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Events and Event Handling

INTRODUCTION

Designers of programming languages have a particularly difficult
task in implementing a language on the Macintosh. This difficulty is
caused by the need to interact with the Mac’s sophisticated operating
environment. Some programming languages have thrown the program-
mers to the wolves, letting them struggle with the difficult Toolbox
functions by themselves. For instance, to run even a short program, the
programmer would have to learn how to open a window and how to
send data to that window; a formidable task even for experienced pro-
grammers. On the other end of the spectrum are languages that super-
impose a new environment on top of the Mac’s. These systems have
two drawbacks. First, they are implemented via interpreters, which
run relatively slowly as compared with compiled languages. Second,
these languages provide no way to create a double-clickable applica-
tion, since the interpreter’s environment is needed to run a program.
Turbo Pascal finds a happy medium between these two ends of this
spectrum. Turbo allows the programmer to easily produce a double-
clickable application and provides the convenient console window to
use with that application. For those developing true Macintosh appli-
cations, Turbo provides easy access to the Toolbox routines needed.

This chapter will lead you on the long road of producing true Macin-
tosh applications by covering the fundamentals of producing a Macin-
tosh application and by introducing the use of pull-down menus.
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EVENTS

Question: What do the following things have in common—the 1984
Summer Olympics in Los Angeles, the fifth game of the American
League Playoffs in 1976 between the Yankees and the Kansas City
Royals, and the last click of the mouse button on your Macintosh? The
answer: They were all great events. An event is the term used for any
external stimulus to which a program might wish to respond. Examples
of events include clicking the mouse button, typing a key, and in-
serting a disk into the disk drive. One of the most basic features of a
Macintosh application is that it is event driven—that is, the program’s
main task is to wait for an event to happen and then respond to it. In a
sense, this is what programs that run on a brand X computer do also,
except there are differences. A brand X computer is designed only to
accept one type of input, typing on a keyboard. Its hardware doesn’t
support a mouse, can’t tell if a disk has been placed in a disk drive, and
certainly doesn’t support windowing. However, on the Mac several dif-
ferent types of input can be accepted simultaneously. Macintosh pro-
grams had to be designed differently from programs on other
computers, and the way programs would be designed needed to be
considered before the hardware was built so that the hardware could
support the software and not the other way around.

THE TOOLBOX MANAGERS

The Macintosh’s User Interface Toolbox contains the routines neces-
sary to implement all the features of the Macintosh you have no doubt
already become aware of. All that is necessary to implement menus,
fonts, windows, text editing, dialog boxes, and the like is available for
the programmer’s use. The Toolbox is logically divided into a series of
managers, with each manager containing a set of routines that work in
concert to implement a particular feature. Windows are implemented
with the Window Manager, menus with the Menu Manager, and so on.
Together, all the managers interact with each other to produce a Mac-
intosh application. The key that ties all the User Interface features
together is the Event Manager, which contains the routines necessary
for the handling of events. Luckily, all the Toolbox routines were
designed in Pascal (although they were later rewritten in 68000 assem-
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bly language), so access to them from Turbo is straightforward. This is
not the case with both other Pascal systems and the C programming
language.

To help understand what events are and what their significance is to
Macintosh programming, consider the following transcript of a lesson
overheard between a master Macintosh teacher and his neophyte stu-
dent.

Teacher: Now, my student, you have read the Event Manager sec-
tion of Inside Macintosh, have you not?

Student : Yes, I have.

Teacher : Good, now we can proceed with this most important les-
son. What is an event?

Student : An event is a certain type of external happening that the
Macintosh responds to.

Teacher : What type of happening do you mean?

Student : Most anything that a user might do.

Teacher : Most anything?

Student : Most anything at the Macintosh, depressing the mouse
button, releasing the mouse button, inserting a disk, clicking on a win-
dow.

Teacher : How about the keyboard?

Student : Yes, I was just getting to that, hitting a key on the key-
board and releasing that, too.

Teacher : How does a program know that an event has happened?

Student : The Mac maintains a long chain of events that have oc-
curred.

Teacher : Then let’s start at the beginning of that chain.

Student : This is a very hard lesson, my teacher.

Teacher : The most important lessons are the hardest to learn, my
son. Go on.

Student : When the event happens, the Macintosh’s hardware is the
first to know about it. It senses it electronically and then sends a mes-
sage to the operating system, which then responds.

Teacher : I see, go on.

Student : The operating system then collects all the important infor-
mation about the state of the machine at the time of the event and
prepares that in a form the program that is running can use.

Teacher : So you are saying that when the program is running, the
operating system is also running?
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Student : I think so, I think that it is hanging out in a waiting state
until an event happens, and then it suspends the program that is run-
ning for a very small fraction of a second to handle the event. I’'m not
sure, but I think that this is what is called an interrupt on other com-
puters.

Teacher : Yes, you are correct, this is what is called an interrupt,
and the process you described is what is known as interrupt handling.
Now, what is it that is done with this information collected about the
event; how is the program notified about the occurrence of the event?

Student : I’'m not quite sure that I understand that correctly, I just
read it last night, and Inside Macintosh is a hard book to understand.

Teacher : Well, my student, where are we right now?

Student : We are sitting under a tree here on the Queens College
campus.

Teacher : And what time is it?

Student : I don’t know. I will have to check my watch.

(The student, knowing the ways of the master teacher, does not
check his watch until he is told to, for he already knows that’s where
the lesson will lie.)

Teacher : Have things happened in the world since we have been
sitting under this old oak?

Student : They surely have.

Teacher : Have wars continued to be fought, have politicians made
great speeches, have the Mets scored runs?

Student : I don’t know, I would have to look at a newspaper or turn
on the radio.

Teacher : So although these events have occurred, we cannot know
about them until we inquire about them.

Student : This is correct.

(The student now realizes his watch had nothing to do with this
lesson, and he feels badly that once again he did not fully understand
the ways of the master. Still, he has come very far.)

Teacher : Now, what does this remind you of?

Student : Of course, the events continue to happen and the operat-
ing system continues to line up the information about them until the
program requests that information.

Teacher : Very good, my student, you have learned this lesson well.

This dialogue might help to provide some of the conceptual frame-
work for events and event handling. Let’s run through the chain of
events that occurs when an event happens.
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The Macintosh actually contains two different Event Managers, the
low-level Operating System Event Manager, which handles the inter-
action with the hardware and posts the event on an event queue, and
the Toolbox Event Manager, which interfaces with programs.

Let’s follow the sequence of event handling.

1. The user causes an event to occur by depressing the mouse
button.

2. The Operating System (low-level) Event Manager learns of the
event through the hardware and springs into action. It collects
the pertinent information associated with the event, such as
the position of the mouse, the time the event happened, and
other event-specific information, and posts this on a list of
events that have already occurred, called the event queue.

3. The program, via the Toolbox Event Manager, requests infor-
mation about events that have occurred and then processes
those events.

EVENT TYPES

There are several categories of events that can occur on the Macin-
tosh.

Mouse—There are separate events generated when the mouse
button is depressed and when the button is released. Just moving
the mouse around does not generate an event.

Keyboard—There are separate events generated when a key is
pressed, when it is released, and when a key is held down for a
period of time, indicating an auto repeat is desired for that key.

Disk—An event is generated when a disk is inserted into a disk
drive.

Network—A network event can be generated via AppleTalk.
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Window—There are events generated when a window is made
active and when it needs to be updated.

Application—There are four event types reserved for program-
mers to define their own categories of events, although the Tool-
box does little to help with the management of these events.

Each type of event has its own event code (Table 11-1).
Table 11-1. Event Codes

Event Type Event Code
nullEvent 0
mouseDown 1
mouseUp 2
keyDown 3
keyUp 4
autoKey 5
updateEvt 6
diskEvt 7
activateEvt 8
networkEvt 10
driverEvt 11
applEvt 12
app3Evt 13
app3Evt 14
app4Evt 15

These values are used so often that they have been predefined as
constants and can be used in your program as though you included the
following Const definition in your program:

const
nullEvent
mouseDown
nouseUp
keyDown
keyUp =
autoKey

- updateEvt
diskEvt = 7?7;
activateEvt = 8;
networkEvt = 10;

]
wnrsunon
«e
=0
« e

n =
-

b;

nwm
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driverEvt = 1l1l;

applEvt = 1l@;
app3dEvt = 13;
app3Evt = 14;
app4Evt = 15;

The Event Queue

The event queue is a list of events maintained by the Operating
System Event Manager. When an event occurs the event record is
posted on the event queue. Programs can then use the routines pro-
vided by the Toolbox Event Manager to check the queue and remove
certain events.

Event 1 Event 2 | Event 3

Y

Figure 11-1. The Event Queue

Event Records

For each event that occurs, a record is posted to the event queue
containing information on the event. The type of the event records is
predefined as:

type

EventRecord = record
What : Integer;
Message : LongInt;
When : LongInt;
Where : Point;
Modifiers : Integer
end;

Each field of an event record has the following meaning:

What—The What field contains the event code for the event as
defined above.
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Message—The Message field contains an event-specific event
message, which differs for each type of event (Table 11-2).

Table 11-2. Event-Specific Messages

Event Type Event Message
Keyboard The character code and key code of the key
Activate, update Pointer to the window
Mouse-up,
Mouse-down and
null No meaning
Application Whatever you desire

The event codes will be looked at in more detail when we analyze
keyboard events.

When—The When field contains a LonglInt representing the time
the event occurred, expressed in ticks since system start-up.

Where—The Where field contains the mouse position at the time
of the event, expressed as a point in global coordinates.

Modifiers—The Modifiers field contains information regarding
the state of the Options, Caps Lock, Shift, and Command keys at
the time of the event, as well as whether the mouse button was up
or down. This will be looked at further when we analyze keyboard
events in detail.

Mouse Events and an Event Loop

Now we are finally ready to develop a short event-driven program.
As was noted before, there are two type of mouse events: buttonDown
and buttonUp. Each time the mouse button is clicked, two events are
generated and their event records placed on the event queue. Events
are removed from the event queue with the GetNextEvent function
from the Toolbox Event Manager. GetNextEvent is defined as follows:

function GetNextEvent(eventMask : Integer; var
theEvent : EventRecord) : Boolean;
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GetNextEvent searches the event queue for any events matching the
event mask passed as a parameter; if one exists, it returns that event
record as a variable parameter. The value of the function itself is a
Boolean, True if an event of the type desired is found, False otherwise.
If an event is found, it is removed from the event queue.

Event Masks

Each type of event has a specific mask assigned to it for use in
GetNextEvent. The event masks are shown in Table 11-3.

Table 11-3. Event Masks

Event Type Event Mask
mouseDown 2
mouseUp 4
keyDown 8
keyUp 16

autoKey 32
updateEvt 64
diskEvt 128
activateEvt 256
networkEvt 1024
driverEvt 2048
applEvt 4096
app3Evt 8192
app3Evt 16384
app4Evt -32768

The masks have also been predefined as constants and can be used
in your program as though they were defined as

const
MDownMask
nouseUp
keyDown
keyUp = 1b;
autoKey = 32;
updateEvt = bY;
8;

]
e LI

diskEvt = 12

activateEvt 25b;
networkEvt = 1024;
driverEvt = 20u8;
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applEvt = 409k;
app2Evt = 8192;
app3Evt = 1b384;
app4Evt = -327k8;

There is also a constant declared for all events:

const
everyEvent = -1;

Notice that all the constants are a power of two, arranged so that two
of the constant values can be added together to produce a unique
mask. To find the proper mask, you can add together the masks for the
desired event types. For example, to trap all the keyboard events, you
can use

keyDownMask+keyUpMask+autoKeyMask

To trap all events except mouse events, you could use
everyEvent - mDownMask - mUpMask

To trap the mouseDown and mouseUp events, we need to add both
of these mask values together. This can be represented in decimal as
6, or as the sum of the two constants mDownMask + mUpMask. We are
now ready to build our first event loop. An event loop, which in this
case will be built with a While, continually calls GetNextEvent until a
mouse event is detected.

‘program MouseEventDemol;
uses MemTypes, QuickDraw,0SIntF,ToolIntF;
var
nyEvent : EventRecord;
begin
while not(GetNextEvent(mDownMask+mUpMask,myEvent)) do
Writeln('Waiting for a mouse event...');
Readln
end.

MouseDemol is probably the simplest event-driven program you can
write, yet conceptually it may be the most sophisticated program pre-
sented in this book so far. The only variable declared in the program is
myEvent, an EventRecord. Note that there is no need to define the
type EventRecord; this is included in the ToolIntF unit. The While
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loop will continually print the ‘Waiting for a mouse event. ..’ message
until the button is either pressed or released. At that point, the
GetNextEvent will find the mouse event posted in the event queue
and return it in myEvent. The program ends with our standard Readln.

We can develop this program slightly by adding a procedure that
will analyze the type of mouse event that occurred.

progran MouseEventDemoZ;
uses MemTypes, QuickDraw,0SIntF,ToolIntF;
var
myEvent : EventRecord;
procedure DoMouseEvent;
begin
case myEvent.What of
1: Writeln('A mouse down');
2 ¢ Writeln('A mouse up')
end
end;
begin {Main progranm}
while not(GetNextEvent(mDownMask+mUpMask,mnyEvent)) do
Writeln('Waiting for a mouse event...');
DoMouseEvent;
Readln
end.

Now, when the mouse event happens, a call is made to
DoMouseEvent, which uses a Case statement to determine which of
the two types of mouse events has taken place. Notice that the labels
used in the Case statement are event types, not the event mask. We
could replace these with constants to make the program more self-
explanatory.

program MouseEventDemo3;
uses MemTypes, QuickDraw,0SIntF,ToolIntF;
var
ryEvent : EventRecord;
procedure DoMouseEvent;
begin
case mnyEvent.What of
mouseDown: Writeln('A mouse down');
mouseUp : Writeln('A mouse up')
end
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end;
begin {Main progran}
while not(GetNextEvent(mDownMask+nUpMask,nyEvent)) do
Writeln('Waiting for a mouse event...');
DoMouseEvent;
Readln
end.

One last version of the program can be used to display the
information in the event record by printing it in the DoMouseEvent
procedure.

program MouseEventDemol;

uses MemTypes, QuickDraw,0SIntF,ToolIntF;
var

myEvent : EventRecord;

procedure DoMouseEvent;
begin

case myEvent.What of

mouseDown: Writeln('A mouse down');
nouseUp : Writeln('A mouse up')

end;

with myEvent do

begin

writeln(What);

writeln(Where.h:4, where.v:l);

writeln(When)

end;

end;
begin

while not(GetNextEvent(mDownMask+MUpMask,myEvent)) do

Writeln('Waiting for a mouse event...');
DoMouseEvent;

Readln

end.

Keyboard Events

The next set of events to examine in detail are the keyboard events.
As you can recall, there are three different keyboard events: keyUp,
keyDown, and autoKey. The keyboard events are slightly more com-
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plex to process since there are so many keys on the keyboard com-
pared to the one lonely mouse button. The information regarding
which key has been pressed is in the Message field of the event record.
We may also be interested in the Modifier field, which will tell us
about the state of the modifier keys at the time of the event.

The Message field of the event record is a LongInt that encodes two
separate pieces of information regarding which key caused the event.

31 16 15 87 0
Not used
Character
code
Key
code

Figure 11-2. Event Messages for Keyboard Events

As you can see from Figure 11-2, the leftmost 16-bit word of the
LongInt contains no information at all. The rightmost word holds both
the key code for the key and the character code for the key. The key
code is an integer representing the key on the keyboard that was
pressed or released. The key code for each of the keys on the keyboard
and the numeric key pad are as follows:

egaac % 15 o J['% 15 1 TS T E 7] et
s8] ee || eater || a3

Figure 11-3. Key Codes
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- The key Codes for a key remain the same even if a modifier key such
~ as the Shift key is used. This is designed for use in programs where the
keyboard is logically redefined for such use as a muscial keyboard,
video game controls, or Dvorak keyboard.

The character code is the Extended ASCII code for the character.
The ASCII codes for all the characters are listed in Appendix J.

If the key code and character code are held in two bytes of the same
word, how do you differentiate them? The easiest way to accomplish
this is to use Turbo’s built-in functions Hi, Lo, HiWord, and LoWord.
The Hi function returns the value of the rightmost byte of an integer,
and the Lo function returns the value of the leftmost byte. All we have
to do is isolate the leftmost word of the LongInt and then apply the Hi
and Lo function to it. The HiWord and LoWord functions are analo-
gous to Hi and Lo, except that they operate on a LongInt and return
the value of the leftmost and rightmost word. Table 11-4 is a summary:

Table 11-4. Summary of Built-In Key Code Functions

Function Argument Returns
HiWord LongInt The leftmost word of the Longlnt
i LoWord LongInt The rightmost word of the LongInt
Hi Integer The leftmost byte of the integer
! Lo Integer The rightmost byte of the integer

To find the key code, we isolate the rightmost word and then the
leftmost byte of that word.

Hi(LoWord(myEvent.Message))

The character code can be found in a similar fashion.

ﬁo(BiWord(myEvent.nessage))

Now that we know how to trap key events and how to determine
what key has been used, we can adapt the event-driven program to
find and remove key events from the event queue, as well as the
mouse events.

