






































































































































































































































































































































































































































































































































































































there are ls in the columns headed 8, 4, and 2. Those numbers sum to 14, 
which is E in hexadecimal. Thus the first digit is E. In this case, the second 
digit also is E, so the complete number is OxEE; recall that C uses the Ox 
prefix to denote hexadecimal notation. 

Grafport Patterns and stuffhex() 

Several members of the grafport structure are patterns. The bkpat 
member is the pattern used for the background and for the various erase 
commands. The openport() call initializes it to white. The fillpat member is 
used to store the pattern currently being used for a fill call (such as 
filloval()). The pnpat member holds the pattern made by the pen as it draws; 
openport() initializes it to black. 

Suppose you wish to change one of the patterns. You can't use the 
static variable initialization technique of the last example, for the structure 
members aren't variables declared in the program. And it would be tiresome 
to set each byte separately. Fortunately, the Quickdraw stuffhex() function 
offers a simple way to assign values to a pattern. 

As its name implies, stuffhex() requires using the same hexadecimal 
code we used before. The function takes two arguments. The first is the 
address of the data form to be stuffed, and the second is a Pascal-format 
string consisting of the hexadecimal digits. Here is how to set up the heart 
pattern using stuffhex(): 

pattern heart; /* declare a pattern variable */ 
char *hearts = "44EEBA92446C3810"; 

I* create pointer to hex string */ 

strctop(hearts); /*convert string to Pascal format*/ 
stuffhex(&heart,hearts); /*stuff the pattern into 

heart */ 

There are several points to note. First, because we are not initializing 
the pattern heart, it can be an automatic variable instead of static or external. 
Second, stuffhex() expects all the characters in the string to be hex digits, so 
it is not necessary to use the Ox prefix. Third,. hearts doesn't have to be 
static or external to be initialized because it is a pointer, not an array. 
Fourth, the strctop() function converts the pointed-to string to the Pascal 
format. Finally, the stuffhex() arguments are the address of the pattern 
(&heart) and a pointer to the string (hearts). 
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This method requires more steps than the initialization method, but it 
has three advantages. First, the representation of the pattern is more 
compact, for no commas and no hex prefixes are needed. Second, it can be 
used at any time to give a value to a pattern structure; it's not confined to the 
declaration section. Third, because the representation is a string, it can 
easily be copied and altered. 

Let's use stuffhex() to alter the background and pen patterns. We'll 
open a new port, set the patterns, and see what happens. 

From Mac's Toolbox: New Routines 

StuffHex Puts hex-coded bits into a data structure 

I* newpats.c -- alter grafport patterns */ 
:#:include "stdio.h" 
:#:include "data.h" 
main() 
{ 

grafptr gp; 
rect box; /* use for drawing */ 
char *newpen "99667ebdbd7e6699"; 

char *back "991818ffff181899"; 
char *white "0000000000000000"; 
char *malloc(); 

I* hex code for 
pen pat */ 

strctop(newpen); I* convert the strings to 
Pascal format */ 

strctop(back); 
strctop (white); 
gp = (grafport) malloc( sizeof (grafport) ); 
openport (gp); 
stuffhex(&gp->bkpat, back); /*set grafport 

stuffhex(&gp->penpat, newpen); 
eraserect(&gp->portrect); 

bkgrnd pat */ 

I* draw in new 
background */ 

setrect(&box, 50, 50, 450, 300); 
paintoval(&box); /*uses new pen pattern*/ 
insetrect(&box, 64, 40); /*reduce box size*/ 
invertoval(&box); /*invert new pen pattern*/ 
insetrect(&box, 64, 40); 
eraseoval(&box); /*uses new background pattern*/ 

286 MACINTOSH C PRIMER PLUS 



while ( !button() ); /*wait 
stuffhex(gp->bkpat, white); 

for mouse button */ 
I* blank background */ 
/* clear screen */ eraserect(gp->portrect); 

closeport(gp); I* develop tidy habits */ 

Figure 9. 7 shows the appearance on the screen before the mouse 
button is pushed . 
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Figure 9. 7 Output of newpats.c 

Since gp is a pointer to the grafport, gp->bkpat is the bkpat member of 
the structure, and &gp->bkpat is the address of that member. The first call 
to stuffhex() sets the new background pattern. For variety, we used 
lowercase hex letter-digits; C recognizes either case. The screen does not 
change until the first eraserectO call. At that point, the screen is filled with 
the new background pattern. The paintoval() call paints in the oval using the 
new pen pattern. The invertovalO call, operating withiri a smaller rectangle, 
inverts the pen pattern. The eraseoval() call reminds us that this call doesn't 
really erase the affected area; it just paints it with the background pattern. 
Note that each pattern obliterates the one before it; the patterns are not 
superimposed. 
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Designing patterns is fun, but let's move on to a larger form of pattern, 
the cursor. 

The Cursor 

The cursor is the screen marker that represents mouse movement. You can 
design and set your own cursor if you like. Here is the Hippo C definition 
of the cursor type: 

typedef char bits16[32]; 

struct Cursor 
{ 

} ; 

bits16 data,mask; 
point hotspot; 

typedef struct Cursor cursor, *cursptr; 

The hotspot is the active part of the cursor, the part that has to be 
positioned over a location when you wish to click it. The data member is an 
array of 32 bytes, or 256 bits. It should be thought of as a 16-by-16 grid in 
which to set up an image of the cursor. Its the same idea as the pattern, only 
bigger. The mask member also is a 16-by-16 grid. Each element of the 
mask determines what happens to the corresponding data bit as it passes 
over light and dark backgrounds. We'll return to that, but first, let's design 
a cursor. 

This time we draw a 16-by-16 grid and fill it in with light and dark 
squares. (Graph paper is handy for this purpose.) We divide each row into 
4 parts, each with an 8-4-2-1 heading like the one we used for pattern 
design. Again, each 4 element section is translated into one hexadecimal 
digit. Each two-digit combination then is assigned to one byte. 

What about the mask? The mask, too, is a 16-by-16 grid. The value of 
the mask bit determines what happens when the corresponding cursor bit 
passes over different backgrounds. Here is the scheme: 
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data bit mask bit Resulting pixel on screen 

0 1 white 
1 1 black 
0 0 same as pixel under cursor 
1 0 inverse of pixel under cursor 

A mask of 1 means that the black part of a cursor will become invisible 
if the cursor passes over a black field. A mask of 0 makes the cursor 
visible, for the 1 bits always appear the opposite of the background, while 
the 0 bits always blend in. 

The next program shows the outcome of this process of creating a 
design and a mask. In it, we initialize a cursor variable newcur. The cursor 
type, we saw, is a structure of three structures, so we initialize each 
structure. The first structure (newcur.data) is initialized to the first clump of 
data; the numbers were generated by the graphic process we just described. 
Then we initialize the mask section. We arbitrarily set the upper half of the 
mask to all Os and the lower half to all ls. Then we set the hotpoint to 7,7. 
The setcursor() function uses the address of newcur to set the cursor for 
that pattern. 

In the program we introduce a very useful Quickdraw function called 
ptinrect(). As you might guess, it determines whether or not a point lies 
within a rectangle. Its arguments are the name of a point variable, and the 
address of a rect variable. We use it in conjunction with the getmouse() 
function, which determines the mouse position. This function takes as an 
argument the address of the point variable used to store the information. By 
using these functions along with button(), we can use mouse clicks to 
control the progress of the program. 

We also introduce the initcursor() function, which sets the cursor to 
the standard arrow. Otherwise, as you perhaps have noted, the program 
gets stuck with whatever the last cursor was, usually the clock. 

From Mac's Toolbox: New Routines 

PtlnRect 
InitCursor 
Set Cursor 
Get Mouse 

Determines if a point is in a rectangle 
Set the arrow cursor 
Set cursor to indicated form 
Obtain the mouse location 
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Here is the program; try it out and see what happens to the cursors 
as they pass over light and dark areas; that will show how the mask works. 
If you are running the program from the Hippo C Command Window, 
expand the window to nearly full screen before running the program. 

#include "data.h" 
#include "stdio.h" 
main() 
{ 

static cursor newcur = { /* first, define pattern */ 
{ OxOO,OxOO,OxOO,OxOO,Ox21,0x08,0xl3,0x90, 

OxOE,OxEO,OxOC,Ox60,0x19,0x30,0x33,0x98, 
Ox19,0x30,0xOC,Ox60,0xOE,OxEO,Oxl3,0x90, 
Ox21,0x08,0xOO,OxOO,OxOO,Ox0010xOO,OxOO }, 

/* now comes the mask */ 
OxOO,OxOO,OxOO,OxOO,OxOO,OxOO,OxOO,OxOO, 
OxOO,OxOO,OxOO,OxOO,OxOO,OxOO,OxOO,OxOO, 
OxFF,OxFF,OxFF,OxFF,OxFF,OxFF,OxFF,OxFF, 
OxFF,OxFF,OxFF,OxFF,OxFF,OxFF,0xFF,0xFF}, 

/* and now the hotpoint */ 
{ 7, 7} 

} ; 
rect mesgbox, boxl, box2; 
point mouse; /* mouse position */ 

eraserect(&theport->portrect); 
framerect(&theport->portrect); 
setrect(&mesgbox,20,50,300,100); 
setrect(&boxl, 320, SO, 400, 100 ); 
setrect(&box2, 320, 150,400, 200 ); 
framerect(&mesgbox); 
framerect(&boxl); 
framerect(&box2); 
textsize(18); 
moveto(340,80); 
drawchar('l'); /*label boxl */ 
moveto(340,180); 
drawchar('2'); /*label box2 */ 
textsize(12); 
moveto(30,65); 
drawstring (strctop ("You now see the leftover I 

cursor.") ) ; +..J 
moveto(30,80); 
drawstring (strctop ("Click box 1 to initialize 1 

cursor.") ) ; +..J 
getmouse(&mouse); 
while ( !button() I I !ptinrect (mouse, &boxl) 

getmouse(&mouse); 
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initcursor(); /*activate standard cursor*/ 
eraserect(&mesgbox); 
framerect(&mesgbox); 
moveto(30,65); 
drawstring(strctop("This is the standard cursor." )); 
moveto(30,80); 
drawstring(strctop("Click box 2 to see a new cursor."-, 

)) ; +-' 
invertrect(&mesgbox); 
while ( !button() I I !ptinrect(mouse,&box2) ) 

getmouse(&mouse);/* continue until click in box*/ 
eraserect(&mesgbox); /*erase old message*/ 
framerect(&mesgbox); 
setcursor(&newcur); /*activate new cursor pattern*/ 
moveto(30,65); 
drawstring(strctop("Great! Click this box to stop."-, 

)) ; +-' 
invertrect(&mesgbox); 
while ( !button() I I !ptinrect(mouse,&mesgbox) 

getmouse(&mouse) ; 
eraserect(&theport->portrect); 

One More Example 

Now that we know more about Quickdraw, let's do one more example. 
This program produces a grid (we're bullish on rectangles) in which you 
can cause circles to appear by clicking the mouse in the chosen box. The 
circles come out alternately light and dark, making the screen look a bit like 
a game board for the ancient game of Go. To stop the program, click the 
mouse outside of the game board. Note that the program contains two new 
functions of our own: makeboxes() and mouseinbox(). 

From Mac's Toolbox: New Routines 

UnionRect Make smallest rectangle containing 2 
others 

Here is the program listing (once again, the wait() function is compiled 
separately): 
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#include "data.h" 
#include "stdio.h" 
#define ROWS 4 
main () 
{ 

grafptr gp; 
rect boxes[ROWS] [8]; 
static point upperleft = { 50, 56}; 
static pattern heart = 

{0x44,0xEE,OxBA,Ox92,0x44,0x6C,Ox38,0xlO }; 

char *malloc(); 
void makeboxes(), mouseinbox(); 

initcursor () ; 
gp = (grafptr) malloc(sizeof(grafport)); 
openport (gp); 
fillrect(&gp->portrect,&heart); /*fill screen with 

hearts */ 
pensize(4,4); 
makeboxes(boxes,upperleft,50,ROWS);/* create boxes*/ 
mouseinbox(boxes,ROWS); /*mouse work*/ 
eraserect(&gp->portrect); 
closeport (gp); 
free(gp); 

void makeboxes(bp,ul,size,rows) 
rect (*bp) [8]; /*pointer to row of 8 boxes*/ 
point ul; /* upper left corner of grid */ 
integer size; /* box size */ 
integer rows; /* number of rows */ 

int row, col; 

moveto(ul.h,ul.v); 
for ( row = 0; row < rows; row++) 

for (col = 0; col < 8; col++) 
{ 

/* each row */ 
/* each column */ 

setrect(&bp[row] [col],ul.h + col*size,ul.v + "";:> 
row*size, ul.h + (col+ l)*size, ul.v + (row+--, 
1) *size); +J 

eraserect(&bp[row] [col]); /*erase hearts*/ 
framerect(&bp[row] [col)); 

} 
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void mouseinbox(bp,rows) rect (*bp) [8]; 
integer rows; 
{ 

integer row, col; 
point mouse; /* mouse location */ 
rect stop; 
int pebble = 0; 

unionrect(&bp[O] [0],&bp[rows-1] [7], &stop); 
invertrect(&stop); 
insetrect(&stop, -10, -10 ); 
invertrect(&stop); 
framerect(&stop); 
do 

getmouse(&mouse); 
for (row = 0; row < rows; row++) 
for (col = O; col < 8; col++ ) 

if ( ptinrect( mouse, &bp[row] [col]) && button()) 
{ 

if ( ++pebble % 2 == 1) 
{ 
eraseoval(&bp[row] [col] ); 
frameoval(&bp[row] [col] ); 
} 

else 
paintoval(&bp[row] [col] ); 

wait(40); 
} 

while ( !button() I I ptinrect (mouse, &stop)); 

Figure 9.8 shows the screen appearence. 

