pnLoc, 80

KillPoly, 268, 289 0dd function, 309 pnMode, 81
OffSetRect, 284 pnPat, 81
OldFileName, 182, 219 pnSize, 81

Length function, 123, 136

LINEHEIGHT, 121, 122 omit, 136 PO, T B9, 136

Lin€To, 12, 20 Omit function, 123 Pointer function, 313

LineWartted, 44 one-field editor, 139 pOfnter variable, 230

LN function, 308 onscreen buttons, 62, 145 pointer-type value, 300
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logical expression, 45 operands, 291, 298, 317 power, 296

logical mistake, 320 operator precedence, 304 precision, 293, 297, 317

LONGINT, 284, 249 operators, 291, 298, 299, 317 Pred function, 310

loop, 30, 41, 68 OPTIONKEY, 133 ropereNap, 284

LoWord function, 313 or, 4 o

ItGray, 87, 285 Ord function, 300, 309 problem, 339

Ord4, 313 procedure, 37, 49

main program, 38, 39 order of magnitude, 296, 317 procedure call, 25, 56

MakeSound, 233 order of precedence, 304, 317 program, 20
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Quit, 17
quotation marks, 125

Random function, 314
randSeed, 314

range, 297, 317

rate, 251

Read procedure, 44, 49, 179, 220
ReadLn, 220

real data types, 295

real numbers, 293, 302
REAL variable, 297
real-type numbers, 293
records, 53, 89

RECT variables, 53, 61, 89
rectangle, 89

regions, 264, 273, 290
relational expressions, 302
relational operators, 301
remainder, 120, 136
repeat, 49

repeat/until, 30

reserved words, 8, 14, 21
Reset, 181, 182, 220
reverse, 86

Rewrite, 181, 182, 220
RGNHANDLE, 271

round, 311

routine, 25, 49

Run, 21

Run menu, 6

Run-Run, 331

SANE, 305

Save, 16, 21

scaling, 111, 136, 290
scientific notation, 296, 317
scroll, 61

ScrollRect procedure, 285
Seek procedure, 180, 185, 220
selector, 70

semicolon, 9, 21, 333
sequence number, 177

set, 107

SetCursor, 279, 290
SetDrawingRect, 70, 147
SetRect, 54, 147
SetSoundVol, 233, 251
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SetupCursor, 280

SHIFTKEY, 133

ShowDrawing, 56

ShowHow, 57

ShowNewChar, 130

ShowString, 126, 130

Shut down, 18

side effect, 145, 175

Sin function, 311

sine wave, 223, 251

size, 136

SizeOf function, 238, 314

sizing, 148

sorting, 207

sound, 221

sound generator, 225

sound waves, 222

spaces, 14

speaker, 221

Special menu, 18

speech software, 221

spreadsheet program, 316

Sqr function, 311

Sqgrt function, 311

square- of a number, 311

square root, 311

square wave, 223, 251

square wave synthesizer, 224, 251

srcBic, 136

srcOr, 136

srcXOr, 136

Standard Apple Numerics
Environment, 305

standard functions, 306

StartSound, 226, 238, 251

Step command, 31, 49

Step-Step command, 33, 49

Stop, 323, 331

Stop sign, 326

Stops In command, 325, 331

string, 137

string data type, 123

string type, 124

strings of characters, 123

stringWidth, 137

StringWidth function, 124

structured programming, 38

StuffHex procedure, 278, 290

Stuffimage, 284

subprogram, 25, 49, 146, 322
subroutine, 25, 50

Succ function, 312

syntax error, 319, 331
synthesizers, 224

SysBeep procedure, 217, 226, 251
system font, 137

telephone, 224

telephone frequencies, 235
TEXT, 220

text, 91

TEXT file variable, 178
text modes, 95

Text window, 43

TextFace, 104, 137
TextFont, 137

TextFont procedure, 100
TextMode, 137

TextSize, 108, 137

theBox, 53

TickCount function, 249
time, 217

tone-dialing, 221

transfer mode, 94, 112, 137
TRUE/FALSE expressions, 30, 45
Trunc, 311, 312

truncate, 311, 312

type, 65, 89

type declarations, 65, 66
type size, 93, 108
TypeSize..., 61

unary operators, 299
underline characters, 103
Undo command, 16
until, 30, 50

value parameters, 58
var declarations, 28, 66
var parameters, 178
variable parameters, 58
variables, 23, 25, 50, 292
vertical, 25

volume, 227
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waveform, 222, 251

while, 41, 50

while loop, 42

white, 87, 285

width, 101

window, 3, 327

Windows menu, 327

with statement, 149, 175

word-wrap, 173

Write, 43, 50, 180, 220

WriteDraw, 70, 97

WriteLn procedure, 43, 50, 181,
220

writing a program, 4
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