Listing 11-1. Program That Finds Key Events.

program EventDemo5;
uses MemTypes, QuickDraw,0SIntF,ToolIntF;
var
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nyEvent : EventRecord;
Mask : Integer;
procedure DoEvent;
begin
case myEvent.What of
mouseDown: Writeln('A mouse down');
mouseUp : Writeln('A mouse up');
keyDown : Writeln('A key down');
keyUp : Writeln('A key up');
autoKey : Writeln('An auto key')
end;
with myEvent do
begin
writeln(What);
writeln(Where.h:4, where.v:l);
writeln(When);
writeln(LoWord(Hi(Message)):4,LoWord(Lo(Message)):4)
end;

engd;
begin
Mask := mDownMask+mUpMask+keyDownMask+keyUpMask
+autoKeyMask;

while not(GetNextEvent(Mask,myEvent)) do
Writeln('Waiting for a mouse event...');
DoEvent;
Readln
end.

This program is essentially the same as the earlier versions except
that the Message field information is also displayed.

Listing 1l-2. Program That Displays Message
Events

program EventDenmo5;
uses MemTypes, QuickDraw,0SIntF,ToolIntF;
var
mnyEvent : EventRecord;
Mask : Integer;
StopRect : Rect;
StopFlag : Boolean;
procedure DoEvent;
begin
case myEvent.What of
mouseDown:
begin
GlobaltoLocal(myEvent.Where);
if ptinRect(myEvent.Where,StopRect)
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then StopFlag := True

end;
nouseUp : Writeln('A mouse up');
keyDown : Writeln('A key down');
keyUp : Writeln('A key up');
autoKey : Writeln('An auto key');
end;
with myEvent do
begin
writeln(What);
writeln(Where.h:4, where.v:l);
writeln(When);

writeln(LoWord(Hi(Message)):4,LoWord(Lo(Message)):4)
end;
end;
begin
StopFlag := False;
SetRect(StopRect, 40,40,70,70);
FrameRect(StopRect);
Mask := mDownMask+mUpMask+keyDownMask+keyUpMask
+autoKeyMask; '
repeat
if GetNextEvent(Mask,myEvent) then DoEvent;
until StopFlag;
end.

Our new version of the program has some major structural changes
in it. First, the While loop has been replaced by a Repeat loop termi-
nating when a Boolean, StopFlag, becomes True. The Boolean is set
when the mouse is clicked inside a rectangle, StopRect, displayed on
the screen. All events returned by GetNextEvent are sent to the proce-
dure DoEvent for processing. When a mouseDown is uncovered, the
procedure checks the location of the mouse to see if it is in the rectan-
gle.

case myEvent.What of

mouseDown:

begin
GlobaltoLocal(myEvent.Where);
if ptinRect(myEvent.Where,StopRect)
then StopFlag := True

end;

Note that the ptinRect function needs a point specified in local coor-
dinates so that the call to GlobaltoLocal is necessitated.
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Listing 11-3. New Version of the Program in
Listing 11-1.

program EventDemo?;
uses MemTypes, QuickDraw,0SIntF,ToolIntF;
var
nyEvent : EventRecord;
Mask : Integer;
StopRect : Rect;
StopFlag : Boolean;
Str : string;
Ch : Char;
procedure DoEvent;
begin
case myEvent.What of
mouseDown:
begin
GlobaltoLocal(myEvent.Where);
if ptinRect(myEvent.Where,StopRect)
then StopFlag := True
end;
keyDown :
begin
Ch := Chr(Lo(LoWord(myEvent.Message))):;
Str := Str + Ch;
end
end
end;

begin
StopFlag := False;
SetRect(StopRect, 40,40,70,70);
FrameRect(StopRect);
Mask := mDownMask+mUpMask+keyDownMask+keyUpMask
+autoKeyMask;
repeat
if GetNextEvent(Mask,myEvent) then DoEvent;
until StopFlag;
Write('The string is ',str);
Readln
end.

Keyboard Modifiers

The Modifier field of the event record indicates the state of the
keyboard’s modifier keys (Shift, Option, Command) at the time of the
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event. This can be used, for instance, to check if the Shift key is held
down during a mouse click. Figure 11-4 diagrams the modifier flags.

bit 15 12 11 10 9 8 0

1 if Option key down —

1 if Caps Lock key down

1 if Shift key down

1 if Command key down

1if mouse up

1 if window being activated, O if deactived

Figure 11-4. Modifier Keys

The following predefined constants can be helpful for determining
the state of the modifier flags.

const

activeFlag = -1 ; {Set if window is active}
btnState = 128; {Set if mouse button is up}
cndKey = 25b; {Set if Command key down]
shiftKey = 512; {(Set if Shift key down}
alphaLock 1024; {Set if Caps Lock key down}
optionKey 2048; {Set if Option key down}

These masks can be used with the And operator to determine the
state of the keys you are interested in and the way event masks where
checked.
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PULL-DOWN MENUS

Now that we have some sense of how events operate, we can turn to
the Menu Manager to implement a program using pull-down menus.
The Menu Manager contains around 30 procedures and functions used
to initialize, display, alter menus, and handle menu selection by the
user. But before we can start implementing a program using menus,
we must first examine the basic components of menus.

€ File Edit Goodies Windows Font Style
0 peint

1]0]
vi2
14
18
24
36
48
72

60

Figure 11-5. The Menu Bar and a Menu

Each menu title indicates a separate menu, and a program will usu-
ally have several menus simultaneously. These are grouped together
in the menu bar, which is displayed across the top 20 pixels of the
screen. This is a reserved area of the screen, and nothing but the cur-
sor can appear in it. The menu titles are always displayed in the stan-
dard systems font and size (Chicago 12). In case you have ever
wondered, the maximum number of menu titles that can be displayed
at any one time is 16. When a menu is pulled down, the menu items are
revealed. These items can be shown as either active or inactive, indi-
cated by a “dimming” of the item.

Each of the menus in the menu bar is represented by a record con-
taining the pertinent information about that menu. Fortunately, the
Menu Manager creates and maintains these records so that there is no
need to worry about them. All the menu records of a menu bar are
held in a linked list called the menu list.
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When a Turbo program starts, there is no active menu bar, just a
blank area over the console window. A program can easily create its
own menu lists and work with them. When a program run from mem-

1 ory is terminated, it branches back to the Turbo Pascal environment,
 which restores its familiar menu list.

Creating Menus

The initialization and display of a menu list is done with several
Menu Manager routines.

- procedure InitMenus;

This procedure initializes the Menu Manager and frees space in
memory for the Menu Manager to maintain the menu list. A call to this
routine does not appear to be necessary if a program is run from mem-
ory (probably because Turbo previously called it), but it should be
called by a program saved to disk. After a call to InitMenu, the menu
list is empty.

?function NewMenu (menuID:Integer; menuTitle:string):
MenuHandle;

The NewMenu function allocates space for a new menu and returns

a handle to it. All access to a menu is done through its handle; it

~ should never be done directly even if you could figure out how. The

~ type MenuHandle is predefined and can be used in your program as
though you have included the following type definition.

type
MenuPtr = “MenuInfo
| MenuHandle = “MenuPtr;
The type Menulnfo is the record holding the information about a

menu referred to before.
‘ The parameters used with a call to NewMenu are the ID number of
. that menu and the name of the menu. The ID number used for a menu
| can only be a positive number greater than zero. Negative numbers

are reserved for desk accessories, which sometimes have their own
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menus. The menu’s title is declared in a string. A typical declaration
of a menu might look like this:

var
Menul : MenuHandle;

Menul := NewMenu(l10, 'Options');

We have declared a variable Menul as a MenuHandle and then cre-
ated a menu that would be titled Options. The menu Options is both
empty and not yet displayed in the menu bar.

procedure AppendMenu (theMenu:Menuhandle; data:String);

The AppendMenu procedure is used to place menu items in a menu.
The theMenu parameter is the handle to the menu being worked with.
The data parameter contains the menu item or items to be added to
the menu. To add a single item to a menu, that item is placed in a
string.

AppendMenu(Menu2, 'End');

Several items can be added to a menu by separating them with a semi-
colon in the string.

AppendMenu(Menul,'Optionl;Option2');

A dotted line can be added to separate the two items by using one of
the special metacharacters available for this purpose. To create the
dotted line, a single hypen (-) is used. Any text after the hypen will be
ignored.

AppendMenu(Menul,'Optionl;-;Option2');

The other metacharacters used to control the appearance of the
menu items are shown in Table 11-5.
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Table 11-5. Metacharacters Used to Control Menu Items

Metacharacter Meaning
! This item has a checkmark
< This item has a special style
/ This item has a keyboard equivalent
( This item is diplayed disabled

Generally, menu items are displayed in the system font. This cannot
be changed. However, you can vary the style the item is displayed in
by using the < metacharacter along with a second code as follows:

<B Bold

<I Italic

<U Underline
<0 Outline
<S Shadow

A good example of the attributes is the MacWrite Style menu, which
displays the items representing the style attributes in those attributes.

vPlain #P
Bold ¥#B
flafic 381
Underline #EU
0[ujtilliinle] %0

Shadom #S
Superscript %H
Subscript *L

Figure 11-6. MacWrite Style Menu

procedure Insertmenu( theMenu : menuHandle; beforeID :
‘ Integer);
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The InsertMenu procedure takes the menu record and moves it into
the menu list. All this is done by the Menu Manager; all the program-
mer needs to do is call the routine. The parameters are the menu to be
added to the list (of course) and the menu ID of the menu in the list
that this menu will be placed in front of. A menu ID value of zero will
place the menu at the rightmost position in the menu list. The menu
added is not shown on the screen until the menu bar is updated.

procedure DrawMenuBar;

The DrawMenuBar procedure redraws the menu bar on the screen
according to the current contents of the menu list.

As an example, let’s start by creating two small menus and display-
ing them.

program MenuDenmo;

uses MemTypes,QuickDraw,0SIntF,ToolIntF;
var

Menul, Menug2 : MenuHandle;
begin

InitMenus;

Menul := NewMenu(O0, 'Options');

Menu2 := NewMenu(20, 'Stop'):
AppendMenu(Menul, 'Optionl;-;Option2’');
AppendMenu(Menud,'End');
InsertMenu(Menul, 0);
InsertMenu(Menu2, 0);

DrawMenuBar;

Readln

end.

This short program declares two menus pointed to by the handles
Menul and Menu2. Items are appended to them, they are inserted into
the blank menu list (which Turbo has left empty for you), and then the
program draws the menu bar.

Option1 Option2

Figure 11-7. Menu Bar Displayed by MenuDemo
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If you run this program, you will see the menus we defined, but you
will be disappointed. The menus will not respond to the mouse clicks.
This is because we have not included in the program the mechanism to
identify a mouse click in the menu bar and then respond to it. This is
the next enhancement to our program.

We now need to do several tasks. First, we must be able to identify
when a mouseDown event occurs in the menu bar. Once we know that
a mouseDown has occurred, the Menu Manager contains a mechanism
for tracking the mouse and returning a code indicating which menu
item has been selected by the user.

In order to help process a mouse down event and determine whether
it was in the menu bar, the Toolbox contains a function that deter-
mines in relative terms where the cursor was located at the time of the
event.

function FindWindow(thePt:Point; Var whichWindow:
WindowPtr):Integer;

The FindWindow function takes one parameter, thePt, which is the
location of the cursor at the time of the event (taken from the event
record). It then returns a code based upon the location of the cursor.
For instance, it returns 1 if the location was in the menu bar, 2 if it was
in a system window (desk accessory), and so on. If the cursor was in a
window, the pointer to that window will be passed in the
whichWindow parameter, which as you can see is a variable parameter
used in a function (a rarity in Pascal).

We need not have used FindWindow for this task. We could also
have defined a rectangle that coincides with the menu bar and then
used ptinRect to check the location of the mouse click.

If the mouseDown event occurred in the menu bar, it must then be
tracked with the MenuSelect function.

function MenuSelect (startPt : Point) : LongInt;

The MenuSelect function does most of the work of handling menus.
Once the function is called with the position of the mouse down event,
it keeps control of the program until the mouse button is released. This
means that the function pulls down the menu and highlights the op-
tions as the mouse is moved. When the mouse button is released,
MenuSelect returns a LongInt holding both the menu ID and the item
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number of the menu item selected. The menu ID is in the high order of
the LongInt and the item number is in the low-order word. If the mouse
button was not released over an enables menu item, zero is returned.

To implement our new features to the MenuDemo program, we need
to change the program to use an event loop. For clarity’s sake, the
menu initialization routines have been moved into a procedure. When
a menu item is selected, the program returns the menu ID and the
menu item’s number.

Listing 1l1-4%. Menu Demo Program That Uses an
Event Loop.

program MenuDemod;
uses MemTypes, QuickDraw,0SIntF,ToolIntF;
var
Menul, Menu2 : MenuHandle;
myEvent : EventRecord;
WhereClick : Integer;
whichWindow : windowPtr;
doneFlag : Boolean;
Choosen : LongInt;
procedure InitMyMenus;
begin
InitMenus;
Menul := NewMenu(l0, 'Options');
Menu2 := NewMenu(20, 'Stop'):
AppendMenu(Menul, 'Optionl;-;Optiond');
AppendMenu(Menud,'End');
InsertMenu(Menul, 0);
InsertMenu(Menud, 0);
DrawMenuBar
end;
begin
InitMyMenus;
doneFlag := False;
repeat
if GetNextEvent(everyEvent,myEvent) then
case myEvent.what of
mouseDown :
begin
WhereClick := FindWindow(myEvent.where,
whichWindow);
if WhereClick = 1 then
begin
Choosen := MenuSelect(myEvent.where);
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writeln('Menu ID',HiWord(Choosen):4,
'Item nunmber'
LoWord(Choosen):4);
doneFlag := True;
end;

end

end;
until doneFlag;
Readln
end.

We can now jazz up our program a bit by adding some functionality
behind the menu option. The following program works as a calculator
with two functions, addition and subtraction, listed as items on one
menu and the “end” option in the second menu. The program is struc-
tured in a way more similar to most Macintosh applications. When an
event occurs, it is checked to see if it is a mouse down. FindWindow is
then called to see if the event is in the menu bar, and then, finally,
MenuSelect is called to track the event. The value returned by
MenusSelect is passed as a parameter to a procedure that processes the
particular menu options. As you can see, the size of a program using
any of the User Interface features grows very quickly.

Listing 11-5. Program That Works As a Calculator.

program MenuCalculator;
uses MemTypes, QuickDraw,0SIntF,ToolIntF;
var
Menul, MenuZ2 : MenuHandle;
myEvent : EventRecord;
WhereClick, Sum, Num : Integer;
whichWindow : windowPtr;
doneFlag : Boolean;
Choosen : LongInt;
procedure InitMyMenus;
begin
InitMenus;
Menul := NewMenu(lO0, 'Options');
Menu2 := NewMenu(20, 'Stop'):;
AppendMenu(Menul,'Add;-;Subtract!');
AppendMenu(Menu2,'End');
InsertMenu(Menul, 0);
InsertMenu(Menu2, 0);
DrawMenuBar
‘end;
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procedure DoCommand(Command : LongInt);
var
Menu, Item : Integer;
begin
Menu := Hiword(Command);
Item := Loword(Command);
case Menu of
10 : begin
if Item = 1 then
begin
Write('Enter value -->1);
Readln(Nunm);
Sum := Sum + Num;
Writeln('The current sum is', Sum:ly)
end;
if Item = 3 then
begin
Write('Enter value -->');
Readln(Num);
Sum := Sum - Num;
Writeln('The current sum is', Sum:Y)
end;
end;
20 :begin
Write('The sum is', sum:b);
doneFlag := True
end
end
end ;
begin
InitMyMenus;
FlushEvents(everyEvent,0);
doneFlag := False;
Sum := 0;
Writeln('Macintosh Calculator');
Writeln;
Write('Enter value -->');
Readln(Nunm);
Sum := Num;
repeat
if GetNextEvent(everyEvent,myEvent) then
case mnyEvent.what of
mouseDown
begin
WhereClick := FindWindow(myEvent.where,
whichWindow);
if WhereClick = 1 then
begin
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Choosen := MenuSelect(myEvent.where);
DoCommand(Choosen);
end
end

end;

until doneFlag;

Readln

end.

After running this program, you may notice that the title of the
menu selected stays highlighted until another menu is selected. It is
up to the programmer to cancel the highlighting with the HiLiteMenu
procedure.

procedure HiLiteMenu (menuID : Integer);
The HiLiteMenu procedure highlights the title of the menu whose

ID is passed as a parameter. If a menu ID of 0 is used, HiLiteMenu
unhighlights any currently highlighted menu.