We've used one new Quickdraw routine. It's called unionrect(), and it 
finds the smallest rectangle enclosing two rectangles. The three arguments 
are pointers to the two rectangles and the address of the rectangle to include 
them. We took a box to enclose the upperleft and lowerright boxes. We did 
this so that we only have to check if the mouse is outside this one box rather 
than check each of the smaller boxes individually. 
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Figure 9.8 Screen appearence for go.c 

The rest of the program uses familiar techniques, including passing a 
two-dimensional array of structures as a function argument. One point of 
interest is the use of the wait() function in mouseinbox(). Without it, the 
inner loop will cycle several times before you can release the mouse button, 
leading to unpredictable results. This is a bit of a kludge. In Chapter 10 
we'll show a better way to handle this problem. 

In mouseinbox(), the nested for loops check each box in tui;n to see if 
the mouse is in the box and if the mouse button is being pushed. If so, a 
circle is drawn. The variable pebble acts as counter; depending on whether it 
is odd or even, a white or black circle is drawn. 

The stop rectangle is set up to be slightly larger than the board grid. 
Note the condition for the loop control variable for the outer do ... while 
loop: 

!button() I I ptinrect (mouse, &stop); 
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It remains true as long as either the mouse button is up or the mouse is in 
the rectangle stop. Thus, to halt the program, you must press the button 
while the mouse is out of the large rectangle. 

Summary 

The Toolbox is described in Pascal terms, which the C programmer must 
convert to the appropriate C idioms. Pascal procedures correspond to 
C functions without return values, while Pascal functions correspond to 
C functions with return values. AC function call must match the Pascal 
description of arguments in both type and number; also, the type of a 
C function should match the return value of a Pascal function. Pascal value 
parameters correspond to regular C arguments, while Pascal variable 
parameters correspond to passing an address in C. An exception occurs for 
arrays and structures, in which case the C call should pass an array or 
structure address when either a variable or value parameter is called for. The 
Point structure is an exception to the exception and follows the same rules 
as ordinary variables. The Toolbox utilizes a host of Pascal Type 
definitions. These can be converted to C equivalents using #defines and 
typedefs. Hippo C provides a header file data.h, which contains such 
definitions. 

Using data.h makes using Quickdraw easier. This package makes 
heavy use of predefined structures and pointers to structures. One can use 
the included definitions to facilitate using routines to create and modify 
grafports, to create new patterns and cursors, to control the pen appearence, 
and to monitor the location of the mouse, among other possibilities. 
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10 
A Mac Miscellany 

In this chapter you will learn about: 

• Macintosh managers 
• Memory management 
• Stacks and heaps 
• Relocatable and nonrelocatable blocks 
• Pointers and handles 
• Quickdraw regions 
• The event manager 
• Files 
• The sound driver 

Programming in C for the Macintosh takes a lot of knowledge. You have to 
know C, of course, and you have to know about the Macintosh. We have 
concentrated on presenting C, but in this chapter we will look more at 
Macintosh matters. The topic is too vast for a book of this size, let alone a 
chapter, so this chapter will give a quick overview, then concentrate on 
concepts that lay the groundwork for future development. In particular, we 
will look at memory management, events, and files. Once more, we'll draw 
upon Quickdraw for examples. 

The Macintosh Software System 

The Macintosh has a large selection of built-in software, with nearly 500 
routines stored in its ROM (read only memory). The routines can be 
subdivided into two classes: the operating system and the Toolbox. These 
classes are divided further into modules called "managers." Here are the 
major managers. 
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Toolbox Managers 

Quick draw 
Toolbox Utilities 
Font Manager 
Event Manager 
Resource Manager 
Window Manager 
Control Manager 
Dialog Manager 
Menu Manager 
Desk Manager 
Text Edit 
Scrap Manager 
Package Manager 

Operating System Managers 

Event Manager 
Operating System Utilities 
Memory Manager 
File Manager 
Segment Loader 
Vertical Retrace Manager 

The division between the two groups is somewhat fuzzy, as the 
appearance of the Event Manager in each group testifies. Each package has 
an area of responsibility, although the areas sometimes overlap. The 
Quickdraw package, for example, essentially is the screen manager, and the 
Window Manager must draw upon Quickdraw to do its work of controlling 
windows. 

Each package is described in a separate section of Apple's Inside 
Macintosh volumes. The discussions there explain the concepts behind 
each package and present a description of the included routines along the 
lines of the Quickdraw excerpts you saw in Chapter 9. 

We'll study the Memory Manager and the Event Manager in more 
detail. Let's begin by looking into how the Macintosh handles memory. 

l\1acintosh l\1einory l\1anageinent 

The Macintosh uses three techniques and three different memory areas for 
storing program data. We outlined them in Chapter 9, but it won't hurt to 
repeat them now. 

Variables that are declared externally or that are declared to be storage 
class static are placed in a "static" memory area. The memory space they 
need is allocated when the program is compiled and loaded. Automatic 
variables have their memory needs allocated when the function using them 
is called; they are placed in an area called the stack. Finally, storage space 
explicity requested during run time (for example, by the malloc() function) 
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is allocated from an area called the heap. Let's examine each type more 
carefully now. 

Static Memory 

The term static is used to indicate that these memory locations stay 
assigned as long as the program runs. In Hippo C, the static memory 
locations are stored in the same general area as the program code, which is 
in a memory section called the "application heap." Once a program is 
finished, all its memory locations are liberated, so the "static" variables of 
the program are not truly permanent. The Macintosh system, however, has 
its own set of global variables that are really static, for they persist even 
after your program quits. They are stored in the system static memory 
locations, which occupy a little over 2000 memory addresses at the very 
beginning of memory. For example, the tickcount (the number returned by 
the tickcount() function) is obtained through using location 362. (You don't 
need to know the address, for the function takes care of matters for you.) 
Figure 10.1 outlines the location of these memory locations and of others 
we will discuss. 

Stack 

Grows downward 

Free Memory 
Grows upward 

Applications heap 

System heap 

Low addresses 

Figure 10.1 Memory in the Macintosh 
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The Stack 

The stack, used for automatic variables, starts near the top (large 
addresses) of memory, just below the area holding the bit mapping for the 
screen. Each time a function is called from a program, its automatic 
variables are added to the stack, and when a function quits, its automatic 
variables are removed. The actual contents of a memory location aren't 
erased, but they are no longer accessed by the variable name. Also, the 
location is freed for the next variable needing it. On the Macintosh, the 
stack actually grows downward from large addresses to smaller ones. So 
here, the phase "top of the stack" refers to the low-memory end of the stack. 
Figure 10.2 illustrates the process . 

._ bottom of stack ~ ..------.. 
22 22 

13528 13528 

16 16 

101012 101012 

• top of stack~ 
385 

Before After 
Figure 10.2 Adding a new value to the stack 

To get a more concrete view of what's happening, let's look at a 
program that creates some static and some automatic variables, calls some 
functions with automatic variables, and prints out the addresses for all the 
variables. Here is the program. 

I* addressesl.c shows addresses of variables */ 
char extl, ext2; /* two external variables -

main () 
{ 

- static storage */ 

char autol,auto2; /* two stack variables */ 
void functl(), funct2(); 
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printf("The address of extl is %u\n", &extl); 
printf("The address of ext2 is %u\n", &ext2); 
printf("The address of autol is %u\n", &autol); 
printf("The address of auto2 is %u\n", &auto2); 
autol = 22; 
functl(autol); 
funct2(auto2); 

void functl(a) 
char a; /* formal argument */ 
{ 

char b; I* local variable */ 

printf("The address of a is %u\n", &a) ; 
printf("The address of b is %u\n", &b); 

void funct2(c) 
char c; 
{ 

printf("The address of c is %u\n", &c); 
functl(c); 

Here is the output; note how the static variables are in one area, while 
the automatic variables (including the formal function arguments) are in 
another. Note, too, how successive static variables come later in memory, 
while successive automatic variables come earlier in memory. 

The address of extl is 36448 
The address of ext2 is 36450 
The address of autol is 106823 
The address of auto2 is 106822 
The address of a is 106819 
The address of b is 106807 
The address of c is 106816 
The address of a is 106805 
The address of b is 106793 

The stack memory process is very orderly. Memory assignments 
operate on a "last in, first out" (or "lifo") basis. Note how funct2() uses a 
memory location in the midst of the memory area used by the first call of 
functl(). Also, see how the second call to functl() results in different 
locations being assigned to a and b, for now they are added to the stack on 
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top of funct2()'s assignments. Gaps between the addresses shown indicate 
that the stack is being used for matters in addition to the declared variables. 

The orderly stack is well suited for handling automatic variables. Add 
memory when a function is called, and remove memory when the function 
finishes. Additions and subtractions are always made at the top of the stack, 
in the same order that functions are called and dismissed. A function that 
has called another function doesn't quit before the called function quits, so 
there is no necessity to free memory in the middle of a stack. However, not 
all memory demands are as well-ordered as those created by automatic 
variables. Sometimes we need the heap. 

Heap Memory 

Just as the name "stack" suggests an orderly arrangement, the name 
"heap" suggests a greater degree of disarray. In a heap, memory is assigned 
in blocks, and assigned blocks can be freed even if they are in the middle of 
the heap. So the heap can wind up having a jumbled mixture of assigned 
and unassigned memory. This is what some programming situations need. 

For instance, consider the Macintosh window system. You can open 
several windows at once, shift back and forth between them, and dismiss 
them in any order you want. There is no last-in, first-out restriction here. 
Each window has its own memory requirements, for which the stack is 
unsuited, but for which the heap is ideal. The key advantage to the heap is 
that it lets a program allocate and deallocate memory in the order needed, not 
just on a lifo basis. 

The disadvantage of the heap is that it can wind up in fragmented 
chunks. At some point a program might need more memory than is left in 
one chunk. To combat this possibility, the Memory Manager can move 
around remaining blocks of memory, consolidating them and creating larger 
blocks of unassigned memory. See Figure 10.3. The Memory Manager can 
only do this shuffling for a variety of heap memory called a "relocatable 
block." A second type of heap memory, called a "nonrelocatable block," 
stays put as long as your program runs. Of the two, the nonrelocatable 
block is the simpler, so we'll look at it first. 
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Fragmented 
heap 

Figure 10.3 

N onrelocatable Blocks 

Heap after 
consolidation 

Consolidating relocatable blocks 

A nonrelocatable block of heap memory is described by a pointer to the 
beginning of the block. Since the block remains put, the pointer remains 
valid for the duration of the program or until the program frees that block. 
C's malloc() (memory allocation) function can be used to obtain a block of 
the desired size and to return the address of the block. We had an example 
in Chapter 8, when we used these statements: 

grafptr gp; /* declares a pointer */ 
char *malloc(); /*gives function type*/ 

gp = (grafptr) malloc( sizeof (grafport) ); 
I* allocates memory and returns address value */ 

The malloc() function takes one argument: the number of bytes of 
memory required. It returns the address of the first byte of the assigned 
block of heap memory. The function type is pointer-to-char, as that is the 
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most elemental pointer type, pointing to just one byte. If the pointer is 
supposed to describe a larger unit, then you should use a type cast to 
convert the return value to a pointer to the correct type. The numerical value 
of the pointer is unchanged, but the interpretation of the pointer is altered. 
For example, the typecast above makes gp a pointer to a grafport structure, 
thus permitting the use of constructions like gp->portrect. 

The sizeof operator is very useful for memory allocation, for it yields 
the size, in bytes, of the following operand. The operand can be the name of 
a particular variable or the identifier for a type; if it is a type identifier, it 
should be enclosed in parentheses, as in the example above. 

The Memory Manager has a function (unimplemented in Level l Hippo 
C) called newptr() that works just like malloc(). 

It is important to realize that the program's only link to the allocated 
block of memory is the pointer. If you assign a new value to the pointer 
without saving the old value, the program will have no way to use what is 
in the block, even though the memory is still there. 

Let's look at a simple example illustrating where heap stuff gets 
placed. Here is another program that prints out addresses: 

char ext; 
main () 
{ 

char aut; 
char *pl, *p2; 
char *malloc(); 

I* two pointers to char */ 

pl= malloc( sizeof (char) ); /*allocate memory*/ 
p2 = malloc( sizeof (char) ); 
*pl= *p2 = 'Q'; 
printf("Addresses for ext,aut,pl,p2 = %u %u %u %u\n", 

&ext,&aut,&pl,&p2); 
printf("Addresses assigned to pl,p2 = %u %u\n", 

pl,p2); 
printf("Stored values= %c %c\n", *pl,*p2); 

Note the differences between &pl, pl, and *pl. The first is the 
address of the pl variable. Since pl is declared at the program head, it is an 
automatic variable, just like aut. But pl is the value stored at that location, 
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and it is the address of the newly allocated memory. Finally, *pl is the 
value stored in that newly allocated location. Now check out the printout: 

Addresses for ext,aut,pl,p2 36252 106823 106818 106814 
Addresses assigned to pl,p2 81476 81488 
Stored values = Q Q 

The heap area lies between that used for the external variable and the 
stack. Note that the heap addresses grow larger as new space is requested. 
The stack, recall, grows downward. See Figure 10.1. When the two meet, 
your program is out of memory. 

The preceding example was run from the Hippo C Command Window. 
Note what happens if we run it from HOS (the Hippo Operating System) 
instead: 

Addresses for est,aut,pl,p2 36336 106727 106722 106718 
Addresses assigned to pl,p2 36674 36686 
Stored values = Q Q 

The statically stored ext has the same address as before; the automatic 
variables have slightly different addresses, and the heap addresses are quite 
changed. Recall that the program itself is stored in the heap. When we run 
the program from HOS, the free part of the heap comes right after the end of 
the program, so the values returned by malloc() are only slightly bigger than 
the address of ext. When we run the program from the Hippo Command 
Window, however, a large section of heap is used up for programs and files 
used in that mode. In that case, the free area of the heap starts at a much 
larger memory location. 

When your program is done with using allocated memory, it should 
free it. In C this is done using the free() function. Its argument is a pointer 
previously assigned a value through malloc(). (The Memory Manager 
equivalent is disposeptr().) Thus, to free the memory assigned in the 
preceding example, we would use these statements: 

free(pl); 
free(p2); 
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Then later calls to malloc() could reuse those memory locations. The 
locations are said to be returned to the memory pool. 

Once again, the problem with nonrelocatable blocks of heap memory is 
that they can lead to a fragmented heap structure as memory is allocated and 
freed. So let's look at relocatable memory in the heap. 

Relocatable Blocks and Handles. The Macintosh uses a clever 
scheme to keep track of relocatable memory blocks in the heap. At the same 
time the relocatable block is alloted, a "master pointer" is also allocated in 
the heap. The master pointer contains the address of the block, but it (the 
pointer) is not relocatable. Finally, the address of the master pointer is 
assigned to a "handle" in the program requesting the memory. A "handle" is 
just a pointer to a pointer. 

What happens if the memory manager decides to move the relocatable 
block of memory? It moves the block, and places the new address in the 
master pointer. Note that both the master pointer and the memory block, like 
other memory locations in the heap, are nameless. The only way to access 
the block is to use the master pointer, and the only way to access the master 
pointer is to use the handle. By now, you probably have three questions on 
your mind. How do you declare a handle in C? How do you access the 
memory block using a handle? How do you request memory allocation 
using a handle? Whether or not those questions are actually on your mind, 
we will answer them now. 

First, how do you declare a handle? Suppose, for example, that we 
have allocated memory for a Pattern structure using relocatable memory. 
Then the handle would be type pointer-to-pointer-to-struct Pattern. We 
could declare the handle this way: 

struct Pattern **handlepat; /* pointer-to-pointer-to­
structure */ 

Or we could make use of Hippo C's data.h file, which includes this typedef: 

typedef struct Pattern pattern,*patptr,**patternhandle; 

This sets up pattern to represent the struct Pattern type, patptr to represent 
the type pointer-to-struct Pattern, and patternhandle to represent the type 
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pointer-to-pointer-to-struct Pattern. Then we could declare the handle this 
way: 

patternhandle handlepat; 

In both approaches, the double asterisk (**) ultimately is used to identify a 
pointer-to-pointer, or handle. 

That's how to define a handle in C, but how do we use it? First, 
suppose we have a handle for a simple type: 

int **inthndle; 

If inthndle has been made a handle to some particular integer value (i.e., if 
inthandle points to a pointer to an int), then we use double indirection to get 
the value. That is, we can have statements like this: 

finalscore = oldscore + **inthandle; 

Thus, **inthandle is the stored value. Also, *inthandle would be the 
address stored in the master pointer, inthandle would be the address of the 
master pointer, and &inthandle would be the address where inthandle itself 
is stored. If the block is moved, then the value *inthandle changes. Figure 
10.4 shows the effect on these values of relocating the block. 

More typically, the Macintosh system uses handles to structures. 
Suppose we have this declaration: 

pathandle spider; 
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This makes spider a handle to type pattern. Next, as discussed below, 
spider should be assigned a relocatable block. Now, since spider is a 
handle, *spider is syntactically the same as a pointer-to-pattern. We can use 
the indirect membership operator to obtain a structure element using a 
pointer, so we can refer to, say, the hotpoint member of the pattern structure 
as follows: 

(*spider)->hotpoint 

The-> operator has higher priority than*, so we use parentheses to indicate 
the proper sequence of operators. 

108200 108200 inthandle 

6239 6 

61480 **inthandle 

60400 *inthandle 60400 61480 *inthandle 

Before After 

Figure 10.4 Handle, master pointer and block 
before and after relocation 
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Finally, how do you get a handle? You need to work through the 
Toolbox Memory Manager, either directly or indirectly. The direct method 
involves using the newhandle() procedure, which fetches a handle for an 
arbitrary type. The indirect method is to use Toolbox functions that fetch 
handles for particular types. For instance, the newrgn() function returns a 
handle to a particular structure type called a region. Because Level 1 of 
Hippo C does not access newhandle(), we will illustrate handles using the 
second approach. For a context, we will tum once again to Quickdraw. 

First, however, let's summarize the methods of accessing heap 
memory. The first method is to request a pointer to a memory block. In C 
this is done with malloc(). This function allocates a nonrelocatable block of 
memory in the heap, and returns the beginning address of the block to the 
calling program; this address is assigned to the pointer. The second method 
is to request a handle to a memory block. Several Toolbox functions serve 
this purpose. Each allocates a relocatable block of memory in the heap and a 
master pointer in the heap. The address of the master pointer is returned to 
the calling program, where it is assigned to the handle. If the memory block 
gets moved, the master pointer gets updated. 

Handles sound complicated because so much has to be done. But most 
of the work is done by the Memory Manager, and programming using 
handles turns out to be quite simple. A good example is provided by the 
Quickdraw treatment of regions. Let's talk about them next. 

Regions 

The region is a more talented cousin to the rectangle. Recall that in 
Quickdraw, a rectangle structure is used to describe a rectangular area on the 
screen. Two kinds of functions are used with the rect structure. One set 
controls the parameters, or attributes, of the rectangle. For instance, 
setrect() sets the coordinates, offsetrect() shifts the coordinates, and 
insetrect() modifies the size of the rectangle. A second set of functions 
causes things to happen on the screen within the confines of the defined 
rectangle. For instance, framerect() draws a boarder, paintrect() paints 
in the rectangle, and eraserectO erases the interior of the rectangle. 

The region is a similar concept, except that a region is not limited to a 
rectangular shape. You can create whatever shape you like, within reason, 
for a region, and then you can manipulate it much as a rectangle is 
manipulated. That is, a region can be moved, altered in size, framed, 
painted, erased, and so on. 
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Because a rectangle is a simple figure, the definition of the rect 
structure was simple: 

typedef struct 
{ 

integer top,left, bottom,right; 

rect; 

But how can you define a structure to describe an as yet unspecified shape? 
On the Macintosh, it is done this way in Hippo C: 

struct Region 
{ 

} ; 

integer rgnsize; 
rect rgnbox; 

I* more data if not rectagular */ 

typedef struct Region *rgnptr,**rgnhandle,region; 

The first structure member, rgnsize, is the size of the structure in 
bytes. The second member is a rect structure that encloses the region. Then 
comes the tricky part, "more data if not rectangular." The Quickdraw 
package has a method of describing a nonrectangular region with a series of 
numbers. The Region structure gets expanded (or shrunk) as necessary to 
include that series of numbers. This changing structure size is why the first 
member of the structure provides the size explicitly. It's much like the 
Pascal string format, in which the first byte tells how long the whole string 
is. Here the first member tells how long the whole structure is. 

Special Quickdraw procedures generate the numbers to describe a 
particular region as a program is run. Thus the amount of memory needed 
for a Region structure is determined and can be changed during run time. 
This is exactly the type of situation for which relocatable heap memory and 
handles were intended. Consequently, the Quickdraw region functions are 
written using handles, not regions or pointers to regions. Let's look at some 
of these functions now. 
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Creating Regions 

To create a region, you need to go through three steps. First, you need 
to declare a region handle variable. In Hippo C you use the typedef type 
rgnhandle. Next, you allocate and assign a relocatable block of heap 
memory to hold the region. This is done using the newrgn() function. It 
takes no argument, allocates the memory space initially needed for the 
region, and returns a region handle value. Third, you create a description 
for the region. A selection of Quickdraw routines makes this simpler than 
what you might expect Let's look at an example that illustrates some of the 
simpler possibilities. The following program creates a region having the 
shape of a sideways T. It then performs such operations as painting, 
offsetting, shrinking, and inverting the region. Naturally, it uses several 
new Toolbox routines. 

From Mac's Toolbox: New Routines 

NewRgn 
SetRectRgn 
FrameRgn 
PtlnRgn 
UnionRgn 
DisposeRgn 
PaintRgn 
InsetRgn 
lnvertRgn 

Here's the program: 

Creates region and returns handle to it 
Set rectangle bounding a region 
Frame a region 
Returns true if mouse is in region 
Combine two regions 
Dispose of a region 
Paint a region 
Shrink a region 
Invert contents of a region 

/* regions.a -- make some simple regions */ 
:lf:include "data.h" 
:lf:include "stdio.h" 
main() 
{ 
rgnhandle first,second,third; /* declare 3 handles */ 
point mouse; 
rect mesg; 
rgnhandle newrgn(); /*declare type for 

newrgn() function */ 

initcursor (); I* set arrow cursor */ 
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eraserect(&theport->portrect); /*clear screen*/ 
setrect(&mesg,15,180,215,205); /*message box*/ 
first= newrgn(); /*allocate first region structure*/ 
second= newrgn(); 
third= newrgn(); 
setrectrgn(first,50,50,100,150); /* set first to a 

rectangle */ 
show region */ 
also set to a 
rectangle */ 

framergn(first); /* 
setrectrgn(second,100,80,180,120); /* 

framergn(second); 
moveto(20,200); 

I* show it */ 

drawstring(strctop("Click the left box")); 
getmouse(&mouse); 
while ( !button() I I !ptinrgn (mouse, first)) 

getmouse(&mouse); /*wait for mouse 
in region */ 

unionrgn(first,second,third); /*third combines 
2 rgns */ 

/* free memory */ 

click 

disposergn(first); 
disposergn(second); 
paintrgn (third) ; 
eraserect(&mesg); 
framerect(&mesg); 

I* show new region */ 

moveto(20,200); 
drawstring(strctop("Click this box") ); 
getmouse(&mouse); 
while ( !button() I I !ptinrect (mouse, &mesg) 

getmouse(&mouse); 
offsetrgn(third,150,0); 
paintrgn(third); 
insetrgn(third,20,5); 
invertrgn(third); 
eraserect(&mesg); 
moveto(20,200); 

I* shift region to 
I* show it */ 
I* modify region */ 
I* show it */ 

right */ 

printf("Structure third occupied %d bytes\n", 
(*third)->rgnsize); 

312 THE MACINTOSH C PRIMER 



Figures 10.5, 10.6, and 10. 7 show three stages of output from the 
program. Before running the program, we expanded the Hippo C 
Command Window to accommodate the expected output. 

Hippo~c Command Window 

J 

Click the left box 

Figure 10.5 Output from regions.c 

Let's discuss the new functions we have used. First, as promised, the 
newrgn() function returns a region handle and allocates space for the 
region structure. Note that we declared the function to be type rgnhandle, 
which is the typedef equivalent of pointer-to-pointer-to-struct Region. 