SWAPPING MENU BARS

Occasionally you will create programs that will use two or more dif-
ferent menu bars. This can be easily accomplished with the help of a
few of the Menu Manager’s routines.

function GetMenuBar : Handle;

The GetMenuBar function creates a copy of the current menu bar
and then returns a handle to it.

procedure SetMenuBar (menuList : Handle):;

The SetMenuBar procedure copies the menu list pointed to by the
handle given to the current menu list.

procedure ClearMenuBar;

The ClearMenuBar procedure removes all menus from the menu list
so that a new menu can be started.
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These three routines, along with DrawMenuBar, are used to swap
the menu displayed. The program SwapMenus presented next starts
by initializing two menu lists. This is a tricky technique because only
one menu list can be built at any one time. Once the first menu list is
built with NewMenu, AppendMenu, and InsertMenu, a handle to a
copy of that menu list is created with GetMenuBar. The menu list is
then cleared and the second list created and saved in the same way.
The menu list is then cleared once more and the original list rein-
stated with SetMenuBar. ,

The program itself is very simple. Each menu list contains two
menus. The first is used to swap to the other menu list and the second
to terminate the program. The program keeps track of which menu list
is displayed with the variable Which, which has a value of 1 if the first
menu list is displayed and 2 if the second menu list is displayed.

Listing 1l-b. Program That Swaps Menus.

program SwapMenus;

uses MemTypes, QuickDraw,0SIntF,ToolIntF;

var

MenHandl, MenHand2 : Handle;

Menul, MenuZd,Menu3, Menu4 : MenuHandle;
nyEvent : EventRecord;

WhereClick, Which : Integer;

whichWindow : windowPtr;

doneFlag : Boolean;

Choosen : LongInt;

procedure InitMyMenus;

begin
InitMenus; {First menu list}
Menul := NewMenu(l0, 'Menus');
Menu2 := NewMenu(20, 'Stop'):
AppendMenu(Menul, 'Menud');
AppendMenu(Menugd,'End');
InsertMenu(Menul, 0);
InsertMenu(Menu2, 0);
MenHandl := GetMenuBar; {Save reference to it}
ClearMenuBar;
Menu3 := NewMenu(l0, 'Different Menus'); {Second

menu list)

Menu4 := NewMenu(20, 'Stop'):;
AppendMenu(Menu3, 'Menul');
AppendMenu(Menul4,'End');
InsertMenu(Menu3, 0);
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InsertMenu(Menul4, 0);
MenHand2 := GetMenuBar; {Save reference to it}

ClearMenuBar;
SetMenuBar(MenHandl); {Restore first menu list}
DrawMenuBar
end;
procedure DoCommand(Command : LongInt);
var
Menu, Item : Integer;
begin
Menu := Hiword(Command);
Itemn := Loword(Command);
case Menu of
10 : begin
if Which = 1 then
begin
SetMenuBar(MenHande2);
Which := ¢
end
else
begin
SetMenuBar(MenHandl);
Which := 1
end;
DrawMenuBar
end;
20 :begin
doneFlag := True;
end
end;
HiLiteMenu(0);
end ;
begin
InitMyMenus;
FlushEvents(everyEvent,0);
doneFlag := False;
Which := 1;
repeat
if GetNextEvent(everyEvent,myEvent) then
case myEvent.what of
mouseDown :
begin
WhereClick := FindWindow(myEvent.where,
whichWindow);
if WhereClick = 1 then
begin
Choosen := MenuSelect(myEvent.where);
DoCommand(Choosen);
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end
end
end;
until doneFlag;
end.

DISPLAYING THE APPLE MENU

If you run the menu programs we have been developing, one thing
might strike you as missing—that is, the apple (p) menu that lists the
desk accessories. It is quite simple to interface with desk accessories
so that they are available for use in any program you are developing.
There are two steps to displaying the apple (p) menu. The first is the
creation of a menu with the apple symbol as its title. This is quite
simple. The ASCII code for the apple symbol is 14, although we can
used the predefined constant appleMark instead. This code must be
placed in a string. One might think that the following would work
correctly, but it won’t:

Menul := NewMenu(lO0, Chr(appleMark));

This won’t work because it passes a single character instead of a
string of length one. What’s the difference? Remember that a string is
stored as a record with the number of characters in the string in its
first byte. The NewMenu function is looking for the string in that posi-
tion, so a character will just not do. The simplest way to accomplish
this is to declare a string of size 1.

AppTitle : stringll];

Assign a single blank to it and then place the appleMark in the first
(and only) position of the following string:

AppTitle := ' !';
AppTitlell] := chr(appleMark);
Finally, declare the following menu.

Menul := NewMenu(lO, AppTitle);
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Now that the menu title is set up, the more interesting question is,
how do you get the names of the available desk accessories into the
menu? Where do they come from? Although it might sound difficult to
do this, it is really quite easily performed. As you probably know from
using the FontMover utility, desk accessories are stored as resources
in the System File. A Menu Manager routine is used to look in the
System File, find the available desk accessories, and insert them in the
menu.

procedure AddResMenu (theMenu : MenuHandle; theType :
ResType):

The AddResMenu procedure searches the System File (and other
open resource files) for resources of type theType and appends any
found to the given menu. Desk accessories are stored with a ResType
of ‘DRVR.’ The following procedure call sets up the apple menu:

‘AddResMenu(Menul, 'DRVR');

The following program displays the DA menu along with our Stop
menu:

Listing 11-7?. Program That Displays DA Menu and
Stop Menu.

progran DADemol;

uses MemTypes, QuickDraw,0SIntF,ToolIntF;
var

Menul,Menu2 : MenuHandle;

nyEvent : EventRecord;

WhereClick: Integer;

whichWindow : windowPtr;

doneFlag : Boolean;

Choosen : LongInt;
procedure InitMyMenus;

var
AppTitle : stringll];
begin

InitMenus;

AppTitle := ' !';

AppTitlel[l] := chr(appleMark);
Menul := NewMenu(l0, AppTitle);
Menu2 := NewMenu(20, 'Stop');
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AddResMenu(Menul, 'DRVR');
AppendMenu(Menugd,'End');
InsertMenu(Menul, 0);
InsertMenu(Menu2, 0);
DrawMenuBar
end;
procedure DoCommand(Command : LongInt);
var
Menu, Item : Integer;
begin
Menu := Hiword(Command);
Item := Loword(Command);
case Menu of
10 : begin
end;
20 : begin
doneFlag := True;
end
end;
HiLiteMenu(0);
end ;
begin
InitMyMenus;
FlushEvents(everyEvent,0);
doneFlag := False;
repeat
if GetNextEvent(everyEvent,myEvent) then
case myEvent.what of
mouseDown :

begin
WhereClick := FindWindow(myEvent.where,
whichWindow);
if WhereClick = 1 then
begin

Choosen := MenuSelect(myEvent.where);
DoCommand (Choosen);
end
end
end;
until doneFlag;
end.
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If you run this program, you can see the list of desk accessories up
on the apple menu but can’t use them. It will take some more effort to
be able to do this. We must be able to identify which desk accessory
has been called, invoking the desk accessory, and passing mouse clicks

to the DA.
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When a DA has been selected from the apple menu, the program can
easily find the menu and item number but needs the actual text of the
item name to call the DA. This is not a problem when a program sets
up the menu, but the program does not know which DAs are in the
System File. Fortunately, the Toolbox contains a routine for this task.

procedure GetItem (theMenu : MenuHandle; item :
Integer; v itemString);

The Getltem procedure returns as a variable parameter the text of
the menu item described by theMenu and item.

Once the text of the item has been found, it can be used to call the
desk accessory.

function OpenDeskAcc (theAcc : string) : Integer;

The OpenDeskAcc function reads the desk accessory having the
name given in theAcc and displays it as the active window.

Once the DA is opened, mouse clicks must be passed down to it.
When a mouse down occurs in a window belonging to a DA (called the
system window), the FindWindow function will return the appropriate
code. At that point a call should be made to SystemClick.

.procedure SystemClick (theEvent : EventRecord;
‘ theWindow : WindowPtr);

The SystemClick procedure is part of the Desk Manager, which is
responsible for handling desk accessories. SystemClick sends the
mouse down event to the DA if the system window is active or makes it
the active window if it isn’t.

THE SYSTEM TASK PROCEDURE

.procedure SystemTask;

The SystemTask procedure causes each open desk accessory to per-
form any periodic action it was designed to do, such as update a clock.
The SystemTask procedure needs to be called at least every 1/60 of a
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second. This is best done by placing it in the main event loop of the
program.

Here is the DADemo program fully able to activate desk accessories.
It still has some shortcomings, however. For instance, it doesn’t sup-
port cut and paste operations. The structure of the program is substan-
tially similar to the earlier version except that a second Case
statement has been added to work with the results of FindWindow.

Listing 11-8. Program That Activates Desk
Accessories.

progran DADemoZ;
uses MemTypes, QuickDraw,0SIntF,ToolIntF;
var
Menul ,Menu2 : MenuHandle;
myEvent : EventRecord;
WhereClick: Integer;
whichWindow : windowPtr;
doneFlag : Boolean;
Choosen : LongInt;
DAName : string;
procedure InitMyMenus;
var
AppTitle : stringl[l]1;
begin
InitMenus;
AppTitle := "' !';
AppTitlel[l] := chr(appleMark);
Menul := NewMenu(l0, AppTitle);
Menu2 := NewMenu(20, 'Stop'):
AddresMenu(Menul, 'DRVR!');
AppendMenu(Menugd,'End');
InsertMenu(Menul, 0);
InsertMenu(Menu2, 0);
DrawMenuBar
end;
procedure DoCommand(Command : LongInt);
var
Menu, Item, Temp : Integer;
begin
Menu := Hiword(Command);
Item := Loword(Command);
case Menu of
10 : begin
GetIten(Menul,Item,DANane);



308 TurBo PASCAL FOR THE MAC

Temp := OpenDeskAcc(DAName);
end;
20 : doneFlag := True;
end; {(Case]
HiLiteMenu(0);
end ;
begin
InitMyMenus;
FlushEvents(everyEvent,0);
doneFlag := False;
repeat
SystemTask;
if GetNextEvent(everyEvent,myEvent) then
case myEvent.what of
mouseDown :
begin
WhereClick := FindWindow(myEvent.where,
whichWindow);
case WhereClick of
inMenuBar:
begin
Choosen := MenuSelect(myEvent.where);
DoCommand(Chosen);
end;
inSysWindow :
SystemClick(myEvent, whichWindow);
end {Case}
end {Case}
end; (If}
until doneFlag;
end.

MISCELLANEOUS MENU ROUTINES

Following are a number of additional Menu Manager routines that
can be used to embellish your programs. Each is relatively straightfor-
ward if you have followed the previous examples.

procedure DisposeMenu (theMenu : MenuHandle);

The DisposeMenu procedure is used to release the memory allo-
cated by a call to NewMenu. It should be used to discard temporary
menus not being used since the memory allocated is being wasted.
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procedure DeleteMenu (menuID : Integer);

The DeleteMenu procedure deletes a menu from the menu list but
does not release the memory it occupied. If there is no menu with the
given menu ID, DeleteMenu has no effect.

procedure SetItem (theMenu : MenuHandle; item : Integer;
itemString : string):

The Setltem procedure changes the text of the given menu item to
itemString. The procedure does not recognize the metacharacters used
in AppendMenu. This procedure is useful to swap between two alter-
native menu choices such as Show Window and Hide Window.

procedure DisableItem (theMenu : MenuHandle; itenm :
Integer);

The Disableltem procedure dims the given menu item so that it can-
not be selected by the user. To disable an entire menu, pass a value of
zero for the item.

procedure EnableItem (theMenu : MenuHandle; item :
Integer);

The Enableltem procedure performs the opposite function to Di-
ableltem, enabling the given menu item. To enable an entire diabled
menu, pass a value of 0 for the item.

procedure CheckItem (theMenu : MenuHandle; itenm :
Integer; checked : Boolean);

The CheckItem procedure places or removes a checkmark at the left
of the given menu. After a call to CheckItem with checked=True, a
checkmark will appear each subsequent time the menu is pulled
down. A value of False removes the checkmark.

procedure SetItemMark (theMenu : MenuHandle; item :
Integer; markChar : Char);

The SetltemMark procedure works with CheckItem by describing
what to display left of the menu item. Any character in the system font
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can be used. The following predefined values are useful as parameters
to SetItemMark:

const

noMark = 0 ; {NUL character, to remove a mark}
comnandMark = $11; {Command key symbol}
checkMark = $12; {The checkmark]

diamondMark = $13; {Diamond symbol}

appleMark = $l.4; {Apple symbol}

procedure GetItemMark (theMenu : MenuHandle; item :
Integer; var markChar : Char);

The GetltemMark procedure is the reciprocal of SetItemMark, re-
turning the current checkmark in the variable parameter markChar.

procedure SetItemStyle (theMenu : MenuHandle; item :
Integer; chStyle : Style);

The SetItemStyle procedure changes the character style of the given
menu item to chStyle. The character style is passed as a set of mem-
bers of the set Style. For example, the [ bold, outline ] procedure has a
similar effect to the use of metacharacters in AppendMenu.

procedure GetItemStyle (theMenu : MenuHandle; itenm :
Integer; var chStyle : Style);

The GetltemStyle procedure is the complement of SetItemStyle, re-
turning the style of the menu item as a variable parameter.

function CountMItems (theMenu : MenuHandle) : Integer;

The CountMItems function returns the number of menu items in the
given menu.

function GetMHandle (menuID : Integer) : MenuHandle;

The GetMHandle function returns a handle to the menu whose
menu ID is given.

procedure FlashMenuBar (menuID : Integer);



EVENTs AND EVENT HanoLing 311

The FlashMenuBar procedure inverts the title of the given menu or,
if a menu ID of zero is given, the entire menu bar. Many programs use
this as a visual warning to the users should the sound be turned down.
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A Complete Macintosh
Application—The TurboDraw
Program

INTRODUCTION

We have reached the final chapter of the book and now are ready to
drive at full speed. As a graduation present we present not a diploma,
but the design and implemention of an entire Macintosh-style applica-
tion. The program, monikered “TurboDraw,” is an object-oriented
drawing program. In order to develop it we will introduce some new
Macintosh Toolbox routines and explore some new programming tech-
niques.

In order to develop TurboDraw we will need to combine many of the
topics covered in the book. Since this will present a Macintosh-style
User Intjrface, the program will implement event handling with an
event loop in the main program. We will need most of our knowledge
of QuickDraw to draw the various shapes and lines used by the pro-
gram and will need a sophisticated data structure such as a linked list
to represent the data used. The program will need to save and lead
data from a disk file, a concept already covered, and print graphics, a
concept presented.
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DRAWING PROGRAMS

There are two basic types of drawing programs, object-oriented and
bit-mapped. You have probably already encountered both. To illus-
trate the difference between the two, think about the task of arrang-
ing furniture in a room. It is obviously easier and less tiring to move
furniture around on paper than to actually carry the furniture. One
possible way to model a room on paper is to draw a picture of the room
and each piece of furniture in it. With this approach, if you wanted to
move a desk from one wall to another, you would have to erase the
desk and then redraw it someplace else on the paper. Another ap-
proach is to cut out pieces of paper the size and shape of each piece of
furniture and place them into a box that models the shape of the room.
Now if you wanted to move a desk from one place to another, you
simply move the piece of paper representing the desk.

The first method corresponds to the bit-mapped approach to draw-
ing. The information contained in the picture is stored in the pixels
(bits) of the drawing surface. The user creates or modifies the picture
by turning each pixel either on or off (black or white). The program
presented in chapter 8 used this approach, as does MacPaint. Bit-
mapped drawing is best used for drawing pictures and artwork.

The second method corresponds to the object-oriented approach to
drawing. The information is separate from the drawing surface. The
user manipulates objects such as lines, rectangles, circles, or pieces of
furniture as units rather than manipulating the pixels that make up
the object. This approach is used by MacDraw and is best for modeling
things in the real world and representing abstract concepts graphi-
cally.

TURBODRAW

The TurboDraw program can be used for creating many different
kinds of charts, including syntax diagrams, flow charts, data flow dia-
grams, structure charts, organizational charts, and many others. Let’s
start the design process by listing what we want it to do.
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1. The program will be able to represent three kind of objects,

rectangles, ovals, and round-cornered rectangles, to be called
nodes.

2. The user will be able to determine the size and shape of the
nodes when they are created.

3. The user will be able to create any number of nodes.
4. The user will be able to move nodes around on the screen.

5. Relationships between two nodes can be represented by a
straight line connecting the two objects, called an edge.

6. Graphics created by the program can be printed on the
printer.

7. A diagram created by the program can be saved to and loaded
from disk.

The following figure shows what a chart created by the program
might look like:

File

N N

T ol M

Figure 12-1. The TurboDraw User Interface
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The User Intetface

Now that we know what the program is going to accomplish, we must
determine how the user will control the program and tell it what to do.

The program will be modeled on a metaphor of a painter’s palette.
On the left side of the screen there will be a palette containing the
tools for drawing, each tool represented by a picture of the tool inside
arectangle. The rest of the screen will be used as the drawing surface.

The program will have eight different actions the user can take. The
rules for each are as follows:

1. Select a tool.

a. A tool can be selected by clicking in its box.

b. When a tool is selected it will be inverted.

c. Only one tool may be selected at any time.

d. When a tool is selected, all other tools are unselected.

e. When a tool is unselected its box is uninverted.

lagl

Clicking on a tool that is selected unselects it.
2. Draw a node.

a. A node can be drawn when the box, oval, or round-cornered
box tools are selected.

b. To draw a node, click on the drawing surface and hold the
button down while moving the mouse until the node is the
desired size. Then release the button.