Next, the setrectrgn() function sets the named region, represented by 
its handle, to the rectangle described by the next four arguments. If the 
region were previously defined, the previous definition is wiped out. The 
rectangle arguments come in the same order as used in the setrect() function: 
left, top, right, bottom. The program sets up the regions first and second to 
be two adjacent rectangles. (Technically, first is not the name of the 
region-it is, in fact, nameless-but the handle to the region. But it is much 
simpler to say "region first" than it is to say "the region whose handle is 
first." We'll take the simpler way and trust you to understand what we 
really mean.) The rgnsize member of each structure would have the value 
10. The rgnsize member is one integer itself, and the rect structure is 
another 4 integers. Each integer is 2 bytes, making a total of 10. 
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Hippo-c Command Window 

I CI i ck this box 

Figure 10.6 Output from regions.c 

Hippo-c Command Window 

Structure third occupies 44 bytes 

Figure 10.7 Output from regions.c 
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The framergn() function talces a region handle as argument, and 
draws a border just inside the region boundary. Figure 10.5 shows the 
program at this stage. 

The ptinrgn() function works much like the ptinrect() function, 
except that its second argument is a region handle instead of a pointer-to­
rect The function returns a "true" (nonzero) value if the first argument (type 
point) is in the region, and "false" otherwise. We use it as part of the loop 
to freeze the screen until the user is ready to advance to the next stage of the 
program. 

Next, the unionrgn() function makes third into a region that is the 
union of first and second. The function talces three arguments. The first two 
are handles to the regions to be combined, and the third argument is a 
handle to resulting region. Note that this function does not create storage for 
the new region; it requires that we had used newrgn() earlier for that 
purpose. Also, the function does not alter first and second. They were used 
as a source of information for putting together the Region structure for 
third. 

This is our first nonrectangular region and it has the shape of a 
sideways T. The paintrgn() function, which talces a region handle as an 
argument, fills in the region so that you can see it on the screen. Figure 10.6 
captures this stage. 

The new region third can be manipulated. For example, the offsetrgn() 
function is used to move it 150 units to the right. This function talces three 
arguments: a region handle, a horizontal offset, and a vertical offset 

The program uses paintrgn() to show the new region location. Then 
insetrgn() is used to change the size of the region. It talces three arguments: 
a region handle, the horizontal inset, and the vertical inset. All points on the 
region boundary are moved inward vertically by the vertical inset and 
horizontally by the horizontal inset. Negative numbers indicate expansion. 

Then the program uses invertrgn() to invert the new region, malcing 
it show up as white against the black background of the preceding version 
of the region. Figure 10. 7 shows the program at this stage. 

The figure also exhibits the output of the printf() statement, revealing 
that the structure referred to by third occupies 44 bytes. Indeed, the 
structure has grown beyond the minimum of 10 bytes needed for a simple 
rectangular region. The Quickdraw system and the Memory Manager have 
done all the work for us. 
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Finally, the disposergn() function releases the allocated blocks of 
memory back to the memory pool. The memory is released anyway when 
the program ends, but it is a good idea to dispose of a region when you are 
done with it. That way, your program can use the memory for other needs 
later. 

The setrectrgn() and unionrgn() functions let you compose regions 
from rectangles. The arguments to unionrgn() need not be limited to 
contiguous rectangles. For instance, a region could consist of two 
nontouching rectangles. Or a third could be used as one of the initial 
arguments to unionrgn() and be combined with another region. 

Other routines that combine regions are sectrgn(), diffrgn(), and 
xorrgn(). All, like unionrgn(), take three arguments: handles to two 
"source" regions and a handle to a "destination" region. The sectrgn() 
routine provides a region that is the intersection (or overlap) of the first two 
regions. The diffrgn() function produces the region that results from 
subtracting the second source region from the first. The xorrgn() procedure 
produces the region consisting of everything that is in one source region or 
the other, but not in both. All of these procedures require that newrgn() be 
used first to provide memory space for the destination region. 

Another useful function is copyrgn(). It takes two region handles as 
arguments and copies the structure of the first into the second. Again, 
newrgn() should be used prior to this function to provide memory space. 

These various functions give you many ways to manipulate and 
modify regions. The most interesting approach, however, is provided by 
the openrgn() and closergn() functions. 

Designing Regions with openrgn() and closergn() 

The openrgn() function, which takes no arguments, announces your 
intention to create a region definition. You then can use line(), lineto(), and 
the various framing functions, such as framerect(), frameoval(), and 
framergn() to create one or more closed loops. These lines and shapes are 
saved, not drawn on the screen (unless you invoke pendown()). Then, a 
call to closergn() organizes the collection of lines and shapes into a region 
definition. The resulting region is saved in the region indicated by the region 
handle used as the argument to closergn(). 
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The next example uses this approach. 

From Mac's Toolbox: New Routines 

OpenRgn 
CloseRgn 

Prepare to define a region 
Use prior instructions to define region 

I* puff.c uses openrgn() to define a disjoint region */ 
#include "data.h" 
#include "stdio.h" 
main() 
{ 

rgnhandle sample; 
rect box; 
point mouse; 
rgnhandle newrgn(); 

initcursor (); 
eraserect(&theport->portrect); 
sample= newrgn(); 
openrgn(); /*prepare to define region*/ 

setrect(&box,40,50,100,90); 
frameoval (&box); 
offsetrect(&box,0,50); 
frameoval (&box); 
moveto(20,200); 
lineto(70,150); 
lineto(120,200); 
lineto(20,200); 

closergn(sample); /*set up region, assign to 
sample */ 

paintrgn(sample); /*see what it looks like*/ 
offsetrgn(sample); /*move region*/ 
paintrng(sample); 
getmouse(&mouse); 
while ( !button() 11 !ptinrgn(mouse,sample) ) 

getmouse(&mouse); 
insetrgn(sample, -10, 5); /*alter shape*/ 
offsetrgn(sample, 120, 5); 
paintrgn(sample); 
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Figure 10.8 shows the appearence of the screen after running this 
program. 

~o Hippo~c Command Window 

* 

Figure 10.8 puff.c output 

iii!!: 

I 
I 

We indented the portion of the program between openrgn() and 
closergn() to make the limits of the defining section obvious. Note that all 
three parts of the region are affected by the offsetrgn() and insetrgn() 
functions. Also, the ptinrgn() function will work if the mouse is in any one 
of the three parts. If you run the program, you'll note that the mouse has to 
be in one of the parts; simply being inside the boundary rectangle is not 
enough. 

The insetrgn() can alter the shape of a region. For example, insetting 
all boundary points vertically by 5 units while moving each point 
horizontally by 10 units results in the point of the triangle being truncated. 

The main point to notice is how simple it is to use the handles. 

Regions are very important to Macintosh programming. For instance, 
the structure region (include window and frame) of a window is a region, as 
is the content region, in which the text and graphics appear. If you 
understand regions, you will find it simple to use the Quickdraw picture and 
polygon structures, for they are developed along similar lines. 
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Describing a Region 

To use regions you don't really need to know how they are described 
internally, for the Quickdraw routines take care of the messy details. Still, 
most of us feel better when we have some idea of what is going on, so we'll 
describe the method now. 

A region is described in terms of its corners. Ultimately, each screen 
figure is made up of straight line segments. With a curved line, these 
segments might be only 1 or 2 pixels long, but they are still straight lines. 

The descriptive scheme goes like this. Start from the top of the region 
frame and move down row by row of pixels until you find a row containing 
one or more corners. Store the vertical coordinate of that row and the 
horizontal coordinates of all the corners on that row. Then store a 32767 to 
indicate no more corners in that row. Procede downward until the next row 
containing one or more corners, and repeat the process. Continue until you 
reach the end of the region shape, and store one additional 32767 to mark 
the end of all the data 

Let's see how this scheme applies to the sideways T we created for 
region third in regions.c. The first row with corners is row 50. The 
horizontal coordinates of the two corners are 50 and 100. Thus the region 
structure is expanded to hold the sequence 50 50 100 32767. Going down, 
the next row with corners has a vertical coordinate of 80. The horizontal 
corner coordinates are 100 and 180, so the sequence 80 100 180 32767 is 
stored. Next comes the sequence 120 100 180 32767, and finally the end of 
the region is represented by 150 50 100 32767 32767. Altogether, that 
makes 17 integers, or 34 bytes. Add that to the basic 10 bytes any region 
structure has, and you get 44 bytes, exactly the number reported back by the 
regions.c program when we ran it. Oh yes, the rgnbox member of the 
structure was set by the unionrgn() command to the smallest rectangle 
containing the actual region. 

Events 

In these last two programs, as well as others, we've used a while loop 
based on the mouse position to control the stopping and starting of program 
action. That approach has weaknesses that we've tried to conceal. For 
example, in regions.c, we used two separate areas in which to click the 
mouse. If, instead, we had used the left box for both click attempts, the 
program would run so fast that by the time you took your finger off the 
mouse button, the program would have passed though both click loops. As 
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a result, the program would go through to the end, and you would miss the 
intermediate halt. This particular programming can be solved by a more 
elaborate test that makes sure the button has to be up between while loops, 
but the Macintosh provides a better approach to controlling the program. 
That approach is to use the Event Manager. 

The "event" is one of the basic concepts in programming for the 
Macintosh. An event, according to Inside Macintosh, is a "notification to an 
application program of some occurrence that the program must respond to." 
The occurrences that get reported are happenings such as the mouse button 
being pressed, the mouse button being released, a key being depressed, a 
key being released, a window being activated or deactivated, a disk being 
inserted, an abort message, and a few others. 

The event itself is not the occurrence, but a Pascal record (or C struc­
ture) created to describe the particular occurrence. Each time you press a key 
or the mouse button, an event record is created. These are placed in the 
"event queue," which is the Event Manager's list of pending events waiting 
to be processed. Each event record contains several items of information, 
including the time and the type of event. A program can take events off the 
queue and process the ones relevant to the program. 

One motivation for developing the event queue system is the fact that 
the Macintosh takes input from both the keyboard and from the mouse. The 
event queue system lets a program deal with both sources of input in a 
unified fashion. 

The key Event Manager function for our purposes is getnextevent(). It 
procures the next event from the system. As each event is processed (or 
passed over, if unwanted), it is discarded from the queue. If getnextevent() 
fails to find an event when called, it returns a 0 ("false") value; otherwise it 
returns a true value. But before we can understand its use, we need to 
understand something about its arguments. Its first argument is type integer 
and represents an "event mask." That is, it describes the particular events 
the program wishes to process. The second argument is a pointer to an 
event record. When an event of a specified type shows up, information 
about it is transferred to the pointed-to record. We'll look at these two 
topics (event masks and event records) next. 

The Event Mask 

The event mask argument is a single number of Pascal type 
INTEGER, equivalent to Hippo C short or to integer as typedefed in the 
data.h file. Since this type is a 2-byte number, we can think of it as 16 1-bit 
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numbers. That, in fact, is what getnextevent() does. Each bit is a "flag" for 
a particular event; if a particular flag is set to 1, getnextevent() will look for 
the corresponding type of event. Figure 10.9 shows a two-byte integer 
considered as a mask. It follows the usual computer tradition of numbering 
the bits 0 to 15, from right to left. Note, for example, that bit 1 is the flag 
for detecting a "mouse down" event, while bit 3 is the flag for a "key down" 
event These will be the only two we will work with. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I I I I I I I I I I I I I I I I I 
\ )~ .llr: - CD 'O CD >- a. c a. c ... ... - CD - CD :::J ;: :::J ;: 0 0 ca - ca .llr: :::J 

I ·.:: ;: .Q > ... 'O >- 0 0 z c < ·- CD 0 'O CD 'O 
.~ 'O 

c - - 0 a. CD 0 () - ~ CD < c ::::> :::J >- :::J CD 
- CD 0 z < CD 0 ca c 0 
() ·- :::: .llr: ~ :E :::J ·-- 0 0 - CD :E a.,, ·-a. c 
< 

Figure 10.9 The event mask 

Next, let's see how to set a flag. When we look at the bit pattern as a 
binary number, each bit corresponds to a power of two. For example, bit 1 
corresponds to 2 to the first power (2), bit 2 corresponds to 2 to the second 
power (4), bit 3 corresponds to 2 to the third power (8), and so on. So, if 
eventmask is an integer, we can tum on the mouse-down flag by saying 

eventmask = 2; 

and we can use 

eventmask = 8; 

to turn the key-down flag on. But that also resets bit 1 to 0, turning the 
mouse-down flag back off. To tum on two or more flags simultaneously, 
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add their codes together. Thus, to turn on both the mouse-down and the 
key-down flags, do this: 

eventmask = 10; 

This works because 10 in binary (see Appendix C) is 1010, which sets bits 
3 and 1to1. 

To make the system a bit more mnemonic, the defs.h file supplies a list 
of definitions to use for the different flag settings. Here is a partial list from 
that file: 

#define NULLMASK 1 
#define MDOWNMASK 2 
#define MUPMASK 4 
#define KEYDOWNMASK 8 
#define KEYUPMASK 16 

Then, to detect both key-down and mouse-down events, we could use this 
statement: 

eventmask = MDOWNMASK + KEYDOWNMASK; 

The eventrecord Structure 

Next, let's look at the structure that getnextevent() fills. Here is its 
Hippo C definition: 

typdef struct 
{ 

integer what; 
longint message,when; 
point where; 
integer modifiers; 

event record; 

The longint type is a data.h equivalent for int. 
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The first member of the structure is the what member; it describes the 
type of event. Again a numerical code is used to indicate the type of event, 
and again, the Hippo C defs.h file provides mnemonic equivalents. Here are 
the first few: 

#define NULLEVENT 0 
#define MOUSEDOWN 1 
#define MOUSEUP 2 
#define KEYDOWN 3 
#define KEYUP 4 

Note that the event code is not the same as the event mask code. One 
reason for this is that the event code is supposed to indicate just one type of 
event, while the event mask code must be able to indicate several types of 
events simultaneously. There is a close connection between the two codes, 
however. The event code for a particular event is just the bit number of the 
corresponding event mask flag. 

Next in the structure comes the message member. It contains infor­
mation that depends on the type of event For window-related events, it 
contains a pointer to the window. For disk-drive events it specifies the 
drive. For keyboard events, it indicates which key is involved. The low­
order byte (bits 0 through 7) contains the character code for the key or key 
combination. The next byte (bits 8 through 15) contains a key code as 
defined by Apple. The remaining two bytes are empty. The message mem­
ber is not used for mouse events. 

The when member contains the time in ticks (one-sixtieth second) since 
system startup. 

The where member contains the position of the mouse when the event 
occurred. The position is in "global" coordinates rather than in the "local" 
coordinates used in Quickdraw. Without going into the differences, we will 
note that getmouse(), which is also part of the Event Manager, supplies 
local coordinates. Hence it is better to use getmouse() than the where 
member when you check to see if the mouse is in a rectangle or in a region. 

The modifiers member indicates the state of the mouse button and of 
the modifier keys ([OPTION], [CAPSLOCK], [SHIFT], and 
[COMMAND]) when the event is recorded. This member also uses the bit 
flag approach, with a 1 indicating the key or button that is down. Here is the 
mapping: 
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Bit Key 

11 [OPflON] 
10 [CAPSLOCK] 
9 [SHI.FT] 
8 [COMMAND] 
7 Mouse Button 

As you can see, the event record contains a wealth of information. 
Usually, however, your program will need to use only some of the 
information. 

Using getnextevent() 

Let's make a very elementary use of getnextevent(). Suppose we want 
a program to wait for the mouse button to be pushed down. Then we can 
ask getnextevent() to look only for mouse down events. For example, we 
can use the following elements: 

#include "data.h" /* definition of eventrecord */ 
#include "defs.h" /* event and event mask definitions */ 

eventrecord event; 

while ( !getnextevent(MDOWNMASK, &event) ) 
; I* wait for next mousedown */ 

The getnextevent() function will keep examining and discarding events 
until a mouse-down event reaches the head of the queue. When the next 
event is not a mouse-down event or when the event queue is empty (the null 
event), the function returns a "false" value, and the loop continues to cycle. 
The only use this makes of event is to provide getnextevent() with the 
proper arguments. Instead, the return value of the function is used to control 
the program flow. 

124 THE MACINTOSH C PRIMER 



Let's try out this construction. 

From Mac's Toolbox: New Routines 

GetNextEvent Screens event queue for selected events 

#include "data.h" 
#include "defs.h" 
main () 
{ 

rect box; 
eventrecord event; 
int loop; 

initcursor(); 
eraserect(&theport->portrect); 
setrect(&box,20,20,490,300); 
framerect(&box); 
for ( loop = 0; loop < 10; loop++) 

{ 
insetrect(&box,20,10); 
while ( !getnextevent(MDOWNMASK, event) 

I* wait for mouse down */ 
framerect (&box); 
} 

This program draws a sequence of nested rectangles; you should 
expand the Hippo C Command Window to full screen to accommodate the 
largest rectangle. The point of the exercise is that after drawing each 
rectangle, the program stops and doesn't continue until you push the mouse 
button. Thus, each push of the mouse button produces a new rectangle until 
the program ends. 

Suppose we had used our old standby instead: 

while ( !button() ) 
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The first time you push the button, all the remaining rectangles get drawn. 
The reason, as we said earlier, is that the Macintosh is much faster than 
your fingers. Before you release the mouse button, the Mac manages to go 
through the entire for loop. Every time it reaches the while loop, the button 
is still down. 

With the getnextevent() approach, we avoid that problem. As long as 
you hold the button down, no more mouse events are created. Mouse events 
only occur when you press the button and when you release the button. 
Thus the next mouse-down event is generated only after you release the 
button and press it again. One way of expressing the difference is that 
getnextevent() reports events, or changes of state, while button() reports a 
condition. 

Using the what Member 

One important method of utilizing getnextevent() is to use the what 
member of the event structure to guide the program flow. For instance, the 
program can take one course of action if the mouse button is pushed, and a 
separate course if a key is pushed. Here is a template for this approach: 

#include "data.h" 
#include "defs.h" 

eventrecord event; 
integer eventmask = MDOWNMASK + KEYDOWNMASK; 

while ( !getnextevent(eventmask, &event) ) 
{ 
switch (event.what) 

{ 
case MOUSEDOWN: 

case KEYDOWN: 

default: 
} 

break; 

break; 

When an event selected by the event mask shows up, the switch 
statement selects a course of action based on the value of the what member. 
There should be a case selection for each kind of event specified in the event 
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mask. The default case shouldn't show up, but it is good practice to 
program defensively. 

The next program uses this device. It places a framed circle in the 
middle of the screen. When you click the mouse button, the program paints 
in the circle, draws a new framed circle at the location of the mouse, and 
connects the two with a straight line. This continues until you strike a key. 
It's a simple-minded concept, but it illustrates how to blend mouse and 
keyboard input to control a program. The program creates its own grafport 
so that it will have the whole screen to work with. Here is the listing: 

I* balldraw.c -­
#include "data.h" 
#include "defs.h" 
#include "stdio.h" 
#define HALFH 10 
#define HALFV 10 
#define PENW 4 
#define FALSE 0 
#define TRUE 1 
main () 

chase the cursor */ 

I* half width of ball */ 
/* half height of ball */ 

/* pen size */ 

{ 

integer hor,ver; 
integer eventmask 
eventrecord event; 
rect box; 
grafptr gp, gpsave; 
point mouse; 

I* coordinates */ 
MDOWNMASK + KEYDOWNMASK; 

integer done = FALSE; /* is the program done? */ 
char *malloc(); 
gpsave = theport; 
gp = (grafptr) malloc 
openport (gp); 
initcursor () ; 
pensize(PENW,PENW); 

I* save Hippo C's grafport */ 
( sizeof (grafport) ); 
I* set up own grafport */ 

eraserect(&gp->portrect); 
framerect(&gp->portrect); 
hor = (gp->portrect.left + gp->portrect.right) I 2 
ver = (gp->portrect.top + gp->portrect.bottom) I 2 
setrect (&box, hor-HALFH, ver- --, 

HALFV,hor+HALFH,ver+HALFV); ~ 
moveto(hor-PENW/2,ver-PENW/2); /*offset for pen 

width */ 
frameoval(&box); 

while ( ! done ) 
{ 

/*draw initial circle at screen 
center */ 
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while ( !getnextevent(eventmask, &event) ) 
/* wait for an event */ 

switch (event.what) 
{ 
case MOUSEDOWN: getmouse(&mouse); 

hor = mouse.h; 
ver = mouse.v; 
lineto(hor-PENW/2,ver-PENW/2); 
paintoval(&box); /*fill in old ball*/ 
setrect(&box,hor-HALFH,ver-HALFV, 

hor+HALFH,ver+HALFV); 
frameoval (&box); 
break; /* break from switch */ 

case KEYDOWN : done = TRUE; /* sign to quit */ 
eraserect(&gp->portrect); 
break; 

case default : done = TRUE; 
eraserect(&gp->portrect); 
moveto(20,50); 
drawstring( 

strctop("Something's wrong!") ); 
break; 

closeport (gp) ; 
setport(gpsave); 

Figure 10.10 shows some sample output from the program. 

The program uses elements that we have discussed before, so there is 
not much that needs to be said. One point that may seem obscure is the 
PENW /2 offset we used for the moveto() and lineto() statements. The 
reason for this usage is that the upper left comer of the pen is aligned with 
the coordinates in a lineto() or moveto() call. The offset is used to bring the 
center rather than the corner of the pen pattern near the center of the circle. 

In discussing the Event Manager, we have concentrated on 
getnextevent(). We have, however, used other functions from that 
manager: button(), getmouse(), and tickcount(). This is not a complete list; 
but, as we have confessed before, we just can't hope to cover the whole 
Toolbox. 
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Figure 10.10 Output from balldraw.c 

Files 

Files are another topic we can't discuss in entirety. Macintosh files store 
many varieties of material, including programs, text documents, and 
graphics documents. Apple chose to structure each file into two parts: a 
"data fork" and a "resource fork." Although both parts are always present, 
one or both can be empty. 

The data fork contains the text in a text file, data for a spreadsheet 
program, and the like. The resource fork contains programming, if any, in 
the 68000 machine language used by the Macintosh. It may contain other 
resources, such as font information or window data, to be used by a 
program. 

The File Manager handles the creation and manipulation of files, and it 
does so to a degree of detail that we don't wish to go into. Instead, we will 
look at the basics of opening and using a file in C, and not worry about the 
elaborations required to make a program work like a standard Macintosh 
application. 
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Our simple-minded goal is to write a program that requests the user to 
supply a filename and then counts the number of bytes in that file. To do 
that, we need to learn about C's file-handling system. 

C and Files 

Most C implementations provide a package of file-related functions 
called the standard I/O package; the standard file stdio.h supports this 
package with shared definitions used by the functions. A key definition is of 
type FILE. In Hippo C, it is defined this way: 

typedef struct 
{ 

int *file; 
char flag, type; 

FILE; 

The key point is that FILE is a structure containing information about a 
file. For instance, the members file and type identify which file and what 
kind of file it is. Many C I/O functions, when dealing with a file, identify it 
not by name, but by a pointer to a FILE structure. Fortunately, we don't 
have to specify the structure contents ourselves; that's taken care of by the 
function that opens the file. 

Let's get more specific. Suppose you want your program to open the 
data fork of a file called myfile and read what is in it. Then you use the 
fopen() function. It takes two arguments. The first is a pointer to the name 
of the file to be opened, and the second is a string indicating what is to be 
done with the file. Here are the choices for the second argument: 

Argument 

"r" 
"r+ .. 
"w" 
"w+" 
"a+" 
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Meaning 

read only (no modifications allowed) 
read/write 
delete existing file and open write only 
delete existing file and open read/write 
append in read/write mode 



The fopen() function has a return value, a pointer-to-a-FILE structure 
set up to describe the requested file. If fopen() fails to open a file, it returns 
a pointer-to-NULL. 

The basic call to fopen(), then, would have these elements: 

FILE *fp, *fopen(); /*declare pointer, function type*/ 

fp = fopen("myfile","r"); 

Usually, the value of fp will be compared with NULL to see if the file was 
opened successfully. 

Once a file is opened for reading, it can be read by file input functions. 
The input functions we've used before all have file-reading equivalents. The 
names are changed slightly, and an argument (a pointer-to-FILE) is added to 
specify the file to be read. For example, in Hippo C we could use any of 
these statements for the "myfile" file: 

ch= fgetc(fp); /* getchar() analog*/ 
fscanf(fp,"%d", &number); /* scanf() analog*/ 
fgets(line,81,fp); /*we've seen this one already*/ 

We've used fgets() before, using stdin to specify that it read the 
standard input. It turns out that stdin and stdout are predefined (in stdio.h) 
identifiers of type pointer-to-FILE. Thus, all these functions can be used 
with standard input, too, just by using stdin as the file identifier. 

Incidentally, many implementations use the name getc() instead of 
f getc() for the character-reading function. For compatibility, Hippo C 
defines the two names as being equivalent in stdio.h. 

After processing a file, use f close() to close the file. Again, the 
argument should be the pointer provided by fopen(). 

Here is a short program illustrating these fundamental points. 

/* bytecount.c -- counts bytes in a file */ 
#include "stdio.h" /* absolutely essential */ 
main() 

A MAC MISCELLANY 331 



int bytes = 0; 
char filename[Bl]; 
FILE *fp; 
FILE *fopen(); 

fputs("Enter name of file whose bytes are to be 
counted:\n",stdout); 

scanf("%80s", filename); 
if ( (fp = fopen (filename, "r")) == NULL ) 

{ 
printf("Can't open the file %s\n", filename); 
exit(); /*quit if in trouble*/ 
} 

while ( fgetc(fp) != EOF ) 
bytes++; /* count bytes till EOF */ 

close(fp); 
printf("File %s contains %d bytes\n", 

filename,bytes); 
} 

In interpreting the if condition, recall that the value of an assignment 
expression is the value of the left-hand member. Thus, the if condition first 
assigns a value to the pointer fp and then compares that value to NUIL. If it 
is NULL, then fopen() failed. In that case, the program prints a message 
and exits. (The exit() function causes a program to terminate in a tidy 
fashion. Any opened files get closed) 

Since the program doesn't do anything with the bytes it reads aside 
from checking for EOF, we didn't assign fgetc()'s return value to a 
variable. 