3. Connect nodes.

a. Nodes can be connected if the line tool is selected.
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b. To connect two nodes, click in the first node and hold the

button down while moving the mouse until the cursor is in
the second node. Then release the button.

c. When two nodes are connected there will be a line drawn
between them.

. Move nodes.
a. A node can be moved when no tools are currently selected.

b. To move a node, click inside the node, then drag the node to
the desired position and release the button.

c. After a node has been moved, the node and all connections
at the node’s previous location are erased, and the connec-
tions are redrawn at the new position.

d. If the new position of the node overlaps another node, then
the node will be put back in its original position.

. Save diagram.
a. Choose “Save” from the File menu.

b. Enter the name of the file in the standard Macintosh save
dialog box.

. Load diagram.
~ a. Choose “Load” from the File menu.

b. Select the name of the file to load from the standard Macin-
tosh load dialog box.

. Print diagram.
a. Choose “Print” from the File menu.

b. Fill out the standard Macintosh print dialog box.
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8. Quit program.

a. Choose “Quit” from the File menu.

The Data Structure

Perhaps the most important decision in program design is what data
structure will be used to represent the information manipulated by
the program. The choice of a data structure will impact upon every
other stage of the program, and an improper selection might send you
back to the drawing board. Several different kinds of objects must be
represented by TurboDraw, including nodes (rectangle, oval, round-
cornered rect) and edges. The program should allow any number of
nodes to be drawn. This suggests the use of dynamic memory alloca-
tion and linked lists. [ Since we are going to use Macintosh-like inter-
face features (menu bar), we will also use Macintosh-like memory
management, that is, handles. ]

NODES

We will represent a node by storing a rectangle and a user-defined
scalar type. The rectangle will specify the size and position of the node
and the user-defined type will specify the shape of the node. To make
each node part of a linked list, each node must also contain a link to
the next node. The following is the data structure of a node :

ToolType = ( NoTool, RectTool, OvalTool, RndRectTool, LineTool);
NodePtr = “Node;
NodeHndl = *NodePtr;
Node = record
Shape : Rect;
kind : Integer;
link : NodeHndl
end;

This linked list data structure will be used extensively throughout
the program. The list will contain a handle that always points to the
first node in the list (NodeList in the next example). The list’s final
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node will always have NIL in the link field of the last node. If the list is
empty, the handle to the first node will contain NIL. Let us examine a
code fragment that is used to examine each node in a linked list.

var
CurrNode : NodeHdnl; { Handle to the current node }
begin
CurrNode := Nodelist; { Make first node current }
while CurrNode <> NIL do { Do as long as there
begin are more nodes }
{ Do what must be done to the node }
CurrNode := CurrNode~”~.link { Move to next node }
end
end;

Note how this link list program using handles has almost the exact
same structure as the one used in Chapter 10 using pointers.

EDGES

Like nodes, there can be an arbitrary number of edges. This also
suggests a data structure using a dynamically allocated link list. Each
edge connects two nodes, therefore each edge will contain links to two
nodes and a link to the next edge :

EdgePtr
EdgeHndl

~Edge;
~EdgePtr;

Edge = record
nodel : NodeHndl;
nodeeé : NodeHndl;
link ¢ EdgeHndl
end;

The code for traversing the edge linked list structure is analogous to
that for traversing the node linked list.

The following two figures show a labeled diagram drawn by
TurboDraw and a conceptual picture of how the two data structures
would be represented internally.
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File

N |O0|10

Figure 12-2. A Flow Chart

Note the letter used to label the nodes and edges above are not part
of the diagram and are just used to label different components.

| Nodelist |

A 4 B C
Shape| Kind Shape| Kind

[ [ [ 4

Shape| Kind L » Nil

Node1 | Node2 ® Node1| Node2 | —T—* Nil

Edge List

Figure 12-3. The Data Structure
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Designing TurboDraw

The program will be designed in a top-down fashion using
pseudocode. Details will be refined as we proceed. Let’s start by look-
ing at the main program, which like all Macintosh-style applications
will use an event loop.

program TurboDraw
begin
Initialize everything
repeat
if there is an event
HandleEvent
until done
end

The initialization routine will set all the various data structures to
their initial state.

procedure Initialize
begin
Initialize the menus
Start with empty NodeList and EdgeList
Draw the Tool Palette
Set to not done progranm
Set default name of file
end

The heart of the program is the HandleEvent procedure; it will pro-
cess all events received. The following pseudocode shows some of the
structure of that procedure.

procedure HandleEvent
begin
if click outside of any window
Let the system take care of it
else if click in menu bar
i1f save file selected then
DoSave
if load file selected then
DoLoad
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if print file selected then
DoSave
if quit then
set done to true
else if click on drawing surface
if there is a current tool
if tool is a line
DrawEdge
else
DrawNode
else
if click was in a node
MoveNode
end

We could continue decomposing the program into smaller pieces to
expose further detail. For example, let’s look at the MoveNode proce-
dure described above:

procedure MoveNode
begin
get starting mouse position
while the button is still being pressed do
get mouse position
draw temporary node at new position
undraw temporary node
if node doesn't overlap another node then
erase edges connecting to node at old location
erase node at o0ld location
draw node at new location
draw edges connecting to node at new location
end

When decomposing a program with pseudocode, you should con-
tinue breaking it down until you can easily translate each pseudocode
statement into Pascal. If a statement cannot be easily translated, it
should be decomposed further.

Because of the size and complexity of TurboDraw, we will only ex-
amine in detail those parts of the program that introduce new con-
cepts, new features of the Macintosh not already covered or that
require more explanation than the comments can provide.
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CONNECTING THE NODES WITH EDGES

One of the most interesting problems posed in the program is how to
draw an edge between two nodes without having the line go inside the
nodes. Let’s say we want to connect two nodes that are oval in shape. It
is simple to find the center point of the rectangle that defines the oval
nodes and draw a line connecting them, as figure 12-4 shows.

Sead

Figure 12-4. Connecting Nodes

The dotted lines indicate the edge drawn from the center of one
node’s rectangle to the center of the other nodes rectangle.

However, we would prefer it if the diagram looked like figure 12-5,
with the edges stopping at the circumference of the node.

Figure 12-5. Eliminating Lines
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In order to accomplish this we will use some of the more advanced
graphics capabilities of the Macintosh. QuickDraw allows the defini-
tion of a region where anything drawn inside it will be displayed, but
anything drawn outside it will not. It is called a clipRgn. Normally, the
area defined by the clipRgn will be the entire drawing surface, and
everything drawn will be displayed. By excluding from this the area
taken up by the two nodes, anything drawn inside the node will not be
displayed. We will simply create a new region that will temporarily
replace the default clipRgn. There are several additional procedures
we need to carry out this plan.

procedure GetClip(theRgn : RgnHandle)

The GetClip procedure changes the given region to one equivalent
to the current clipping region. In a sense, it returns in theRgn a handle
to the current clipRgn.

procedure SetClip(theRgn : RgnHandle)

The SetClip procedure changes the clipping region to the region
pointed to by the handle theRgn.
Now let’s look at the pseudocode for drawing the edge:

Save the current clipping region

- Construct a new clipping region the same as the old
- excluding the two nodes

Make the new clip region the current clip region
Draw a line connecting the two nodes

Restore the original clip region

The following procedure shows how it is implemented in the pro-
gram:

procedure DrawEdge(theEdge : EdgeHndl);
var

pl, p2 : Point;

tempRgn,

holdRgn : RgnHandle;
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{ Returns the point that is the center of the region }
{ specified by theRgn }

procedure centerRect(theRect : Rect; var p : Point);

begin
with theRect do
begin
p.v := (top + bottom) div 2;
p-h := (left + right) div 2
end
end;
begin
tenpRgn := NewRgn; { Allocate new clip region }
holdRgn := NewRgn; { Space to hold old clip region }
GetClip(holdRgn); { Get the current clip region )
OpenRgn; { Create new clip region that }

FrameRect(holdRgn**.rgnBBox); {entire drawing window}
DrawNode(theEdge~~.nodel); {excluding the nodes}
DrawNode(theEdge**.nodecd); {that make up thel
CloseRgn(tempRgn); {end points of the edge)
SetClip(tempRgn); {Make the new clip region current}
{ Draw the edge from the center of one node to }
{ the center of the other }
centerRect(theEdge**.nodel”*”*.Shape, pl);
centerRect(theEdge**.node2”*.Shape, p2);
Line(pl, p2):;

SetClip(holdRgn); { Restore the original clip region )
DisposeRgn(tempRgn);{ Get rid of the temporary regions |}
DisposeRgn(holdRgn)

end;

PRINTING PICTURES

While Turbo Pascal can easily print text to a printer, it has no facil-
ity to print graphics, and at first glance this seems like a mighty formi-
dable task. However, printing graphics on the Macintosh is simpler
than you might think. It requires working with the Toolbox’s Print
Manager, which contains all the routines necessary. Here are the steps
involved:

Open and initialize the Print Manager

Set the print record to default values



326 TurBO PASCAL FOR THE MAC
Show dialog allowing user to change default values
If the user didn’t cancel the job
open the printing document
open the page
draw whatever is going to be printed
close the page
close the printing document
print the document

Release memory for Print Manager

The Print Manager is designed for great flexibility so that it can be
used with a wide variety of printers now and in the future. For in-
stance, the LaserWriter did not exist when the Mac was created, but
the Print Manager handles it just fine. To do this it uses several com-
plex data structures, which will be discussed only in limited detail. For
more information see “Printing from Macintosh Applications,” in In-
side Macintosh. .

Printing from a Macintosh application is conceptually simple. When
the user selects the Print option from a menu, the Print Manager is
initialized. The program then displays a dialog box to get some infor-
mation about the printing. From here on, printing is a two-stage pro-
cess. First, the program creates a “port” to print with. The printing
port is analogous to QuickDraw’s GrafPort, and the program simply
draws all the QuickDraw structures on the screen to the printing port.
Of course, the program must be able to re-create what is on the screen,
but with an object-oriented program such as TurboDraw this is simple.
We just move through the data structures, redrawing all the objects to
the port as we go. Next, what has been drawn to the port is saved by
the Print Manager to a temporary file and then sent to the printer in a
technique called spooling. Once everything is printed, close up the
Print Manager.
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The Print Manager maintains three data structures we are con-
cerned with, the record types TPrint, TPrPort and TPrStatus. These
three records have complex definitions that are not important at this
point. Simply put, however, the TPrint record holds information such
as the size and shape of the paper, number of copies, and type of
printer. The TPrPort record defines the graphics environment in which
we are drawing. TPrStatus is used to hold status information about
how the print job is progressing. In the code that follows you will see a
type THPrint. The “H” means that THPrint is a handle to TPrint. Simi-
larly, TPPrPort is a pointer to TPrPort because of the extra “P.”

To use the Print Manager routines, the Uses statement at the begin-
ning of the program must list the MacPrint unit. Once that is done, all
the Print Manager’s routines and data structures are available for use.
In order to use the Print Manager it must be opened, and after we are
finished using it, it must be closed. The procedures that do this are

procedure PrOpen
procedure PrClose

Neither of these procedures takes any parameters, so both are quite
easy to use. PrOpen loads the printer resources from the disk, which
may take a second or two to complete. PrClose terminates all interac-
tion with the Print Manager. These procedures can be called each time
they are needed. However if you are going to print frequently during
your application and wish to avoid the slight pause, call PrOpen just
once at the start of the program. In our case, they can be called imme-
diately before and after printing.

After the Print Manager has been initialized, we must allow the user
to make some choices about how the print job should continue. If they
are using an Image Writer, they can decide on the quality (draft, stan-
dard or high), the number of copies to be printed, and the type of
paper. This information is kept in a record of type TPrint, which we
must create and set with some default values. The record is created
using the NewHandle routine. The Print Manager has a procedure
(called PrintDefault) for setting the TPrint record to standard default
values.

procedure PrintDefault (hPrint : THPrint);
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The PrintDefault procedure fills the fields of a print record with
default values; hPrint is a handle to the print record.

var
hPrint : THPrint;

hPrint := THPrint(NewHandle(sizeof(TPrint)));
(PrintDefault(hPrint)

Now we can show the user a dialog box of printing options by using
the PrJobDialog function.

function PrJobDialog (hPrint : THPrint) : Boolean;

The PrJobDialog displays the familiar dialog box used whenever you
print from any Macintosh application. The dialog box for the
ImageWriter is shown in Figure 12-6. The dialog box the user sees is
dependent upon the print driver installed and selected by the user
with the Chooser desk accessory. This makes the printer transparent
to the program creating the output. PrJobDialog takes a parameter of
type THPrint and returns True if the user responds OK and False
otherwise (Cancel).

Imagelriter V25
Quality: O Best @ Faster O Draft

Page Range: @ All O From: | | To: | | Cancel
Copies:
Paper Feed: @ Automatic O Hand Feed

Figure 12-6. The ImageWriter Dialog Box

The next step is to create a port to draw in. To do this we use the
PrOpenDoc function.

function PrOpenDoc (hPrint : THPrint; pPrPort : TPPrPort; pIOBuf
¢ Ptr) : TPPrPort;
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The PrOpenDoc function creates a printing port and returns a
pointer to it as the value of the function. The parameter hPrint is the
current print record with the values entered by the user into the dia-
log box. We will pass NIL for the other parameters to indicate that we
will accept the Print Manager’s default values for these.

thePPort := PrOpenDoc(hPrint, NIL, NIL);

Next we open a page for drawing, draw to the port, close the page,
and close the document.

procedure PrOpenPage (pPrPort : TpPrPort; pPageFrame
:TpRect);

The PrOpenPage procedure initializes one “page” of output for the
printer. The parameters are the printer port we are using and Nil to
represent that no scaling is to be performed.

procedure PrClosePage (pPrPort : TIpPrPort) ;

The PrClosePage procedure finishes up the current page of printing
and ejects the page if necessary.

procedure PrCloseDoc (pPrPort : TpPrPort) ;

The PrCloseDoc procedure finishes up the printing of the document
associated with the printer port specified.

PrOpenPage(thePPort, NIL);

Drawidll; { Routine that draws everything)
PrClosePage(thePPort);

PrCloseDoc(thePPort);

DrawAll is a procedure in the program that draws all the objects to
the part as discussed.
Finally, we call a Print Manager procedure to do the printing.

PrPicFile(hPrint, NIL, NIL, NIL, prStatus);

The PrPicFile procedure performs the spooling and printing pro-
cess. The only two parameters to worry about are hPrint, which is the
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print record, and prStatus, which is a record passed as a variable pa-
rameter containing information on the printer status.

To end we simply clean up any dynamically allocated memory and
close the Print Manager. The whole procedure follows.

procedure DoPrint;
var
hPrint THPrint;
thePPort: TPPrPort;
prStatus: TPrStatus;
begin
PrOpen;
hPrint := THPrint(NewHandle(sizeof(TPrint))):
PrintDefault(hPrint);
if PrJobDialog(hPrint) then
begin
thePPort := PrOpenDoc(hPrint, NIL, NIL);
PrOpenPage(thePPort,NIL);
DrawAll;
PrClosePage(thePPort);
PrCloseDoc(thePPort);
PrPicFile(hPrint, NIL, NIL, NIL, prStatus)
end;
DisposHandle(Handle(hPrint));
PrClose
end;

LOADING AND SAVING THE DATA
STRUCTURES

To be useful, a Tubro Draw program must be able to save a diagram
to disk and be able to recall it later. As we have seen, for some types of
programs this is quite easy; all that has to be done is write a file of all
the information being stored in memory. However, in an object-ori-
ented drawing program, it’s not quite so simple. We must find some
suitable way to organize and store the information we are working
with. The first problem is that we have two different types of objects
represented, nodes and edges. The second problem is that each of our
objects has a relationship with one or more other objects. Saving han-
dles in a disk file is useless because the memory location it holds will
be meaningless when the program is reloaded into a different area of
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memory. We can get around this problem by numbering the nodes in
the order in which they are stored in the linear linked list. We will
assign the first node in the list number 0, the second node number 1,
and so on. If we use figure 12-2 as an example, node A is numbered 0,
node B is numbered 1, and node C is 2. It is easy to save the nodes and
preserve their number; simply go through the linked list and write the
nodes to disk. The first node in the disk file will be record 0, the next
node is record 1, and so forth. The order in which they are written will
be the same order they are read back later. The only information we
need to record in the file for nodes is the rectangle that defines them
and the shape of the node. It is not necessary to store the link handle
to the next node because that information is preserved in the order in
which the nodes are stored.

Saving the edges is only slightly more complicated. An edge can be
defined by the nodes that it connects. Using our numbering scheme, in
Figure 12-2 edge x connect nodes 0 and 1, and edge y connects nodes 0
and 2. We must traverse the list translating the handles to nodes into
node numbers before the edges can be stored to disk. We will write a
function Hdnl2Num, which translates the node handle into the node
number. This function simply traces through the node list looking for a
matching handle and keeping track of the number of the node exam-
ined. When it finds a match it returns the number of the node.

Two in One

It is much simpler to work with files having a single kind of record
rather than two different types. We will therefore use a variant record
to place the representation of both nodes and edges into the same type
of record. The declaration for this record is

SaveRec = record
case tag : Boolean of

TRUE : (Shape : Rect; { Node )}
kind : Integer);

PALSE: (nodel : Integer; { Edge )
nodecd : Integer);

end;
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There is a tag field of type Boolean that determines if a particular
record holds a node or an edge. If the tag is True, the record uses the
variables Shape and Kind to represent a node. If tag is False, the
record uses the variables Nodel and Node2 to hold an edge. The file
we use to save our diagram will be of type SaveRec. To save, we will
traverse through the nodes, transferring from the node structure into
the file. The same kind of operation will be done to save the edges.

FILENAMES

In order to comply with the standard Macintosh User Interface, we
must when saving a file display a dialog box for entering the file-
name.This dialog box is displayed by the Toolbox’s SFPutFile proce-
dure.

- procedure SFPutFile (where : Point; prompt : string; origNanme :
‘ string; dlgHook: ProcPtr; var Reply :
SFReply):

The SFPutFile procedure displays the standard Save File dialog box
as shown in figure 12-7. The parameters designate where on the screen
to display the dialog box, a prompt for the user, the name of the last
file used by the program (to do a check), a hook to an additional dialog
box (for our use it’s Nil), and the information entered by the user in a
record in which the name entered is held in the name field. Other
fields that indicate whether the user clicked on Save or Cancel are
also contained in this record, but we will ignore them here and assume
a click in the Save button for simplicity. We will use a procedure
called NewFileName to handle the SFPutFile procedure. SFPutFile is
part of the Toolbox’s Package Manager and requires the unit PackIntf
to be in the Uses statement at the beginning of the program.

procedure NewFileName(var fname : STring);
var
reply : STFReply:
where: Point;
begin
where.h := b0O; where.v := 50;
SFPutFile(where, 'Save Document
as:',fname, NIL, reply):
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fname := reply.fname
end;

In this example, Where is a point that determines the location of the
top left-hand corner of the dialog box that appears on the screen. The
string ‘Save Document as:’ is the message displayed in the dialog box.
The string fname contains a default name to present to the user. For
more detail on all the available features of SFPutFile, see the Package
Manager chapter of Inside Macintosh.

RamDisk

Yy Finder 5 RamDisk
0 System —
< Yurbe §ivet

e

<l

i

Save text as: Sapeg

Cancel

Figure 12-7. The Save Dialog Box

There is also a comparable procedure called SFGetFile that displays
a dialog box for opening a file that already exists on disk, as shown in
figure 12-8. We use this in our function OldFileName when loading our
diagram back into memory.
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Figure 12-8. The Open Dialog Box

The code that creates this dialog box is analogous to that of
NewFileName and can be found in the source code for TurboDraw at
the end of the chapter.

Here is the code for the entire TurboDraw program:

Listing 12-1. The Complete TurboDraw Program.

program TurboDraw;

uses
Memtypes,QuickDraw,0SIntf,ToolIntf,PackIntf,MacPrint;

const

fileN = 1; { Number of File menu}
printItem = 1; { Print choice in File menu }
loadItem = 2;
saveltem = 3;
quitItem = 5; { Quit choice in File menu }
MaxEdges = 1.0; { Maximum number of edges on a node }
type
ToolType = ( NoTool, RectTool, OvalTool, RndRectTool, LineTool);
NodePtr = “Node;
NodeHndl = “NodePtr;
Node = record
Shape s Rect; { Handle to structure holding shape }
kind : ToolType; { Type of shape for this node )}
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link H NodeHndl { Handle to next node in node list}
end;
BdgePtr = ~Bdge;
BdgeHndl = “BdgePtr;
Edge = record
nodel : NodeHndl; { Handle to node on one side of edge}
node?d : NodeHndl; ( Handle to node on other side}
link : EdgeHndl ( Handle to next edge in edge 1list}
end;

SaveRec = record
case tag : Boolean of

TRUE : (Shape : Rect; { Node }
kind : ToolType):
FALSE: (nodel : Integer; { Edge )}
node2 : Integer);
end;
var
fileMenu H MenuHandle;
doneFlag : Boolean; { Becomes true when Quit is chosen }
theEvent H EventRecord;
currTool : ToolTIype; { Type of tool that is current }
NodeList : NodeHndl; { Handle to list of nodes |}
EdgeList H EdgeHndl; { Handle to 1list of edges }
fname H String; { Hold filename on disk of current
diagranm }
EdgeSet H array [l ..MaxEdges] of EdgeHndl;
Tools H array [RectTool..LineTooll of Rect;

{-———- )
{ Draws a line from point pl to point p2}
{ ——
procedure Line(pl, p2 : Point);
begin
MoveTo(pl.h, pl.v);
LineTo(p2.h, p2.v);
end;
} -=--}
{ Erases a line from point pl to point p2}
{ _—
procedure EraseLine(pl, p2 : Point);
begin
PenMode(patXor);
Line(pl, p2):
Line(pl,pl);
end;

{ -——==}

{ Wait for screen to do vertical refresh in |}
{ order to minimize flicker during animation }
{ -——=)}

procedure WaitRefresh;

var
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tickValue : LongInt;
begin
tickValue := TickCount;
~repeat until (tickValue <> TickCount)
end;
{ }
{ Draw the shape specified by tempRect and kind}
{ }
procedure DrawShape(tempRect : Rect; kind : ToolTIype);

begin
WaitRefresh;
case kind of
RectTool : FrameRect(tempRect);
OvalTool : FrameOval(tempRect);
RndRectTool : FrameRoundRect(tempRect,15,15);
LineTool ¢ Line(tempRect.topLeft, tempRect.botRight)
end

end;

{ }
{ Draw the node specified by theNode}
{ }
procedure DrawNode( theNode : NodeHndl);
begin

DrawShape(theNode””.Shape, theNode““.kind);
end;

{ }

{ Returns a handle to region corresponding to theNode}
{ }

function Node2Rgn(theNode : NodeHndl) : RgnHandle;

var

tempRgn : RgnHandle;
begin
tempRgn := NewRgn;
OpenRgn;
DrawNode(theNode);

CloseRgn(tempRgn);
Node2Rgn := tempRgn
end;
{ }
{ If the point loc is inside a node then WhichNode)
{ returns the address of the node otherwise it}
{ returns NIL}
{ -=1
function WhichNode(var loc : Point) : NodeHndl;
var

CurrNode : NodeHndl;
tempRgn : RgnHandle;
begin

CurrNode := NodeList;
WhichNode := NIL;
while CurrNode <> NIL do
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begin
tempRgn := Node2Rgn(CurrNode):
if PtInRect(loc, CurrNode““.Shape) then
begin
WhichNode := CurrNode;
CurrNode := NIL

end

else
CurrNode := CurrNode””.link;
DisposeRgn(tempRgn)

end
end;
{ }
{ Draw the edge specified by theEdge!
R et LD L DL Dt }
procedure DrawEdge(theEdge : EdgeHndl);
var
pl, p2 : Point;
tempRgn,
holdRgn : RgnHandle;
{ }
{ Returns the point that is the center of the region}
{ specified by theRgn}
{

- -)

procedure centerRect(theRect : Rect; var p : Point);
begin
with theRect do

begin
p.v := (top + bottom) div 2;
p-h := (left + right) div 2
end
end;
begin
tenpRgn := NewRgn; { Allocate new clip region!
holdRgn := NewRgn; { Space to hold o0ld clip region }
GetClip(holdRgn); { Get the current clip region}
OpenRgn; { Create new clip region that}
PrameRect(holdRgn**.rgnBBox); {(entire drawing window excluding}
DrawNode(theEBdge”“.nodel); { the nodes that make up the end }
DrawNode(theEdge””.noded); { points of the edge}
CloseRgn(tempRgn);
SetClip(tempRgn); { Make the new clip region current}

{ Draw the edge from the center of one node to the center of the
other )
centerRect(theBdge**.nodel”**.Shape, pl);
centerRect(theBdge””.node2"".Shape, p2);
Line(pl, p2):

SetClip(holdRgn); { Restore the original clip region }
DisposeRgn(tempRgn); { Get rid of the temporary regions |}
DisposeRgn(holdRgn)

end;

{==== }
{ BErase the edge specified by theEdgel
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{ ]
procedure EraseEdge(theEdge : EdgeHndl);

var
pl, p2 : Point;
‘begin
PenMode(patXor);
DrawEdge(theEdge)
end;

{ }

{ Allows user to create a node or edge by!}

{ dragging the mouse. When the user releases the}
{ button the node or edge is added to the node}

{ or edge 1list}

{ -—=}

procedure CreateNode;

var
tempRect H Rect;
startp,
currP : Point;

{ }
{ Add a new node to the node 1list}
{ }
procedure AddNewNode;
var
NewNode : NodeHndl;
begin
{ Create a new node and make it first node in NodeList |}
NewNode := NodeHndl(NewHandle(sizeof(Node))):;
NewNode”**.link := Nodelist;
NodeList := NewNode;
NewNode**.kind := currTool;
NewNode”““.Shape := tempRect
end;
{ e D P L L L et }

{ Add a new edge to the edge list}
{ -— - -==}
procedure AddNewEdge;
var
NewEdge : EdgeHndl;
begin
NewEdge := BdgeHndl(NewHandle(sizeof(Edge))):
NewEdge”*.nodel := WhichNode(startP);
NewEdge”~.node2 := WhichNode(currcP);
if (NewBdge“”“.nodel <> NIL) and (NewBdge”“.node2 <> NIL) then
begin
BraseLine(startP, currP);
NewBdge””.link := BdgeList;
EdgeList := NewEdge;
DrawEdge(NewEdge)
end
else
begin
DisposHandle(Handle(NewEdge));
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EraseLine(startP, currP)
end
end;
begin [ CreateNode ——-—=—-—--=-- }
PenMode(patXor);
GetMouse(startP);
currP := startP;
Pt2Rect(startP, startP, tempRect);
while Button do
begin
DrawShape(tempRect, currTool);
GetMouse(currP);
if currTool = LineTool then
SetRect( tempRect, startP.h, startP.v, currP.h, currP.v)
else
Pt2Rect(startP, currP, tempRect);
DrawShape(tempRect, currTool)

end;
if (currTool >= RectTool) and (currTool <=RndRectTool) then
AddNewNode
else if currTool = LineTool then
AddNewEdge
end; {----=--—=-- CreateNode --~--==—-—=== }

{ - -==}
{ Draw all edges in the edge set}
{ - -=}
procedure DrawEdgeSet;
var
count H Integer;
begin
count := 0;
while EdgeSet(count] <> NIL do
begin
DrawEdge(EdgeSet)[count];
count := count + 1
end
end;
[ e LD e L }

R e L DL L e e }
procedure EraseEdgeSet;
var
count H Integer;
begin
count := 0;
while BdgeSetl[count] <> NIL do
begin
EraseEdge(EdgeSetlcountl);
count := count + 1
end
end;
{- }
{ Returns True if theNode overlaps another node}
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{ }
function Collision(theNode : NodeHndl) : Boolean;

var
CurrNode : NodeHndl;
tenpRgn H RgnHandle;
function Overlap(nodel, node2 : NodeHndl) : Boolean;
var
rl, r2, tempRgn : RgnHandle;
begin

rl := Node2Rgn(nodel);
r2 := Node2Rgn(noded);
tenpRgn := NewRgn;
SectRgn(rl, r2, tempRgn);
Overlap := not EmptyRgn(tempRgn);
DisposeRgn(rl);
DisposeRgn(r2);
DisposeRgn(tempRgn)
end;
begin
CurrNode := NodeList;
Collision := PALSE;
while CurrNode <> NIL do
begin
if CurrNode = theNode then
CurrNode := CurrNode”*.link
else
if Overlap(CurrKode, theNode) then
begin
Collision := TRUE;
CurrNode := NIL
end
else
CurrNode := CurrNode””.link
end
end;
{ }
{ Allows the user to move the node around the screen. If the user
moves }
{ the node on top of another node then put it back into its old }
{location. After the node has been moved erase the edges that }
{connected to the node at its o0ld location and redraw at the new )}
{ location}
{ }
procedure MoveNode(var theNode : NodeHndl);

var
oldLoc,
newLoc H Point;
tenpRect H Rect;
tenmp H Rect;
begin
tenpRect := theNode””.Shape;
PenMode(PatXor);

GetMouse(oldLoc);
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while Button do
begin
GetMouse(newLoc);
DrawNode(theNode);
DrawNode(theNode);
OffsetRect(theNode”".Shape, newLoc.H - oldLoc.H, newLoc.V
oldLoc.V);
oldLoc := newLoc
end;
if Collision(theNode) then
theNode”*”.Shape := tempRect
else
begin
CollectEdges(theNode);
temp := theNode.””.Shape;
theNode**.Shape := tempRect;
BEraseBdgeSet;
DrawNode(theNode);
theNode”*.Shape := tenmp;
DrawEdgeSet;
DrawNode(theNode)
end
end;
{ }
{ Create the menu bar}
{ }
procedure SetUpMenus;

var
i H Integer;
appleTitle : Stringll];

begin
InitMenus; { Initialize the Menu Manager }

fileMenu := NewMenu(fileM,'File');
AppendMenu(FPileMenu, 'Print;Load;Save; (~;Quit');
InsertMenu(FileMenu,0);
DrawMenuBar;

end;

{ }

{ Make rect opposite color}

{

procedure flipRect(theRect : Rect):

begin
InsetRect(theRect,2,2);
InvertRect(theRect)

end;

{ }

{ Make no tool current}

{ }

procedure UnSelectTool;

begin
if currTool <> NoTool then

flipRect(ToolslcurrTooll);

currTool := NoTool
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end;
{ }
{ Make theTool the current tool}
{ }
procedure SelectTool(theTool : ToolType);
begin
UnSelectTool;
currTool := theTool;
flipRect(Toolsl[currTooll)
end;
{ }
{ Print the diagram on the printer)
{ -=}
frocedure DoPrint;
var
hPrint THPrint;
thePPort: TPPrPort;
prStatus: TPrStatus;
begin
PrOpen;
hPrint := THPrint(NewHandle(sizeof(TPrint)));
PrintDefault(hPrint);
if PrJdobDialog(hPrint) then { Allow the user to choose printer
options )
begin
thePPort := PrOpenDoc(hPrint, NIL, NIL);
PrOpenPage(thePPort,NIL);
DrawAll;
PrClosePage(thePPort);
PrCloseDoc(thePPort);
PrPicPile(hPrint, NIL, NIL, NIL, prStatus)
end;
DisposHandle(Handle(hPrint));
PrClose
end;
{ - --}
{ Save the diagram to a disk file |}

procedure DoSave;

var
Save H File of SaveRec;
SaveBuf H SaveRec;
CurrEdge H EdgeHndl;
CurrNode H NodeHndl;

{ }

{ Allows the user to choose a filename }
{ for the file. Presents fname as a)

{ default choice}

procedure NewFileName(var fname : String);
var

reply : SFReply;
where : Point;
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typelist : SFIypeList;
begin
where.h := bO; where.v := 50;
SPPutFile(where, 'Save Document as:',fname,NIL,reply);
fname := reply.fnanme
end;
{ }
{ Returns the node number of the nodel
{ pointed to by theHandle}
{ }
function HndlZ2Num(theHandle : NodeHndl) : Integer;
var
NodeCount H Integer;
begin
NodeCount := 0;
CurrNode := Nodelist;
while CurrNode <> NIL do
begin

if CurrNode = theHandle then
CurrNode := NIL

else
begin

CurrNode := CurrNode*“.link;
NodeCount := NodeCount + 1
end
end;
Hndl2Num := NodeCount
end;
begin
NewFileNane(fnanme);
rewrite(Save, fnane);
CurrNode := Nodelist;
while CurrNode <> NIL do
begin
SaveBuf.tag := TRUE;
SaveBuf.Shape := CurrNode””“.Shape;
SaveBuf.kind := CurrNode*”.kind;
Write(Save, SaveBuf);
CurrNode := CurrNode””“.link
end;
CurrEdge := Edgelist;
while CurrEdge <> NIL do
begin
SaveBuf.tag := FALSE;
SaveBuf.nodel := Hndl2Num(CurrEdge””“.nodel);
SaveBuf.node2 := HndleNum(CurrEdge””.node2);
Write(Save, SaveBuf);
CurrBdge := CurrEdge”*.link
end;
close(Save)
end;
{ }
{ Save the diagram to a disk file.)
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{ }
procedure DoLoad;

var
Save H Pile of SaveRec;
SaveBuf : SaveRec;
CurrNode H NodeHndl;
NewNode H NodeHndl;
NewBdge H EdgeHndl;