Here is a sample run: 

* a.out 
Enter name of file whose bytes are to be counted: 
data.h 
File data.h contains 4731 bytes 

Notice that we had to run the program from a keyboard-oriented 
environment. A truly Mac-like program would use windows and menus to 
arrange file selection and to report output, but the inner core of the program 
could be the same. 
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We sampled the file input functions, now let's list the output functions 
briefly, indicating the arguments; fp will indicate a pointer-to-FILE. 

fprintf(fp,format,arguments) /*works like printf() */ 
fputs(line,fp) /*a familiar function*/ 
fflush(fp) /* flushes output buffer 

to fp */ 

We discussed buffered output back in Chapter 3. Normally, the output 
functions send output to an intermediate buffer. The contents of the buffer 
are sent on to the file when the buffer fills or when a newline is transmitted. 
The fflush() function lets you force transmission at any time. 

Binary 110 

The I/O functions we've discussed do text 1/0. The character functions 
transmit a single character, and the other functions transmit strings of 
characters. Even when you use printf() or scanf() in the %d mode, they 
work with characters. For instance, when you enter the number 234, you 
separately type the characters "2", "3", and "4". The scanf() function reads 
them as a character string, then converts them to the binary number that 
finally gets stored. Similarly, the printf() function sends a series of charac­
ters to the screen. 

When the file output functions we've discussed are used to write to 
files, they create text files, files consisting of a sequence of characters. 
Similarly, the input functions we've discussed are designed to read text 
files. However, C also offers functions to let a program read and write 
binary files. 

A binary file is one that stores data in the same form that it is stored in 
a program. For a character, there is no difference, since a character occupies 
one byte in either case. For numerical data, however, there is a difference. 
For example, all short integers on a Macintosh occupy two bytes of 
memory. If we store a short integer in a binary file, it will occupy two bytes 
of file space. If we store a short integer in a text file, however, it can occupy 
from one byte (as does the number "3") to six bytes (as does the number 
"-23224"), depending on the number of characters needed to represent the 
number. 

The C binary output function is called fwrite(). It takes four argu­
ments. The first argument is a pointer to the location in program memory 
from which it is to start taking data. The second argument is the size, in 
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bytes, of the chunk of memory it is to write. The third argument is the 
number of chunks, and the final argument is a pointer-to-FILE identifying 
the target file. Suppose, for instance, we wanted to store the contents of an 
array of ints. We could do something like this: 

int nights[lOOl]; 
FILE *fp, *fopen(); 

fp = fopen("scheher", "w"); /*ignore error checking*/ 

fwrite(nights, sizeof(int), 1001, fp); 

First, nights, being the name of an array, is a pointer to the first element of 
the array. Next, sizeof(int) indicates the size of the unit to be read. Then 
1001 indicates how many of these units, and fp specifies the file. If this 
fragment were run under an implementation that used a different size for int, 
it would still run because it explicitly checks for the int size. Incidentally, 
instead of using 1001 int chunks we could have used just one huge chunk: 

fwrite(nights, 1001 * sizeof(int), 1, fp); 

One advantage of using a binary file is that data can be recovered easily 
by using the same format for reading that was originally used to write the 
file. (This is not the case when you use fprintf() and scanf().) The binary 
read function is called (surprise!) fread(). It, too, takes four arguments with 
more or less the same significance. The main difference is that the first 
argument is a pointer to the initial address of the block of program memory 
where the data is to be placed. For example, to recover data from the 
scheher file, we could do this: 

int tales[lOOl]; 
FILE *pf, *fopen(); /*no law says you have to use fp */ 

pf= fopen("scheher", "r"); 
fread(tales, sizeof(int), 1001, pf); 

Just be sure that you have allocated enough memory to hold what is read. 
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Sound Programming 

An interesting aspect of the Macintosh is that it treats device drivers 
(programs that run devices) as files. For example, if we wish to run the 
speaker, we do so by opening a "file" called .sound. Once the file is open, 
we can use fwrite() to send instructions to sound the speaker. Before we 
rush to open that file, however, we should look into what kind of 
instructions we can send. 

The sound driver expects a sequence of short (INTEGER) integers. 
These are normally arranged in a structure, but the form of the structure is 
variable. In all cases, however, the first member of the structure is a mode 
integer instructing the driver which sound mode to use. 

Sound Modes. The sound driver has three modes: square wave, free 
form, and four tone. These are indicated by negative mode number, zero 
mode number, and positive mode number, respectively. 

The square wave mode produces a buzzy sound quality that many 
associate with electronic noise makers. It is the simplest kind for the 
computer to produce. It just has to provide a constant voltage for fixed 
periods of time to the speaker. 

The four tone mode produces a more musical tone. In fact, it produces 
four of them simultaneously, each with its own distinct characteristics. 
Since each tone requires the computer to provide rapidly varying voltages, 
this mode demands more time of the computer. It also requires more 
programming effort. 

The free form mode lets you design the sound quality. It is intended to 
synthesize music and speech. It, too, is more demanding of the computer 
and of the programmer. 

The Square Wave Structure. We'll follow the simplest path for 
computer and programmer and develop a square wave example. The 
appropriate structure begins with the mode integer, which should be 
negative; -1 will do fine. Next, the structure should contain one or more 
packets of three short integers. This can be handled by a substructure of the 
following form: 

struct tone 
{ 

short count, amplitude, duration; 
} ; 
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Here count determines the pitch of the note, amplitude determines the 
loudness, and duration determines the duration. We'll return to the scaling 
of these parameters in a moment. But first, here are two possible structure 
forms for transmitting to the sound driver: 

struct squarewave 
{ 

short mode; 
struct tone shape; 

}; /* sends one note to the sound driver */ 

struct squarewaves 
{ 

short mode; 
struct tone shapes[24]; 

}; /* sends 24 notes to the sound driver */ 

We'll use both forms soon. First, however, let's examine the three 
members of the tone structure. 

First, the count member determines the pitch, or frequency of the 
note-that's the number of oscillations per second. Human hearing covers 
the range from 20 Hertz to 20,000 Hertz. (The Hertz is a frequency unit 
corresponding to what used to be called a cycle per second.) Voice sounds 
are usually in the range 200 Hertz to 800 Hertz. The count determines the 
speaker frequency according to this formula: 

frequency = 783360 I count 

However, the speaker can't reproduce some extreme frequencies that you 
may feed it 

Next, the amplitude member can range from 0 to 255, with the larger 
numbers being louder. 

Finally, the duration member gives the note duration in ticks; 
remember that 1 tick is one-sixtieth of a second. 

Using Square Waves. We've put together a program that makes naive 
use of the sound driver. Instead of carefully selecting count values to 
represent specific notes, it uses a loop to assign progressively increasing 
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values; this translates to progressively lower notes. The loop index is also 
used to vary the amplitude and duration members to add variety. 

We've run the driver in two ways. First, we use the squarewave 
structure to describe a single note. A for loop revises the description and 
uses fwrite() to send a sound request each cycle of the loop. Meanwhile, the 
loop also stores up the separate descriptions in the array of tone members of 
the squarewaves structure. Then, after the loop is finished, all 24 notes are 
sent in one fwrite() call. Although the 24 fwrite() calls in the loop and the 
single fwrite() call after the loop send the same note information to the 
driver, the results sound different. The reason is that in the first case various 
program steps, including separate fwrite() calls, are executed between each 
note. 

Here is the program; run it and hear it: 

I* soundoff.c -- make some noises */ 
:#:include "stdio.h" 
:#:define SWMODE (-1) /* square wave */ 
:#:define TIMES 24 
struct tone 
{ 

short count,amplitude,duration; 
} ; 

struct squarewave 
{ 

short mode; 
struct tone shape; 

} ; 
struct squarewaves 
{ 

short mode; 
struct tone shapes[TIMES]; 

} ; 
main() 
{ 

short loop; 
struct squarewave wave; 
struct squarewaves waves; 
FILE *fp, *fopen(); 

if ( (fp = fopen (".sound", "w") ) == NULL 
{ 
printf("Can't open sound driver\n"); 
exit(); 
} 
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waves.mode 
for ( loop 

{ 

wave.mode = SWMODE; 
l; loop <= TIMES; loop++) 

waves.shapes[loop - 1) .amplitude = 
wave.shape.amplitude= 80 * (loop% 3 + l); 

waves.shapes[loop - 1) .duration= 
wave.shape.duration= loop; 

waves.shapes[loop - 1) .count= 
wave.shape.count = 350 * loop; 

fwrite(&wave, sizeof(struct squarewave), 1, fp); 
} 

fwrite(&waves,sizeof(struct squarewaves), 1, fp); 
fclose(fp); 

Note that we made use of the fact that C allows us to use the 
assignment operator more than once in a statement. Note, too, that each call 
to fwrite() sends just one structure to the driver; the final call, however, 
sends a larger structure. 

A Soundmouse Experiment 

Let's tie some of the elements of this chapter together by using the mouse to 
control sounds. Here is the plan. Create a new grafport with a nice clean 
screen. Use getnextevent() to look for mouse-down and key-down events. 
If the mouse button is pressed down, find out where the mouse is and use 
its coordinates to control the loudness and pitch of the sound. Have the 
sound continue as long as the button is held down. If a key is pressed, have 
the program halt. 

We have already developed nearly all the necessary elements for this 
approach. The one missing ingredient is the waitmouseup() function from 
the Event Manager. It is called after a mouse-down event and returns "true" 
if the mouse button is still down as a result of that particular mouse event. If 
the button is not down, the function removes the corresponding mouse-up 
event from the queue and returns "false." 

From Mac's Toolbox: New Routines 

Wai tMouse Up True if button still down after last mouse 
event 
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Here is the program listing: 

#include "data.h" 
#include "defs.h" 
#include "stdio.h" 
#define SWMODE (-1) 
#define QUARTERSECOND 15 
#define FALSE 0 
#define TRUE 1 

struct tone 
{ 

short count,amplitude,duration; 
} ; 
struct squarewave 
{ 

short mode; 
struct tone shape; 

} ; 

main() 
{ 

integer eventmask = MDOWNMASK + KEYDOWNMASK; 
eventrecord event; 
grafptr gp, gpsave; 
point mouse; 
boolean done = FALSE; 
FILE *fp, *fopen(); 
char *malloc(); 
void soundmouse(); 

gpsave = theport; 
gp = (grafptr) malloc( sizeof(grafport) ); 
openport (gp) ; 
eraserect(&gp->portrect); 
initcursor(); 
if ( (fp = fopen(".sound", "w") ) ==NULL 

{ 
printf("Can't open sound driver\n"); 
exit(); 
} 

while ( ! done) 
{ 
while ( !getnextevent(eventmask,&event) ) 

; I* wait for mouse down or key down */ 
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switch(event.what) 
{ 

case MOUSEDOWN : while ( waitmouseup() ) 

case KEYDOWN 
default 

{ 
getmouse(&mouse); 
soundmouse(mouse.h,mouse.v,fp); 
} 

break; 

done = TRUE; 
break; 

I* end of switch */ 
} /* end of while */ 

fclose(fp); 
closeport (fp); 
setport(gpsave); 

void soundmouse(h,v,fp) 
short h,v; 
FILE *fp; 
{ 

struct squarewave wave; 

wave.mode = SWMODE; 
wave.shape.duration = QUARTERSEC; 
wave.shape.amplitude = 255 - v * 30 /41; 
wave.shape.count= 400 + 7 * (512 - h); 
fwrite(&wave,sizeof (struct squarewave), 1, fp); 

Note that we opened the sound driver in the main program rather than 
in soundmouse(). Thus we had to pass the FILE pointer to soundmouse() 
so that it would know where to write. Putting the file opening in 
soundmouse() would require opening and closing the file every function 
call, a rather inefficient way of doing things. 

The formulas used to assign values to the amplitude and count 
members were devised to produce reasonable values for possible mouse 
positions. With this setup, low pitch comes from mouse to the left, and low 
volume comes from mouse to the bottom of the screen. 

If you move the mouse while keeping the button pressed, the pitch will 
change, updating the mouse position (and hence note) before each call to 
soundmouse(). Or you can move with the button up, producing separate 
noises. 
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This program gives you plenty of opportunity for play. You can 
superimpose a pattern of keys on the screen and set the pitch according to 
which key the cursor is in. You can alter the cursor to a note or a finger tip. 
You can have a small circle indicate the current and previous note. You can 
develop your own possibilities. 

The earlier versions of the Macintosh Toolbox did not include routines 
for the sound driver, but the later versions do. However, at the time this is 
written, Hippo C, Level 1 does not support those Toolbox routines. 
Nonetheless, the standard C fwrite() function lets you make music anyway. 

Summary 

The Macintosh software system is organized into several managers, each 
with particular areas of responsibilities. Three managers often drawn upon 
by the others are Quickdraw (the screen manager), the Memory 
Manager, and the Event Manager. 