{ }

{ Allows the user to choose a filename from }
{ the files that are on a disk}

{ }

procedure OldFileName(var fname : String);

var
reply : SFReply;
where : Point;
typelList : SPTypeList;
begin

where.h := bL0O; where.v := 50;
SPGetFile(where,'',NIL,-),typelList, NIL,reply);
fname := reply.fname
end;
{ -==} :
{ Returns a handle to the node that has the }
{ nunber specified by theNunm!}
{ }
function Num2Handle(theNum : Integer) : NodeHndl;
var
NodeCount : Integer;
begin
Num2Handle := NIL;
NodeCount := 0;
CurrNode := NodeList;
while CurrNode <> NIL do
begin
if NodeCount = theNum then
begin
Nun2Handle := CurrNode;
CurrNode := NIL
end
else
begin
CurrNode :CrrNoe\.link Nodecount := NodeCount + 1
end
end
end;
begin
OldFileName(fname);
NodeList := NIL;
CurrNode := NIL;
BEdgeList := NIL;
($I-)
reset(Save, fname);
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while not eof(Save) do
begin
read(Save, SaveBuf);
if SaveBuf.tag then
begin
NewNode := NodeHndl(NewHandle(sizeof(Node)));
NewNode””~.1link := NIL;
NewNode””.kind := SaveBuf.kind;
NewNode**.Shape := SaveBuf.Shape;
if NodeList = NIL then
NodeList := NewNode
else
CurrNode””.1link := NewNode;
CurrNode := NewNode
end
else
begin
NewEdge := EdgeHndl(NewHandle(sizeof(Edge))):
NewEdge”““.nodel := NumZHandle(SaveBuf.nodel);
NewBdge””.node2 := Num2Handle(SaveBuf.node2);
NewEdge””.link := Edgelist;
BEdgeList := NewEdge;
end
end;
close(Save)
{$I+}
end;
{ }
{ Do the action specified by theltem from the file menu }
{ }
procedure DoFileMenu(theItem : Integer);
var
myPort GrafPtr;
begin
case theItem of
quitIten: doneFlag := TRUE;
loadIten: DoLoad;
savelten: DoSave;
printItenm:
begin
UnSelectTool;
GetPort(myPort);
DoPrint;
SetPort(myPort)
end;
end;
Drawidll;
DrawPallete
end;
{ }
{ User click in the menu Bar take appropriate action }
{ }
procedure DoCommand(mResult: LONGINT);
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var

thelten: Integer;

theMenu: Integer;
begin

theItem := LoWord(mResult); { Which item in the menu }

theMenu := HiWord(mResult); { Which menu }

case theMenu of

fileM:
DoFileMenu(theIten);

end;

HiliteMenu(O) { Turn off highlighting in the Menu Bar |}
end;

{ }
{ Check to see if user clicked in one of |}
{ of Toolboxes. If so, set currTool. }
{ Returns True if user click in Toolbox }
{ }
function WhichTool(location : Point) : Boolean;
var
i H ToolIype;
begin
WhichTool := FALSE;
for i := RectTool to LineTool do { For every tool }
if PtInRect(location, Tools[il) then ({check if it is selected)
begin
WhichTool := TRUE; { A tool was selected )}
if currTool <> i then { If click not in current tool }
SelectTool(i) { select the tool }
else { Click in tool already selected)
UnSelectTool; { then unselect it }

end
end;
{ }
{ Click in the drawing window and take appropriate action }
{ }
procedure HandleClick(whichWindow : WindowPtr; location : Point);
var

tenpNode : NodeHndl;
begin
GlobalToLocal(location);
if not WhichTool(location) then { If clicked in the palette set

the tool }
if currTool <> NoTool then
CreateNode { Tool selected create node or edge }
else
begin

tempRode := WhichNode(location); ( Check if click in node }
if tempNode <> NIL then
MoveNode(tempNode) { Move the node |}
end
end;
{ }
. { Do the appropriate thing for each event }
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{ }
procedure HandleEvent(theEvent : EventRecord);
var
whichWindow : WindowPtr;
begin
if theEvent.what = nouseDown then
case FindWindow(theEvent.where, whichWindow) of

inSysWindow : { Click outside window }
SystemClick(theEvent, whichWindow);
inMenuBar : { Click in menu bar }
DoCommand(MenuSelect(theBvent.where));
inContent H { Click in the window )}
HandleClick(whichWindow, theEvent.where)
end

end;

{ }

{ Initialize location of tools in the palette }
{ }

procedure InitTools;

var
i : ToolType;
tenpRect: Rect;
begin

SetRect(tempRect, 2,5,38,40);
for 1 := RectTool to LineTool do
begin
Tools[i] := tempRect;
OffsetRect(tempRect,0,34);
end;
currTool := NoTool
end;
{ }
{ Do all initialization for program including Toolbox stuff }
{ }
procedure Initialize;
begin
SetUpMenus; { Set up the menu structure )}
InitTools; { Set up tool palette }
BdgeList := NIL; { No nodes or edges to start }
NodeList := NIL;
DrawPallete;
doneFlag := false; { Not done with program yet}
fname := '';
end;
begin {~~- Main program ---}
Initialize;
repeat
if GetNextEvent(everyEvent, theEvent) then
HandleEvent(theEvent);
until doneFlag
end. {--- Main program ---}
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Dq More

TurboDraw is a very complete and functional application, but like
all programs more can always be added. Here are some suggestions for
additions to TurboDraw:

1. Add the ability of writing text to the TurboDraw screen.

2. Add the ability to delete nodes and edges from a diagram.

3. Add the ability to do free-style drawing as well as structured
drawing.

4. Add the ability to resize nodes after they are drawn.
5. Add the ability to connect nodes using arcs as well as lines.

6. Add the ability to add multisegment lines to connect nodes.
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Table A-1. Turbo Pascal Reserved Words

and goto record
array if repeat
begin in set
case label string
const mod then
div nil to

do nout type
downto of until
else or uses
end otherwise var
file procedure while
for program with
function

SINGLE CHARACTER SPECIAL SYMBOLS
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APPENDIX B

Turbo Pascal Menu Summary

FILE MENU

The file menu contains options to save programs to the disk, restore
programs from the disk, and print programs.

New

Opens a new window to allow you to start entering a new program.

Open

Displays a dialog box that allows you to recall a program already
stored on the disk. A program residing on a different disk can be re-
called by ejecting the current disk and inserting the new disk into the
drive. A program is opened by double clicking on its name or by select-
ing the name and then clicking on the Open button. This is disabled if
eight windows are already open.

Close

Closes the current editing window and erases its contents. If you

350
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haven’t saved the program, you will be given a chance to do so. Dis-
abled if no windows are open.

Save
Saves your program on the disk under the name it has been previ-
ously given ( the name that appears on the top of the program win-

dow). If a program is new (named Untitled), a dialog box first asks for
a name.

Save As . ..
Saves a new program with a name or saves an already named pro-
gram with a new name. It also allows you to eject the disk in the disk

drive or look at another drive so that you can save the program on a
different disk.

Page Setup
Lets you select the size paper you are going to use in the printer

with the standard page-setup dialog box. All settings are erased upon
exiting Turbo.

Print. ..

Displays the standard print dialog box for the printer you are using.

Edit Transfer

Allows you to edit the list of programs found in the Transfer menu.
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Quit

Closes all open editing windows and returns you to the Macintosh
Desktop.

EDIT MENU

The Edit menu contains options that allow you to make changes to
the text of your program.

Undo

Undoes the last editing changes you have made. You can also redo
an undo. A handy little menu item!

Cut
Cuts any selected text out of your program and places it into the

Clipboard. The Clipboard is a temporary storage area that allows you
to pass information between programs.

Copy

Does the same thing as Cut, except it does not remove the selected
text from the current program.

Paste

Inserts a copy of the Clipboard at the insertion point in your pro-
gram or replaces the selected text with it.
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Clear

Erases any selected text.

Shift Left

Shifts all the currently selected text one space to the left. Helpful in
realigning text.

Shift Right

Shifts all the currently selected text one space to the right. Helpful
in realigning text.

Options

Presents three options to customize your Turbo work environment.
Tab Width sets the tabulator width between 1 and 8. The Auto Indent
check box is used to set whether the auto indent is used while editing.
The Startup Window check box is used to set whether an Untitled
window comes up at the start of each session. None of the settings are
saved upon exiting Turbo unless “Save Defaults” from the File menu
is used.

SEARCH MENU

The Search menu contains options to easily locate and change text
in the program window.

Find (Command-F)

Opens a dialog box that lets you enter a string to be searched for
through the text of the active editing window. Searching starts at the
current cursor position and proceeds downward.
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Find Next (Command-D)

Starts to search for the next occurrence of the string entered via the
Find or Change options.

Change (Command-A)
Similar to Find except that a string to replace the one found can also

be entered. Each replacement of the string is verified with a dialog
box.

Home Cursor (Command-H)

Moves the cursor to the top of the editing window currently active.
This is the quickest way to jump back to the top of your program.

Window (Command-W)

Cycles through all the open editing windows.

Format Menu
The Format menu is used to customize the appearance of the text in

the editing windows. It is broken into two main sections dealing with
window layout and text size.

Stack Windows

Used to stack all open windows one behind the other with only the
title bar of the inactive windows showing.
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Tile Windows

Organizes all open windows into tiles so that all can show on the
screen at once.

Zoom Window
Expands the active window so that it takes up most of the screen. If

the window is already full size, it is shrunk back down. Also the name
of a moderately successful band in the 1960s.

Text Size 9,10,12,14,18, and 24 Points
Used to set the text character size in the active window. All charac-

ters in a window must be the same size, but different windows can
have different text sizes.

THE FONT MENU

Used to select the font of the text in the active window. Different
windows can use different fonts, but all the text of a window must be
the same font. The font names displayed will be dependent upon
which are installed in the system folder you are using.

The Run Menu

The Run menu allows you to select different options for executing
your program.

THE COMPILE MENU

The Compile Menu contains options to compile and run your pro-
grams
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Run

Executes the program in the active window, compiling it to memory
if necessary.

To Memory
Compiles the program in the active window to a file held in the

Mac’s memory. The file is erased if any editing is performed on the
program.

To Disk

Compiles the program in the active window to a file on disk, produc-
ing a double-clickable application with the same name as the window.

Check Syntax
Parses a program checking its syntax. It is a good idea while writing

a long program to use this option from time to time to remove syntax
errors as you go.

Find Error

Positions the cursor at the statement in a program that caused the
last run-time error.
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Get Info

Displays some information about the size of the current program.

Options

Allows the programmer to set certain options for the compiler.
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Compiler Error Messages

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

‘> expected

‘.’ expected

¢, expected

‘(’ .expected

‘)’ expected

‘=> expected

‘.=’ expected

‘[’ expected

‘1’ expected

‘.’ expected

‘.. expected

Begin expected

Do expected

End expected

Of expected

Interface expected

Then expected

To or downto expected
Implementation expected
Boolean expression expected
File variable expected

Integer constant expected
Integer expression expected
Integer variable expected
Integer or real constant expected
Integer or real expression expected
Integer or real variable expected
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
51
52
53
54
55
56
57
58
59
60
62
63
64
65
66
67
68
70

Pointer variable expected

Record variable expected

Ordinal type expected

Ordinal expression expected

String constant expected

String expression expected

String variable expected

Identifier expected

Type identifier expected

Field identifier expected

Constant expected

Variable expected

Undefined label

Unknown identifier

Undefined type in pointer definition
Duplicate identifier

Type mismatch

Constant out of range

Constant and case types do not match
Operand types do not match operator
Invalid result type

Invalid string length

Invalid subrange base type

Lower bound greater than upper bound
Invalid for control variable

Illegal assignment

String constant exceeds line

Error in integer constant

Error in real constant

Division by zero

Structure too large

Constants are not allowed here
Invalid type cast argument

Invalid ‘@’ argument

Label defined already

Invalid file type

Cannot read or write variable of this type
Files must be var parameters

File components may not be files

Set base type out of range
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71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

Invalid goto

Label not within current block
Undefined forward procedure(s)
Program or unit expected

Error in type

Error in statement

Error in expression

Invalid external definition
Invalid external reference

Too many symbols

Too many nested scopes

Driver header not found

Too many variables

Expression too complicated
Segment too large

Unit not found

Duplicate or invalid unit number
Unit missing

Incomplete unit versions
Syntax error

Unexpected end of text

Line too long

Invalid compiler directive
Target address found in unit
Undefined external procedue(s)
Object file format error
Run-time support unit missing
Target address not found

Not enough memory
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IOResult Codes

The following are the codes that will be returned by a call to the
IOResult function when an error occurs:

-33  Directory file full

-34  All allocation blocks on the volume are full

=35 Specified volume doesn’t exist

-36 Disk I/0 error

—-37 Bad filename or volume name (perhaps zero length)
—-38 File not open

-39 Logical end of file reached during read operation
-40 Attempt to position before start of file

=41  System heap full

—-42  Too many files open

-43  Volume not found

-44  Volume is locked by a hardware setting

—-45  File is locked

-46  Volume is locked by a software flag

-47  One or more file open

—-48 A file with the specified name already exists

—49  Only one access path to a file can allow writing
=50 No default volume

-51 Bad file reference number

=53  Volume not online

-54 Read/write permission doesn’t allow writing

—55 Specified volume number is already mounted and online
=56 No such drive number

=57  Volume lacks Macintosh-format directory
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-58
=59
-60
-61
-108
=120
=121
=122
-123
-127
-128
-129
-130

External file system error

Problems during Rename

Master directory block is bad; must reinitialize volume
Read/write permission doesn’t allow writing

Not enough room in heap zone

Directory not found

Too many working directories open

Attempted to move into offspring

Attempt to do HFS operation on non-HFS file
Internal file system error

Text file not open for input

Text file not open for output

Error in numeric value during read from text file
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Documenting a Program

The following program is presented for the purpose of providing a
model for documenting a program. This particular program is only an
example and should not be taken as the only way to document a pro-
gram. The amount and detail of documentation that you should use in
your program will depend on your application, its length, and its com-
plexity.

Listing E-1. Program That Documents Progranms.

program GradeBook;

(0"}.{".".*!'l'.OQ.Q!Ql‘!l*Olliﬂlii{.’&...i’lll!ll!!i)

{+
{»
{»
{+
[
{+
{»
{»
{+
{»
{‘
{»
(.
(.

Created 1/7/87 Programmer: M. Alan Zeldin *}
*}
+}

Punctional Description: +}

GradeBook maintains a file containing student *)

names and grades. Weighted averages are computed +}
when student information is displayed. Students +)
can be added or deleted from the file and student ]

grade information can be modified. +}
*

)

Inplementation Description: +}
Information is maintained in a file of records *)

that contain data about each student. To find any +}
specific record, a sequential search of the file ]}

{+ 1s performed. 3
{» +)
{+ Inplementation Restrictions (bugs): +}
{+ Only the first student in the file with a given +)
{+ name is accessible to the user. +}
{ *}
lIh.li!{iQ!.ll'l!!i!liliil!!{&QQ‘Q'D'Q!'QO"..‘I‘l'l.&&l}
uses
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MenTypes, QuickDraw, ToolIntF, OSIntF
const
FileName 'STUDENTS'; { Name of file students are stored in }
PileSize = 50;
NumberExams = b;
Enpty = ''; { Null string in LastName marks free record |}
type
Grades = arrayl[l..NunberExams] of integer;
NameType = string[15];
StudentIype = record
LastNane : NameType;
PirstName : NameType;
Exan : Grades;
end;
var
Choice : char;
{ Weight of each exam in average |
Weight : arrayl(l..NunberExamsl] of real;
Student : file of StudentIype;
Pirst, Last : NameType; { Name of current student }
Location : integer; { Current location in student file }

[}

procedure Menu;
[.l.III.I!QQI!I...OQ!!I..Oli!ll!’l..l.iill.l.lll.il!lIi'i.i‘!'l
{+ Displays all the program's functions and pronmpts the +)
{+ user to choose the desired function. If an invalid +}
{+ choice is nade the computer beeps and waits for a ]
{+ a valid choice *}
‘ll'llil..li!'ili'.lli.'ll..ll.ll....i.iii!.lil!ll"iiil.l..ll‘
begin { Menu }

ClearScreen;

Writeln('l. Modify a Student');

Writeln('2. Add a Student');

Writeln('3. Delete a Student');

Writeln('0. Quit');

Writeln;

Write('Please Choose >');

Read(Choice);

while not (Choice in ['0'..'4']) do

begin { Not a valid choice }

SysBeep(5);
Read(Choice)
end
end; { Menu |}

procedure InitFPile;

‘G!il.lll.nlIillllllll.l.QQQlill.l'il!ll"'.".l..i‘lii.il!l)
{+ Open student file if it exists else create the file »}
‘Oi!i.i.ll.i...ll..l.l.ll"lGOll!.Ill.l....lll."!l!!ililI.I}
var
Count, Index : integer;
begin { InitFile |}
Open(Student, FileNane);



if BOF(Student) then { File doesn't exist }

begin
{ Write PileSize empty records into the file }
for Count := 0 to FileSize do
begin
Seek(Student, count);
Read(Student,StudentRec)
{ Initialize all records in file to be empty |
with StudentRec do
begin
PirstNane := Enmpty;
LastName := Empty:;
for Index := ) to NumberExams do
Exam[Index] := 0
end;
Write(Student,StudentRec)
end;
Close(Student);
Reset(Student, FileNanme)
end
end; { InitFile |}

procedure SetWeights;

begin
Weight{2] := 0.15; { 15% of grade )
Weight(2] := D0.15; { 15% of grade }
Weight(3] := D0.20; { 20% of grade )}
Weight[4] := 0.15; { 15% of grade |
Weight[5] := 0.15; { 15% of grade )}
Weight[b]l := 0.20 { 20% of grade |}

end; ( SetWeights |}

procedure GetNane;

(.l.lll.lllllllllllllllllllil!llllllllll!llilll l)
{+ Pronpt user to enter name of a student *}
"Q!..!"..O'.Q'.O..Qlll.llilil!ll.ll&il!l.l!!l .)
begin { GetName }

Write('Enter Last Name >');

Readln(Last);

Write('Enter First Name >');

Readln(First)

end; ( GetName |}

function FindStudent (First, Last : NameType;
var Count : integer) : Boolean;

("Ql'!ii'...l.i'.'!.il!.llllll!..lIlillll"..llll.'.OOQGCQ.Q)
{» Returns True if the name is found in the file
{» Returns False if the name is not found. If the nanme #}
{+» was found Count contains its position in the file

T

var
Found : Boolean;
begin { FPindStudent )}
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Count := O;
Found := false;
Seek(Student, Count);
Read(Student, StudentRec);
{ Sequential search of file for matching nanme }
while (not eof(Student)) and (not Found) do
begin
with StudentRec do
if (PirstName = First) and (LastName = Last) then
Found := True
else
begin
Count := Count + 1;
Seek(Student, Count);
Read(Student,StudentRec);
end
end;
if not found then
begin
Writeln(First, ' ', Last, ' was not found. ');
Writeln('Press <Return> to continue.');
Readln
end;
FindStudent := Found
end; { FindStudent }

procedure DisplayStudentInfo;
['l!!l!}{i!!l.ll!'!'}i}Oil!l{iii!’}}illl’!Q’i‘.il}i'iii"'ilil!’
{+» Display the contents of the current student record *)
{+ which is contained in Student”. Calculate the average «}
(IlﬂlIlI!"'QO"'IIIOD’QI*QI!"l!.!I!.i!iiliil’.”"...l&ll’}.d)
var
Index : integer;
Average : real;
begin { DisplayStudentInfo }
with StudentRec do
begin
ClearScreen;
Writeln(' Last Nane
Writeln(' First Nane
Writeln;

', LastNane);
', PirstNanme);

o oo

Writeln('l. Exanl : ', Exam[l]);
Writeln('2. Exane ¢ ', Bxanmn[2]);
Writeln('3. Final : ', Exan(31]);
Writeln('4. Projectl: ', Exam[4]);
Writeln('S. Project2: ', Exan(51);
Writeln('t. Project3: ', Exan[bl);

Average := 0O;
for Index := 1 to NumberExanms do
Average := Average + (Weight(Index] + Exam[Index]);
Writeln(' Average : ', round(Average))
end
end; { DisplayStudentInfo |}



procedure Modify (Location : integer);
(lll&lilillll!illl.i'{".!ll’.i!!{!l..iii..i..i'l."".l&l}
{+ Allows user to modify exam grades of the current )
{+ student *}
(liIl0I&G0!0'!!&.'6"""!‘.!’0{0’.0!!'0'05.!""!‘.}“}!}"
var
Choice : char;
Value : integer;
begin { Modify )}
Seek(Student, Location);
Read(Student, StudentRec);
repeat
DisplayStudentInfo;
Writeln;
Write('Enter Line to Change or O to Quit > ');
Read(Choice);
while not (Choice in ['O' . . 'b']) do
begin { Not a valid Choice |
SysBeep(5);
Read(Choice)
end;
Writeln;
if Choice <> '0' then
begin
Write('Enter value > ');
Readln(Value);
{ Convert choice into equiv integer for use as index }
StudentRec.BExamlord(Choice) - ord('0')] := Value;
end;
until Choice = '0';
Write(Student,StudentRec)
end; ( Modify )}

procedure AddStudent (First, Last : NameType);
(Ql{l.lh&.&.’liIl’{i.'lGli!'}llill.l.l..l.i!ii.i'}l'l}{i{!{i&l)
{+ Adds the student whose name is passed in to the file +}
(lili.ll&.’."iiilfi'ilii§!§{!Q§Iil!l.l.lOiil'!i.tiiiii‘illili)
var
Added Boolean;
Count integer;
begin { AddStudent }
{ Look for a record with no last name }
Rdded := false;
Count := 0;
Seek(Student, Count);
Read(Student, StudentRec);
{ Sequential search of file for free record |}
while (not eof(Student)) and (not Added) do
if StudentRec.LastName = Empty then
begin { Found an empty spot |}
Seek(Student, Count);
StudentRec.LastNanme := Last;
StudentRec.FirstName := First;
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Write(Student, StudentRec);
Added := True
end
else
begin { Look at next spot }
Count := Count + 1;
Seek(Student, Count);
Read(Student, StudentRec)
end;
if not Added then
Writeln('File is full, Press <Return> to continue!')
end; ( AddStudent }

procedure Delete (Location : integer);

(Qlii..Innluuniiiln‘lillnll‘l'.ll"l..nll.lQQ!"'!!Q.}}‘}.!OQ‘&Q)

{« Deletes the student at the place in the file specified +}

{+ by Location by putting an empty string into that +}

{+ record. The user is asked to verify the deletion *}

{‘Ililll!l""'!.lllll."l.OCQIl.illlll..IIIII'llli!li{!!"{llil}
var

Which : char;
begin ( Delete }
Seek(Student, Location);
Read(Student, StudentRec);
with StudentRec do
Writeln(PirstName, ' ', LastNanme);
Write(' Delete (Y/N) > ');
Read(Which);
if (Which = 'Y') or (Which = 'y') then
begin
Seek(Student, Location);
Read(Student, StudentRec);
StudentRec.LastName := Empty;
StudentRec.PirstName := Empty;
Write(Student, StudentRec);
end
end; ( Delete }

begin { GradeBook )}
InitPile; { Pile doesn't already exist, create it }
SetWeights;
repeat
Menu; { Show the choices }
case Choice of
g
; ( Do nothing }
LA { Modify a student }
begin
ClearScreen;
GetName;
if PindStudent(First, Last, Location) then
Modify(Location)
end;
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LE-L I { Add a student }
begin
ClearScreen;
GetNane;
RddStudent(First, Last)
end;
30 { Delete a student }
begin
ClearScreen;
GetNane;
if PindStudent(Pirst, Last, Location) then
Delete(Location)
end
end { case }
until Choice = '0°';
Close(Student)
end. ( GradeBook }



APPENDIX F

Differences Between Turbo
Pascal and Macintosh Pascal

Many programmers may switch from Macintosh Pascal to Turbo Pas-
cal. This appendix notes their differences.

IMPLEMENTATION

The major difference between the two Pascals is in the way they are
implemented. Macintosh Pascal is implemented via an interpreter
reminiscent of interpreted BASIC. All program editing and execution
is performed by the MacPascal interpreter. Once interpreted, a pro-
gram written in Macintosh Pascal needs to be run in the Macintosh
Pascal environment or with the aid of a run-time application. The ma-
jor drawback of this is that Macintosh Pascal programs execute slowly,
and it is not possible to develop a double-clickable application or a
desk accessory, as is possible in Turbo. There is one advantage to
working with Macintosh Pascal, and that is the superior debugging
tools available in that language. Although Turbo is a compiler lan-
guage, its environment provides many of the advantages of an inter-
preted system by presenting a unified environment where it is easy to
jump from editor to compiler to application and back.

DATA TYPES

Both Pascals implement data types via the Mac’s SANE package and
thus are the same.
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STRINGS

String handling is virtually the same in both systems. All the stan-
dard functions and procedures are the same. Macintosh Pascal has
added two string procedures, Include and Omit. Macintosh Pascal does
not support turning off range checking or any other Turbo compiler
switch.

USER-DEFINED TYPES

Macintosh Pascal allows the reading and writing of the values of a
user-defined type. Turbo Pascal permits only the Ords of user-defined
values to be read or written.

FILES

There are significant differences in file handling between the two
systems. Macintosh Pascal tries to implement file handling more con-
sistent with the original Pascal definition, while Turbo varies from this
standard in order to make file handling more consistent with other
input/output operations. In Macintosh Pascal, there is a sharp distinc-
tion between sequential and random files. A sequential file can be
open only to read or write, and no mixed operations are allowed.
Turbo allows for mixed operations on either sequential or random
files. Additionally, Turbo does away with the confusing and anti-
quated Get and Put procedures and the use of the file pointer. Instead,
Turbo extends Read and Write to include all files. Here is a rundown
on the differences in the file handling procedures.

Reset—Used in Macintosh Pascal to open a sequential file for
read only. In Turbo it opens an existing file or rewinds an open
file.

Rewrite—Used in MacPascal to open a sequential file for write
only. In Turbo it creates and opens an existing file or erases an
open file.
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Open—Used in Macintosh Pascal to open a random file. Does not
exist in Turbo.

Close—Same in both.

Seek—In Macintosh Pascal, Seek can only be used with a file
opened for random access and automatically performs a Get. In
Turbo, Seek only positions the file.

Get—Replaced by Read in Turbo.

Put—Replaced by Write in Turbo.

ADDITIONAL ROUTINES

Turbo implements additional functions and procedures not avail-
able in Macintosh Pascal (Table F-1).

Table F-1. Functions and Procedures Not Available in Macintosh

Pascal
Exit Int ClearScreen Lo Halt
ClearEOL MoveLeft Swap MemAuvail DeleteLine
MoveRight HiWord MaxAvail InsertLine FillChar
LoWord Ord4 GoToXY ScanEQ SwapWord
Float Pointer KeyPressed ScanNE ReadChar

Hi




APPENDIX G

Turbo Pascal Syntax
Diagrams

ARGUMENT LIST

expression
N )
L—H variable ﬁ
N\ ) function
identifier N
k IS proced L
identif
\—

AAAAAAAA
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ASSIGNMENT STATEMENT

variable

function
identifier

CASE STATEMENT

expreSSion

expression

constant

()
N\

statement

COMPOUND STATEMENT

O

statement
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CONSTANT

constant
/_’ identifier
unsigned | )

number

NIL

character
(except ‘)

CONSTANT DECLARATION

——” identifier L—’@—-ﬁ constant [—————»
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DECLARATIONS

O
statement

5

(
constant
declaration
L~
type
-
var variab.le ‘
declarations
| —
—
\ > function
declaration
\__’ procedure
# declaration

*statement label is one-to-four-digit unsigned integer
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EXPRESSION
sil"nple
. expression \
E E E E E s simple
expression _$>
FACTOR
. unsigned
\ constant* )\
N variable
> ~
k_» function argument
identifier list
~\

% expr ion ’@— —~
factor ™

\_ set k
. expression

*An unsigned constant is a constant without a leading sign.
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FIELD LIST

identifier
. : type
list ’O > W

identifier

( . type variant
identifier list

FILE TYPE

e |

FOR STATEMENT to

variable
_’(: :)...’ expression
for identifier
down to

C’ expression do statement
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FUNCTION DECLARATION

identifier )

parameter type
list identifier

. compound
declarations —’
statement

GOTO STATEMENT
statement
"

IDENTIFIER LIST

identifier

O~
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IF STATEMENT

_@_> expression then statement

else statement

IF THEN STATEMENT

@._.’ expression statement

IF THEN ELSE STATEMENT

@——.’ expression statement

statement
PARAMETER LIST
identifier
(O >

—

type

identifier

procedure !
list




POINTER TYPE

>

4O,

type
identifier

PROCEDURE DECLARATION

PROCEDURE STATEMENT

procedure

—>
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identifier

parameter
list

declarations

>

compound
statement

forward

identifier

PROGRAM

argument
list

#

RECORD TYPE

) " identifier
identifier ®_> list
) compound
Q’@—’ declarations [~ (i 1ement ’ ( ) .
field

|

list
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IREPEAT STATEMENT

(e

SCALAR TYPE

(D

identifier

expression

list

SET EXPRESSION

-

-0

SET TYPE

expression expression |
simple
set of
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SIMPLE EXPRESSION

O — .
Lot

term

SIMPLE TYPE

type
identifier

subrange
type

>
>
(_p| scar
—p

J )

type

pointer \_
type >
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STATEMENT

Mac

* compound

statement
label

STATEMENT LABEL

SUBRANGE TYPE

statement

assignment
statement

while
statement

for
statement

if
statement

procedure
statement

repeat
statement

goto
statement

case
statement

with
statement

v ¢ 4 ¢ 4 4 ¢ 4 ¥ v

EJJJJJJJJJ

one-to-four-digit unsigned integer

————Pp{ constant

(>

constant |——P»




TERM

—p»| factor
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TYPE

factor

)

&

v

simple
type

)

TYPE DECLARATION

—>

identifier

4

array
type

record
type

set
type

t ¢ ¥

file
type

LJJJ

type
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UNSIGNED NUMBER
. unsigned unsigned
integer integer

unsigned

VARIABLE

variable

identifier \

field

N

identifier \ ‘O‘i
expression

\___>®

identifier

field /

VARIABLE DECLARATION

. identifier

list

>® —P! type —
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= yo-o—{E

-On

WHILE STATEMENT

statement |

WITH STATEMENT

variable
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Units

One of the power features of Turbo Pascal is the use of units. A unit
is a collection of constants, data types, functions, and procedures that
is compiled separately from a program it is used in. There are two
principal reasons why this is done. First, once a unit is written and
compiled, the programmer need not worry about working with this
code to include those functions into a program. Also, being compiled
separately allows for speed-up of compile times (not a big problem in
Turbo), since part of a program is already compiled and allows for the
same code to be used in several programs. The second reason for using
units is that they allow a very large program to be broken down into
more manageable pieces, much like breaking down a program into
procedures. Once it has been compiled, using a unit is similar to using
any of the Toolbox routines or data types.

A unit is like a program, with some significant differences. A unit
consists of two parts, the Interface and Implementation sections. Here
is a generic unit:

unit identifier (unit)
interface

uses (optional)
{Public declarations}

implementation

{Private declarations}
{Procedures and functions}

begin

{Initialization code}

end.
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Three new reserved words are used with units, “unit,” “interface,”
and “implementation.” The unit starts with the reserved word “unit,”
followed by an identifier and a unit number, a positive number unique
from other units. The reserved word “interface” marks the start of the
unit. The interface section lists what will be seen by any program that
is using the unit. Basically, this consists of procedure and function
headings and declarations for variables and data types that can be
used by the program calling the unit. The implementation section con-
tains any declarations local to the unit (unavailable to a calling pro-
gram) and the body of the functions and procedures.

For example, let’s look at a unit that contains three routines for
statistical work.

unit StatWorks (1);
Interface
type
ArrayType arrayl[l . . 100] of Integer;
function Average(A : ArrayType; var ) : Integer;
function Max (Numl, Num2 : Integer):Integer;
function Min (Numl, Num2 : Integer):Integer;
Implementation
procedure Average;
var
Ct, Sum : Integer;
begin
Ct :=
Sum
repeat
Ct := Ct + 1;
Sum := A[Ct] + Sunm
until A[Ct] <> -999; ({Sentinal value]
Average := Sum/Ct
end; {of Averagel
function Max (Numl, Num2 : Integer):Integer;
begin
if Numl > NumZ then
Max := Nunl
else
Max := Numd
end;
function Min (Numl, NumZ2 : Integer):Integer;
begin
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if Numl = Max(Numl, NumZ2) then
Min := Nume
else
Min := Numl
end;

‘end. {Of Unit StatWorks}

By compiling this unit to disk, it will be saved with a suitcaselike
icon. It can then be used in a program by including the unit name in a
Uses statement and by using a compiler directive {U} to identify
where the unit is, in this case { $U StatWorks}. Your program can
now use these three functions, Average, Min, and Max, and the data
type ArrayType freely as though they had been declared in the pro-
gram.
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Macintosh Character Set
1 2 3 4 5 6 7 8 9 A B C D E F

wo o |s f g @] P p|Al&a]|t ]|

s jon |l | AlQlalg|Alelo|x

s oz | w2 |B|R|b|r|G|ile]|s

S #l3c|s|c|s|Elilf]|=

o o | s 4 (DT d|t|N|il|l§]Y

o fwx | o |5 E|U|e|u|D|ile]|m

ks g6 | FIV|flv|U|a|T|a

B L1716 | W w|lalo|B]|Z

B (| 8|H|[X x|alo|®|I

wole L) le |1y |i|lylalo|of|m

s Jm [l Tulz]i|z]a]s|m|s

T o | K| [|k|{]|a]|®d a

ol <L\ jala 0

"Il -[=IM|]1|m[}|ec|u]|#]Q

o fm >IN fn | e]d|ae

"l /1?2 0|_|ofbEfe|i|op]|o

Row and column headings are hexadecimal digits.
(Row16) + Column gives you the numeric code for the character.
The first 32 characters (DO-IF) and DEL (7F) are nonprinting control codes.