Macintosh programs use three kinds of memory: static, stack, and 
heap. Static memory is set at compilation time and is used for external and 
static variables. Stack memory is used for the automatic variables generated 
by functions as they are called. When a function dies, the stack memory it 
used is freed. Heap memory is used for memory allocated dynamically as 
the program runs. Nonrelocatable heap memory is referenced using a 
pointer value returned by C's malloc() function. Relocatable heap memory 
is referenced through a handle value returned by an appropriate Toolbox 
function. When heap memory gets too fragmented, the Memory Manager 
rearranges relocatable blocks to open up larger blocks of free memory. Thus 
relocatable blocks are the preferred form for many kinds of structures. 

The Quickdraw region structure offers a good example of the use of 
handles. It is also of interest because it lets you define regions of arbitrary 
shape and perform operations upon them. 

The Event Manager keeps track of various input events (mouse, 
keyboard, disk drive, and so on), places them in a queue and makes them 
available to a program in an organized, coordinated fashion. The 
getnextevent() function lets a program screen events, accepting only those 
that concern it. 

Files can be open, read, and written to using the C standard I/O 
library. Device drivers, such as the sound driver, are treated as files. 
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Conclusion 

You have come a long way, both in C and in Macintosh lore, since starting 
this book. You have seen most of the major features of the C language. The 
only major topic not covered is C's ability to operate directly on individual 
bits. Since Pascal lacks that ability, it is not required for the use of Toolbox 
routines. If you are interested in the subject, please read Appendix D, which 
covers C's bit operations. 

What you have seen of the Macintosh, however, only scratches the 
surface of its wealth of routines. But the parts you have seen are perhaps 
the most essential ones, and understanding them greatly facilitates learning 
the rest of the system. 

What comes next? You can study Apple's Inside Macintosh manual. 
Not only does it describe all the toolbox routines, it also discusses each of 
the event managers. Other books, such as S. Chemicoff's Macintosh 
Revealed, (volumes one and two) (Hayden, 1985) provide a condensed 
version of the manual. These books, however, do not go deeply into 
describing how to put the pieces together to program the Macintosh. For a 
guide to Macintosh programming, you can try Christopher L. Morgan's 
Hidden Powers of the Macintosh (New American Library, 1985). This 
book uses a small subset of Toolbox routines, but systematically develops 
the use of the various managers and shows how to put programs together. 

These books are written from a Pascal viewpoint. But the experience 
you've gained in working with the Toolbox and the guidelines we've 
provided for making the transition from Pascal to C put you in a good 
position to continue your education. Good luck, and good programming! 
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A 
Keywords in C 

The keywords of a language are the words used to express the actions of 
that language. The keywords of C are reserved; that is, you can't use them 
for other purposes, such as for the name of a variable. 

Program Flow Keywords 

Loops: for while do 

Decision and Choice: if else switch case default 

Jumps: break continue goto 

Data Types 

char int short long unsigned 
float double struct union typedef 

Storage Classes 

auto extern register static 

Miscellaneous 

return sizeof asm endasm 
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B 
Operators 

C is rich in operators. Here we will present a list grouping them by class. 
Next, we will summarize the operators except for the bitwise operators, 
which are discussed in Appendix D. Finally, we present a table of 
operators, indicating the priority ranking of each and how each operator is 
associated. 

The C Operators 

Arithmetic Operators: + * I % ++ 

Assignment Operators: = += -= /= *= %= 

Relational Operators: < <= == >= > != 

Logical Operators: '' 11 

Pointer-related Operators: ' * 

Structure and Union Operators: -> 

Bitwise Operators: ' 
A >> << I= &= 

"'== >>= <<= 

Grouping Operators: () {} 

Miscellaneous Operators: sizeof , (type) ? : 
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I. Arithmetic Operators 

+ Adds value at its right to the value at its left 

Subtracts value at its right from the value at its left 

As a unary operator, changes the sign of the value to its 
right 

* Multiplies value at its right by the value at its left 

/ Divides value at its left by the value at its right. Answer is 
truncated if both operands are integers 

% Yields the remainder when the value at its left is divided 
by the value to its right (integers only) 

++ Adds 1 to the value of the variable to its right (prefix 
mode) or of the variable to its left (postfix mode) 

Like ++, but subtracts 1 

II. Assignment Operators 

= Assigns value at its right to the variable at its left 

Each of the following operators updates the variable at its left by the 
value at its right, using the indicated operation. We use r-h for right-hand, 
1-h for left-hand. 

+= adds the r-h quantity to the 1-h variable 

-= subtracts the r-h quantity from the 1-h variable 

*= multiplies the 1-h variable by the r-h quantity 

/= divides the 1-h variable by the r-h quantity 

% = gives the remainder from dividing the 1-h variable by the 
r-h quantity. 
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Here is an example: 

frogs *= 2; is the same as frogs = frogs * 2; 

III. Relational Operators: 

Each of these operators compares the value at its left to the value at its 
right. The relational expression formed from an operator and its two 
operands has the value 1 if the expression is true and the value 0 if the 
expression is false. 

< less than 

<= less than or equal to 

== equal to 

>= greater than or equal to 

> greater than 

!= unequal to 

IV. Logical Operators 

Logical operators normally take relational expressions as operands. 
The! operator takes one operand, and it is to the right. The rest take two: 
one to the left, one to the right. 

& & Logical AND: the combined expression is true if both 
operands are true, and it is false otherwise. 

I I Logical OR: the combined expression is true if one or both 
operands are true, and it is false otherwise. 

Logical NOT: the expression is true if the operand is false, 
and vise versa. 
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VI. Pointer-Related Operators 

& The address operator: when followed by a variable name, 
gives the address of that variable: 

&nanny is the address of the variable nanny 

* The indirection operator: when followed by a pointer, gives 
the value stored at the pointed-to address: 

nanny = 22; 
ptr = &nanny; /* pointer to nanny */ 
val = *ptr; 

The net effect is to assign the value 22 to val. 

VI. Structure and Union Operators 

The membership operator (the period) is used with a 
structure or union name to specify a member of that 
structure or union. If name is the name of a structure and 
member is a member specified by the structure template, 
then name .member identifies that member of the structure. 
The membership operator can also be used in the same 
fashion with unions. 

Here is an example: 

struct 
int code; 
float cost; 
} item; 

item.code = 8472; 

This assigns a value to the code member of the structure 
item. 

-> The indirect membership operator is used with a pointer to a 
structure or union to identify a member of that structure or 
union. Suppose ptrstr is a pointer to a structure and that 
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member is a member specified by the structure template. 
Then ptrstr .member identifies that member of the pointed­
to structure. The indirect membership operator can be used 
in the same fashion with unions. 

Here is an example: 

struct { 
int code; 
float cost; 
} item, *ptrst; 

ptrst = &item; 
ptrst->code = 8281; 

This assigns a value to the code member of item. The 
following three expressions are equivalent: 

ptrst->code item.code (*ptrst) .code 

VII. Grouping Operators 

( ) Override precedence; expressions inside parentheses are 
evaluated first 

{ } Block delimiters; statements within a brace pair constitute a 
"block", or compound statement, which is treated as a 
single statement. 

VIII. Miscellaneous Operators 

sizeof Yields the size, in bytes, of the operand to its right The 
operand can be a type-specifier in parentheses, as in sizeof 
(float), or it can be the name of a particular variable or 
array, etc., as in sizeof foot. 

(type) Cast operator: converts following value to the type specified 
by the enclosed keyword(s). For example, (float) 9 
converts the integer 9 to the floating-point number 9.0. 
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The comma operator links two expression into one and 
guarantees that the left-most expression is evaluated first. A 
typical use is to include more information in a for loop 
control expression: 

for ( step = 2, fargo = 0; 
fargo < 1000; step *= 2) 

fargo += step; 

? : The conditional operator takes three operands, each of 
which is an expression. They are arranged this way: 

expressionl ? expression2 : expression3 

The value of the whole expression equals the value of 
expression2 if expressionl is true, and equals the value 
of expression3 otherwise. 

Here are some examples: 

5 > 3 ? 1 2 has the value 1 

3 > 5 ? 1 2 has the value 2 

a > b > ? a : b has the value of the larger of a or b 
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Table of Operators 

OPERATORS ASSOCIATIVITY 
(from high to low priority) 

o { l -> L-R 
! - ++ -- - (type) * & sizeof (all unary) R-L 
* I % L-R 
+ - L-R 
<< >> L-R 
< <= > >= L-R 

!= L-R 
& L-R 

L-R 
L-R 

&& L-R 
11 

?: 
+= *= /* %= 

L-R 
L-R 
R-L 
L-R 
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c 
Binary, Octal, 
and Hexadecimal Numbers 

Binary Numbers 

The way we usually write numbers is based on the number 10. Perhaps 
you were once told that the number like 4652 has a 4 in the thousand's 
place, a 6 in the hundred's place, a 5 in the ten's place and a 2 in the one's 
place. This means we can think of 4652 as being 

4 x 1000 + 6 x 100 + 5 x 10 + 2 x 1. 

But 1000 is 10 cubed, 100 is 10 squared, 10 is 10 to the first power, and, 
by convention, 1 is 10 ( or any positive number) to the zero power. So we 
also can write 4652 as 

4 x 10 3 + 6 x 102 + 5 x 101 + 2 x 10°. 

Because our system of writing numbers is based on powers of ten, we say 
that 4652 is written in base JO. 

Presumably, we developed this system because we have 10 fingers. A 
computer bit, in a sense, only has 2 fingers, for it can be set only to 0 or 1, 
off or on. This makes a base 2 system natural for a computer. How does it 
work? It uses powers of 2 instead of powers of ten. For instance, a binary 
number such as 1101 would mean 

1 x 23 + 1 x 22 + o x 21 + 1 x 2°. 
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In decimal numbers this becomes 

1 x 8 + 1 x 4 + 0 x 2 + 1 x 1 = 13. 

The base 2 (or "binary") system lets one express any number (if you 
have enough bits) as a combination of ls and Os. This is very pleasing to a 
computer, especially since that is its only option. Let's see how this works 
for a 1-byte integer. 

A byte contains 8 bits. We can think of these 8 bits as being numbered 
from 7 to 0, left to right. This "bit number" corresponds to an exponent of 
2. Imagine the byte as looking like this: 

bit number 7 6 5 4 3 2 1 0 

value 128 64 32 16 8 4 2 1 

Here 128 is 2 to the 7th power, and so on. The largest number this 
byte can hold is one with all bits set to 1: 11111111. The value of this 
binary number is 

128 + 64 + 32 + 16 + 8 + 4 + 2 + 1 = 255. 

The smallest binary number would be 00000000, or a simple 0. A byte can 
store numbers from 0 to 255 for a total of 256 possible values. Or, if it is a 
signed byte, it can store the values -128 to 127. 

Signed Integers 

How does the computer represent a negative number? Perhaps the most 
obvious way would be to use the left-most bit to represent the sign, with 0 
indicating a positive number, and 1 a negative number. This has been done, 
but the method is inconvenient in practice. For one thing, it produces two 
zero values: plus zero and minus zero. The Macintosh uses a different 
system, one called the "two's complement". 
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To see how the scheme works, let's work with a single byte example. 
With the two's complement approach, the numbers 0 through 127 represent 
themselves, while the numbers 128 through 255 represent the negative 
numbers -128 through -1. Note that in this scheme that a 1 in the left-most 
bit does indicate a negative number, for the numbers 128 to 255 all have that 
bit set to 1. So, if we have a signed byte, and if the left-most bit is a one, 
we subtract 256 from the stored number to get the actual value. Thus, if 255 
is stored (all ls), we subtract 256, getting a value of -1. Going the other 
direetion, if you want to store a value of -30, the computer will subtract 30 
from 256 and store 226. In general, the absolute value is subtracted from 
one plus the maximum unsigned number. Thus, if -30 were to be stored in a 
short integer, the actual value stored would be 65536 - 30, or 65506. 

One consequence of this approach is that the same bit pattern could 
mean -30 or 65506, depending on whether the computer thinks a location 
holds a signed or unsigned quantity. To check out the system, assign a 
negative number to a signed short integer, then print it out using both the 
%d and the %u modes. 

Other. Bases 

Computer workers often use number systems based on 8 and on 16. Since 
8 and 16 are powers of 2, these systems are more closely related to a 
computer's binary system than is the decimal system. 

Octal 

"Octal" refers to a base 8 system. In this system, the different places 
in a number represent powers of 8. We use the digits 0 to 7. For example, 
the octal number 451(written0451 in C) represents 

4 x g2 + 5 x gl + 1 x gO = 297 (base 10) . 

Hexadecimal 

"Hexadecimal" (or "hex") refers to a base 16 system. Here we use 
powers of 16 and the digits 0 to 15. But since we don't have single digits 
to represent the values 10 to 15, we use the letters A to F for that purpose. 
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For instance, the hex number A3F (written OxA3F or Oxa3f in C) represents 

10 x 162 + 3 x 161 + 15 x 160 = 2623 (base 10) . 