The shaded area is reserved for future use.
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ABS function, 90-91
Active window, printing, 13
Actual parameters, 117
AddResMenu procedure, 304
AppendMenu procedure, 293
Application, 278
ArcTan function, 92
Argument, 80
Arithmetic expressions, 32-34
Arithmetic operations (or operators), 34-37
built-in, 90-92
Arrays, 12948
of characters, 147-48
declaring, 130
‘elements in, 130
files distinguised from, 211
For loops and, 131
of records, 16366
two-dimensional, 133-43
ASCII codes
CHR function and, 82-83
ORD function and, 81-83
Assignment operator, 31
Assignment statement, 31-32

Bank interest, program to calculate, 64—65
Boolean data type, 55-58
Boolean expressions, 57-58
oolean operators, 56
ubble sort, 158-59
ugs, 8
Built-in functions, 80-94. See also specific
functions
ABS, 90-91
arithmetic, 90-92
CHR, 82-83
console, 93-94
EOF (End of File), 220
FindWindow, 296
Float, 91
Hi, Lo, HiWord, and LoWord, 286
Int, 92
IOResult, 224-25

wWow

Index

logarithmic, 92

0oDD, 91

ORD, 81-83

ORD4, 91

PRED, 83

Round function, 83-84

SQR, 90

SQRT, 90

for strings, 151-52

SUCC, 83

trigonometric, 92

Trunc, 83-84

as user-defined functions, 102
Button, 66-67, 69

Case statement, 98-99
Characters, 28
Char data type, 79-80, 14748
Checking and Savings program, 227-49
CheckItem procedure, 309-10
CHR function, 82-83
Circles, drawing, 103-5
ClearEOL procedure, 93
ClearMenuBar procedure, 300
ClearScreen procedure, 93
Close procedure, 217
Colon expected error, 43—44
Comma expected error, 47-48
Comments, 21, 22
Compile menu, Turbo Pascal, 355-57
Compiler, 1, 2

error messages, 358
Compiling, 7-10

To Disk option, 9-10

speed of, 9
Compound statements, 52
Comp real type, 86-87
Concat function, 151-52
Conditional tests, 49-51
Console, 221
Console functions, 93-94
Constants, 37-38
Conversion functions, 8384



Copy function, 152

Copying text, 12

Cos function, 92
CountMItems procedure, 311
Cursor, 5, 194

Dangling pointer, 266
Data types, 26-28, 370

arrays. See Arrays

Boolean, 55-58

Char, 79-80

Longint, 84-85

mixing, 35-36

ordinal, 80

real. See Reals (real numbers)

records. See Records

Rect, 70-71

sets, 170-74

user-defined, 96-98, 371
Date operations, 169-70
DateTimeRec record type, 169-70
DeleteLine procedure, 93
DeleteMenu procedure, 309
Delete procedure, 152-53
Deleting text, 11
Desk accessories

displaying the apple (p) menu that lists, 303—6

program that activates, 307-8
Desk Manager, 306
Device, 221
Disableltem procedure, 309
Disk, 277
Displaying text, 196-97
DisposeMenu procedure, 308-9
Dispose procedure, 258
Documentation, 21-22

program for, 36369
Double clicking to select a word, 13
Double real type, 85-86
Downto loops, 63-64
DrawAll procedure, 329
DrawChar procedure, 197
Drawing programs. See also TurboDraw program

types of, 314
DrawMenuBar procedure, 295
DrawString procedure, 197
Duplicate identifier error, 47

Edges, in TurboDraw program, 315, 319-20,
323-25

Editing, 10-13
Edit menu, Turbo Pascal, 352
Editor, Turbo Pascal, 4-5
Elements

in arrays, 130

of records, 160
Ellipses, drawing, 103-5
Empty set, 171
Enableltem procedure, 309
End (of a program)

InvEx 395

period expected error, 44
unexpected end of text error, 45
End of File function, 220
Entering programs, 5-7
Enumerated data types, 96-97
Enumerated values, comparing, 100
EOF (End of File), 220
EraseOval command, 103
EraseRect command, 72-73
EraseRect procedure, 186
Error in expression error, 45
Error messages. See also Syntax errors compiler,
358
Event Manager, 274-77
Event masks, 281-84
Event queue, 279
Event records, 279-80
Events
273-290, 271
keyboard, 284-89
mouse, 280-81
types of, 277-79
EXP function, 92
Expressions, 32-34
Extended real type, 85-86

Fields
in event records, 279-80
of records, 160
tag, 253
File menu, Turbo Pascal, 350
Filenames
logical and physical, 214, 216
in TurboDraw program, 332-34
Files, 211-49, 371-72
access to, 212-13, 216-17
random, 218-29
sequential, 217
arrays distinguished from, 211
in Checking and Savings program, 22749
closing, 217
declaration of, 213-14
definition of, 211
detecting whether a file already exists, 224-25
examining contents of, 225-26
finding the end of, 219
names of, 214
opening, 214-15
pathnames for, 226
programming techniques, 224-25
random, 212-13
sequential, 212
text, 220-24
using, 214
FileTitle, 214, 215
FillRect procedure, 187
Finder, 3
FindWindow function, 296, 298, 306
FlashMenuBar procedure, 311
Float function, 91
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Font menu, Turbo Pascal, 355
Fonts, 197-99
For loops, 58-65

arrays and, 131

downto, 63-64

nested, 61-63

in program to calculate bank interest, 64—65
Formal parameters, 117
Fragmentation, 265-66
FrameOval procedure, 103
FrameRect procedure, 71-72, 186
Functions. See also Built-in functions

user-defined, 101-2

GetClip procedure, 324
GetDateTime procedure, 169
GetltemMark procedure, 310
Getltem procedure, 306
GetltemStyle procedure, 310
GetMenuBar procedure, 300
GetMHandle procedure, 311
GetMouse, 69-70, 74
GetNextEvent function, 280-81
Global variables, 114-17, 122-23
GotoXY procedure, 94
Graphics. See also QuickDraw; TurboDraw
program
coordinate system, Macintosh’s, 14

Handles, 267-71
HideCursor procedure, 194
Hi function, 286

HiLite menu procedure, 300
HiWord function, 286

Icon, Turbo Pascal, 4, 4-7
Identifiers, 22
basic requirements for, 18
duplicate identifier error, 47
syntax diagram of, 20-21
unknown identifier error, 43
valid and invalid, 20
-then-else statement, 53
If-then statements, 49-55
"Case statement used to replace, 98-99
compound statements and, 52
conditional tests and, 49-51
nested, 53-55
Infinite series, summation of, 87-90
InitMenus procedure, 292
Inserting text, 11
InsertLine procedure, 93
InsertMenu procedure, 295
Insert procedure, 153
Inside Macintosh, 3
Integers, 26-27
LongInt data type and, 84-85
Int function, 92
InvertOval command, 105-6
InvertRect procedure, 186-87

IOResult codes, 361-62
IOResult function, 224-25

Keyboard, 277

Keyboard events, 284-89
Keyboard modifiers, 289
KeyPressed function, 94

Length function, 151
Lines, 182-190

drawing, 111-14
LN function, 92
Local variables, 114-17, 122-23
Lo function, 286"
Logarithmic functions, 92
Logical filename, 214
Longint data type, 84-85
Loops

For. See For loops

Repeat, 155-58

While, 66—68
LoWord function, 286

Macintosh
character set, 393
graphics coordinate system, 14
overview, 2-3
Macintosh Pascal, differences between Turbo
Pascal and execution speeds, 95-96, 370
MacWrite Style menu, 294
Masks, event, 281-84
Master Pointer, 267, 269
MaxInt, 27
Members, 170
Memory
allocation of, 263-67
handles and, 267-71
Memory Manager, 263, 271
Menu bars, 291
swapping, 300-2
MenuCalculator program, 298-300
MenuHandle type, 292
Menulnfo type, 292
Menu list, 291-92
Menu Manager, 3, 291
Menus, pull-down, 291
creating, 292-300
displaying the apple (p) menu that lists, 303-6
swapping menu bars, 300-2
MenuSelect function, 296-98
Message field, 280
Metacharacters to control menu items, 293-94
Modifiers, keyboard, 289
Modifiers field, 280
Mortgage calculator program, 123-27
Mouse, 69
event masks and, 281-84
events generated by, 277, 280
Move procedure, 183
MoveTo procedure, 183



Moving text, 12

Nested For loops, 61-63
Nested If-then statements, 53-55
Nested records, 16669
Network, 277
NewHandle function, 269-71
NewMenu function, 292
New procedure, 257
Nodes, in TurboDraw program, 315, 318-19,
323-25

Numbers

integers, 26-27

real, 27

ODD function, 91
OpenDeskAcc function, 306
Operand types.does not match operator error,
45-46
Operating system, 3
Operating System Event Manager, 277, 279
Operations (operators), 34-37. See also
Arithmetic operations
error in expression error, 45
operand types does not match operator error,
45-46
precedence of, 36-37
ORD¢4 function, 91
ORD function, 81-83
user-defined data types and, 97
Ordinal types, 80
OslIntf, 271
Ovals, 189
drawing, 103-5

PaddleBall program, 203-10
PaintOval command, 103
PaintRect command, 73
PaintRect procedure, 186
Parameters, in procedures, 112-14, 117-23
actual parameters, 117
comparing value and variable parameter
passing, 120-21
formal parameters, 117
mixing variable and value parameters, 121-22
value parameters, 117-18
variable parameters, 118-20
when to use variable parameters or value
parameters, 123
Parentheses: right parenthesis expected error,
4445
Pascal. See Macintosh Pascal; Turbo Pascal
Pen, 130-93
changing size, 199-202
positioning, 182-84
PenMode procedure, 190-93
PenPat, 130
PenSize, 190
Period
missing at the end of a program, 45
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period expected error, 44
Physical filename, 214
Pixels, 14
Point, 69-70
Pointers, 25663
dangling, 266
handles and, 267-71
Points, 181-82
Position.H and Position.V, 69-70
Position function, 152
PrCloseDoc procedure, 329
PrClosePage procedure, 329
PrClose procedure, 327
PRED function, 83
enumerated types and, 97-98
PrintDefault procedure, 327
Printing
the active window, 13
a program, 13
Print Manager, 325-30
PrJobDialog function, 328
Procedures, 109-27. See also specific procedures
calling, 110
for drawing triangles, 111-14
in mortgage calculator program, 123-27
parameters in. See Parameters
scope of variables in, 114-17, 122-23
sequence of execution of statements and, 110
for strings, 152-53
Program(s), 41-42
to activate desk accessories, 307-8
to calculate bank interest, 64—65
case-changing, 173-74
Checking and Savings, 227—49
declaration of, 17-18
documentation of, 21-22, 363-69
editing, 10-13
entering, 5-7
infinite series, 87-90
Kepler’s Delight, 105-6
MenuCalculator, 298-300
MenuDemo, 295-98
mortgage calculator, 123-27
PaddleBall, 203-10
printing, 13
ReverseText, 262-63
running, 7-10
simplest possible, 17-18
Sketchpad, 194-96
changing pen size in, 199-202
SwapMenus, 300-2
TicTacToe, 13648
TurboDraw. See TurboDraw program
weather tracking, 163-66
PrOpenDoc procedure, 328-29
PrOpenPage procedure, 329
PrOpen procedure, 327
PrPicFile procedure, 329
Pseudocode, 65
PtInRect routine, 74
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Pull-down menus. See Menus, pull-down

QuickDraw, 3—4, 14, 68-76, 181-210
cursor in, 194

. displaying text with, 196-99

GetMouse and, 69-70

lines in, 111-14, 182-190

ovals in, 103-5

PaddleBall program, 203-10

pen characteristics in, 190-93

pen positioning in, 182-84

points in, 181-82

rectangles in, 70-76, 185-88
combining the mouse and, 74-76

recursion with, 177-80

SketchPad program for drawing on screen,

194-96
changing pen size, 199-202

Random file access, 218-19
Random files, 212-13
Readln statement, 23-24, 4041
reading strings with, 150
text files and, 221-22
Read procedure, 216
Read statement, 4041
Reals (real numbers), 27
COMP, 86-87
Double, 85-86
Extended, 85-86
Records, 15969
arrays of, 163-66
' declaration of, 159-60
elements or fields of, 160
event, 279-80
nested, 166-69
With statement and, 161-63
variant, 251-56
Rectangles, 70-76, 185-88
calculations with, 199
combining the Mouse and, 74-76
drawing, 186-88
round-cornered, 189-90
Rect data type, 70-71, 185
Recursion, 175-80
drawing of equilateral triangles with, 179-80
with QuickDraw, 177-80
subdivision of squares with, 178-79
Repeat loops, 155-58
Replacing text, 12
Reserved words, 18
Reset procedure, 215
ReverseText program, 262-63
Rewrite procedure (or statement), 214-16
text files and, 222-23
Right parenthesis expected error, 44—45
Round function, 83-84
Rounding errors, 84, 86
Running programs, 7-10
Run-time errors, 30-31

SANE (Standard Apple Numerical Interface), 86
Scientific notation, 27
Screen, Macintosh’s, 14
program for drawing on, 194-96, 199-202
Search menu, Turbo Pascal, 353-55
Secs2Date procedure, 170
Seek procedure, 218-19
Semicolon, 17-18, 52
missing semicolon error, 24, 42-43
Sequential file access, 218
Sequential files, 212
SetClip procedure, 324
Set difference, 172
Set intersection, 172
SetItemMark procedure, 310
SetItem procedure, 309
SetltemStyle procedure, 310
Set operators, 171
SetRect procedure, 71-72, 186
Sets, 170-74
case-changing program using, 173-74
input verification and, 173
Set union, 171
SFGetFile procedure, 333
SFPutFile procedure, 332-33
ShowCursor procedure, 194
Signed integer, syntax diagram for, 19, 20
SketchPad program, 194-96
changing pen size in, 199-202
Sort, bubble, 158-59
SQR function, 90
SQRT function, S0
Squares, subdivision of, 178-79
Starting up, 4-7
Statements, 23
Stop rule, 176
Strings, 28, 148-53, 371
arraylike access to, 149-50
built-in functions and procedures for, 151-53
comparing, 150-51
declaration of, 149
reading, 150
Subprograms, 109. See also Procedures; User-
defined functions
Subranges, 100-1
SUCC function, 83
‘enumerated types and, 97-98
SwapMenus program, 300-2
Switch (toggle), 141
Syntax, 18-20
Syntax diagrams, 18-21
Syntax errors, 8, 42—-48
colon expected, 43—44
comma expected, 47—48
duplicate identifier, 47
error in expression, 45
missing semicolon, 42-43
operand types does not match operator, 4546
period expected, 44
right parenthesis expected, 4445



type mismatch, 46
unexpected end of text, 45
unit missing, 46
unknown identifier, 43
SysBeep function, 74-75, 94-95
System Click procedure, 306
System errors, 30
SystemTask procedure, 306

Tag fields, 253
Text, displaying, 196-99
TextFace procedure, 198-99
Text files, 220-24
TextFont procedure, 197-98
TextSize procedure, 198
TickCount function, 94-96
TicTacToe program, 13648
GetMove procedure, 138-39
InitalizeArray procedure, 136-37
listing of complete program, 143-47
PrintBoard procedure, 139
PrintPlayer function, 139
WinOrTie procedure, 13941
Time operations, 169-70
To Disk option, in Compile menu, 9-10
Toggle (switch), 141
Toolbox. See User Interface Toolbox
Toolbox, Macintosh’s, 3
date and time procedure, 169-70
Event Manager, 274-77, 279
managers in, 274-77
SysBeep function, 94-95
TickCount function, 94-96
variant records in, 255-56
Triangles
procedure for drawing, 111-14
recursion used to draw, 179-80
Trigonometric functions, 92'
Trunc function, 83-84
Truth tables, 56-57
TurboDraw program, 313—-48
complete listing for, 33447
connecting the nodes with edges in, 323-25
data structure of, 318
designing, 321-22
edges in, 319-20
filenames in, 332-34
loading and saving the data structures in,
330-32
nodes in, 318-19
printing pictures with, 325-30
user interface of, 316-18
Turbo Pascal
character pair special symbols, 349
Compile menu, 355-57

differences between Macintosh Pascal and, 370

Edit menu, 352
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File menu, 350
Font menu, 355
overview of, 1-15
editing a program, 10-13
éntering a program, 5-7
Macintosh environment, 2-3
printing a program, 13
printing the active window, 13
running a program, 7-10
screen, Macintosh’s, 14
starting up, 4-7
reserved words, 349
Search menu, 353-55
single character special symbols, 349
syntax diagrams, 373-87
Two-dimensional arrays, 133-43
Type mismatch error, 46

Unit missing error, 46

Units, 388-30

Unsigned integer, syntax diagram for, 19
User-defined data types, 96-98, 371
User-defined functions, 101-2

User Interface Toolbox. See Toolbox

Validity of input, Repeat loop used to check,
156-58

Value parameters, 117-18

comparing variable parameters and, 120-21

mixing variable parameters and, 121-22
Variable parameters, 118-23

comparing value parameters and, 120-21

mixing value parameters and, 121-22
Variables, 28-33

arrays of. See Arrays

assignment statement and, 31-32

Boolean, 55-58, 6667

dynamic, pointers and, 256-63

expressions and, 32-34

scope of, in procedures, 114-17, 122-23
Variant records, 251-56

What field, 279
When field, 280
Where field, 280
While loops, 6668
Window, 278
Window Manager, 3
Windows, 4-7
active, printing, 13
With statement, 161-63
Writeln statement, 23-26
field width parameter, 38—40
text files and, 222-23
Write procedure, file access and, 216
Write statement, 23-26
field width parameter, 3840
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