Conversions to and from Binary 

Converting from binary to octal or hexadecimal and back is simple 
because the various bases are all powers of two. Because eight is the third 
power of two, each octal digit corresponds to three binary digits. Similarly, 
because sixteen is the fourth power of two, each octal digit corresponds to 
four binary digits. Let's see how this works. 

For octal numbers, the rule is to convert each octal digit to the 
corresponding three binary numbers. Suppose we have the octal number 
06. This is 6 in decimal and 110 in binary. Okay, now consider 066. Each 6 
is represented by the same binary pattern, 110, so the binary equivalent is 
110110. What about 061? We must remember to represent the octal 1 by a 
three-digit binary number; that is, we must use 001, and not just 1. Thus the 
binary equivalent of 061 is 110001. 

To go from binary, to octal, just reverse the process. Starting from the 
right, break up the binary number into groups of three digits and translate 
each group of three to the corresponding octal digit. Suppose a byte 
contains the pattern 01011101. Think of the number as looking like this: 

001 011 101 

We added an extra 0 to the left to make the final group three digits. Well, 
001 is just 1 in octal, 011 is 2 + 1, or 3, and 101 is 4 + 1, or 5. This makes 
the octal equivalent 0135. 

With hexadecimal, we use the same general method, except each digit 
corresponds to a four-digit binary number. For example, Ox6 becomes 
0110. This really is the same value as octal 06, but now consider Ox66. 
This becomes 01100110, which is quite different from octal 066 
(00110110), for now one of the extra Os comes in the middle of the 
number. 
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Keep in mind that hexadecimal has the extra digits A,B,C,D,E, and F. 
Try converting OxC4. C is 12 in decimal, or 8 + 4, making it 1100 in 
binary. The 4 is 0100, so OxC4 becomes 11000100 in binary. 

Going from binary to hex, break up the number into groups of four 
digits. Let's go back to 01011101 and convert it this time to hex instead of 
octal. First, break it up into groups of four: 

1011 0011 

The pattern 1011 is 8 + 2 + 1, or 11 in decimal, and Bin hex. Similarly, 
0011 is 3, so 10110011 becomes OxB3 in hex. 

The following table shows the relationship between decimal, binary, 
octal, and hexadecimal numbers. 

Decimal Binary Octal Hexadecimal 

0 00000000 0 0 

1 00000001 1 1 

2 00000010 2 2 

3 00000011 3 3 

4 00000100 4 4 

5 00000101 5 5 

6 00000110 6 6 

7 00000111 7 7 

8 00001000 10 8 

9 00001001 11 9 

10 00001010 12 A 

11 00001011 ll B 

12 00001100 14 c 
13 00001101 15 D 

14 00001110 16 E 

15 00001111 17 F 

Table C.1 Conversion Table 
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D 
Bit Fiddling 

Some programs need (or, at least, appreciate) an ability to manipulate 
individual bits in a byte or word. For example, often 1/0 devices have their 
options set by a byte in which each bit acts as an on-off flag. C has two 
facilities to help you manipulate bits. The first is a set of 6 "bitwise" 
operators that act on each bit of a number individually. The second is the 
field data form, which gives you access to bits within an int. We will out­
line these C features here. 

Bit Operators 

C offers bitwise logical operators and shift operators. In the following, we 
will write out values in binary notation so you can see the mechanics. In an 
actual program, you would use integer variables or constants written in the 
usual forms. For instance, instead of (00011001), you would use 25 or 
031 or Ox19. For our examples, we will use 8-bit numbers, with the bits 
numbered 7 to 0, left to right. 

Bitwise Logical Operators 

These four operators work on integer-class data, including char. They 
operate on each bit independently of the bit to the left or right. 

One's complement, or bitwise negation. This unary 
operator changes each 1 to a 0 and each 0 to a 1. Thus 

-(10011010) == (01100101). 

& Bitwise AND. This binary operator makes a bit-by-bit 
comparison between two operands. For each bit ppsition, 
the resulting bit is 1 only if both corresponding bits in the 
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operands are 1. (In terms of true-false, the result is true 
only if each of the two bit operands is true.) Thus 

(10010011) & (00111101) == (00010001) 

since only bits 4 and 0 are 1 in both operands. 

·I Bitwise OR. This binary operator makes a bit-by-bit 
comparison between two operands. For each bit position, 
the resulting bit is 1 if either of the corresponding bits in the 
operands are 1. (In terms of true-false, the result is true if 
one or the other bit operands is true or if both are true.) 
Thus 

Usage 

(10010011) I (00111101) == (101111111) 

since all bit positions but bit 6 have the value 1 in one or the 
other operands. 

Bitwise EXCLUSIVE OR. This binary operator makes a 
bit-by-bit comparison between two operands. For each bit 
position, the resulting bit is 1 if one or the other (but not 
both) of the corresponding bits in the operands are 1. (In 
terms of true-false, the result is true if one or the other bit 
operands -- and not both.-- is true.) Thus 

(1-0010011) A (00111101) == (10101110) 

Note that since bit position 0 has the .value 1 in both 
operands, that the resulting 0 bit has value 0. 

These operators often are used to set certain bits while leaving others 
unchanged. For example, suppose we #define MASK to be 2, i.e., binary 
00000010, with only bit number 1 being nonzero. Then the statement 

flags = flags & MASK; /* set all but MASK bits to 0 *I 
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would cause all the bits of flags (except bit 1) to be set to 0, since any bit 
combined with 0 via the & operator yields 0. Bit number 1 will be left 
unchanged. (If the bit is 1, then 1 & 1 is 1, and if the bit is 0, then 0 & 1 
is 0. 

Incidentally, the bitwise operators also have an assignment version. 
That is,· the preceding statement could be replaced with this: 

flags &= MASK; 

Similarly, either 

or 

flags = flags I MASK; 

I* set MASK bit, leaving others unchanged */ 
flags I= MASK; 

will set bit number 1 to 1 and leave all the other bits unchanged. This 
follows because any bit combined with 0 via the I operator is itself, and any 
bit combined with 1 via the I operator is 1. 

Suppose you want to tum a particular bit off. We can do this: 

I* turn MASK bit off, leave others unchanged */ 
flags &= -MASK; 

Here the negation operator turns all the Os of MASK to 1, and the the 1 to 0. 
A 1 ANDed with any bit is just the bit, so all those bits are unchanged. A 0 
ANDed with any bit is 0, so the bit originally corresponding to the MASK 1 
(and -MASK o) is set to 0. 

Our examples used a mask with a single 1, but they apply equally well 
to masks with multiple ls. 
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Bitwise Shift Operators 

These operators shift bits to the left or right. Again, we will write 
binary numbers explicitly to show the mechanics. 

<< Left Shift. This operator shifts the bits of the left operand 
to the left by the number of places given by the right 
operand. The vacated positions are filled with Os and bits 
moved past the end of the left operand are lost. Thus 

(10001010) << 2 == (00101000) 

where each bit is moved 2 places to the left. 

>> Right Shift. This operator shifts the bits of the left oper­
and to the right by the number of places given by the right 
operand. Bits moved past the right end of the left operand 
are lost. For unsigned types the places vacated at the left 
end are replaced by Os. For signed types, the result is 
machine dependent. The vacated places may be filled with 
Os, or they may be filled with copies of the sign (left-most) 
bit. The Macintosh uses the second approach. Thus, a 
negative number remains negative when right-shifted, for 
there is still a one in the left-most bit.. 

Usage 

For an unsigned value, we have 

(10001010) >> 2 == (00100010) 

where each bit is moved 2 places to the right, and Os are 
shifted into the two left-most bits. 

For a signed value, we have 

(10001010) >> 2 == (11100010) 

where each bit is moved 2 places to the right, and the two 
left-most bits are filled with the original left-most bit. 

These operators provide swift, efficient multiplication and division by 
powers of2: 
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number << n multiplies number by 2 to the nth power. 

number >> n divides number by 2 to the nth power if number is 
not negative. 

This is analogous to the decimal system procedure of shifting the 
decimal point to multiply or divide by 10. 

When the bits represent pixels, these operators let you shift patterns on 
the screen from left to right and vise versa. Of course, bits disappear when 
they reach the end of the integer. 

Fields 

The second method of manipulating bits is to use a field. A field is just 
a set of neighboring bits within an int or unsigned int. A field is set up via a 
structure definition, which labels each field and determines its width. The 
following definition sets up four 1-bit fields: 

struct { 
unsigned autfd 1; 
unsigned bldfc 1; 
unsigned undln 1; 
unsigned itals 1; 
} prnt; 

The variable prnt now contains 4 1-bit fields. The usual structure 
membership operator can be used to assign values to individual fields: 

prnt.itals 0; 
prnt.undln l; 

Because each field is just 1 bit, 1 and 0 are the only values we can use 
for assignment. 

The variable prnt is stored in an int-sized memory cell, but only 4 bits 
are used in this example. 
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Fields aren't limited to 1-bit sizes. We can do this: 

struct { 
unsigned codel 2; 
unsigned code2 2; 
unsigned code3 8; 
} prcode; 

This creates 2 2-bit fields and 1 8-bit field. We can make assignments 
such as 

prcode.codel 0; 
prcode.code2 3; 
prcode.code3 102; 

Just make sure that the value doesn't exceed the capacity of the field. 

What if the total number of bits you declare exceeds the size of an int? 
Then the next int storage location is used. A single field is not allowed to 
overlap the boundry between two ints; the compiler automatically shifts an 
overlapping field definition so that the field is aligned with the int boundry. 
If this occurs, it leaves an unnamed hole in the first int. 

You can "pad" a field structure with unnamed holes by using unnamed 
field widths. Using an unnamed field width of 0 forces the next field to 
align with the next integer: 

struct { 
fieldl 1; 

2; 
field2 l; 

0; 
field3 l; 
} stuff; 

Here, there is a 2-bit gap between stuff. fieldl and stuff. field2; 
and stuff. field3 is stored in the next int. 
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One important machine dependency is the order in which fields are 
placed into an int. On some machines the order is left-to-right, and on 
others it is right-to-left. For this reason, bit fields can cause problems when 
transporting a program from one machine to another. 
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E 
Macintosh ASCII Table 

Dec Hex Oct Binary ASCII 

0 00 00 00000000 HUL 
0 I 0 I 00000001 SOH 

2 02 02 00000010 STX 
3 03 03 00000011 ETX 
4 04 04 00000100 EOT 
5 05 05 00000101 EHQ 
6 06 06 00000110 ACK 
1 01 01 00000111 BEL 
B OB 1 0 00001000 BS 
9 09 11 00001001 HT 
1 0 OR 1 2 00001010 LF 
11 OB 1 3 00001011 UT 
1 2 oc 1 4 00001100 FF 
1 3 OD I 5 00001101 CR 
1 4 OE 1 6 00001110· so 
1 5 OF 17 00 O 0 I 111 SI 
1 6 1 0 20 00010000 OLE 
1 7 11 21 00010001 OCI 
1 B I 2 22 00010010 OC2 
1 9 1 3 23 00010011 OC3 
20 1 4 24 00010100 OC4 
21 1 5 25 00010101 NAK 
22 1 6 26 00010110 SYH 
23 17 27 0 0 0 I 0 I I 1 ETB 
24 1 B 30 00011000 CRH 
25 1 9 31 00011001 EM 
26 1 A 32 00011010 SUB 
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Dec Hex Oct Binary ASCII 

27 1 6 33 0 0 0 I I 0 I I ESC 

26 I C 34 00011100 FS 

29 1 0 35 0001 1 I 01 GS 

30 1 E 36 0001 I 1 1 0 RS 

31 I F 37 0 0 0 I 1 I 1 1 us 
32 20 40 00100000 SP 

33 21 4 I 00100001 

34 22 42 00100010 

35 23 43 00100011 IS 

36 24 ii 00100100 $ 

37 25 45 00100101 % 

38 26 46 00100110 & 

39 27 47 00100 I I 1 

40 28 50 00101000 

4 I 29 .51 00101001 

42 2A 52 00101010 * 
43 26 53 0 0 I 0 I 0 I I + 

44 2C 54 00101100 

45 20 55 00I01 1 0 I 

46 2E 56 00101110 

47 2F 57 0 0 I 0 I 1 1 I I 
48 30 60 00110000 0 

49 31 61 00110001 

50 32 62 00110010 2 

51 33 63 0 0 I 100 I I 3 

52 34 64 00110100 4 
53 35 65 001 1 0 I 0 I 5 

54 36 66 0 0 I 1 0 I I 0 6 

55 37 67 0 0 I I 0 I I I 7 

56 38 70 00111000 8 

57 39 71 0 0 I 1100 I 9 

58 3A 72 0 0 I 1 I 0 I 0 

59 36 73 0 0 I I 1 0 1 1 

60 3C 74 0 0 I I I I 0 0 < 
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Dec Hex Oct Binary ASCII 

61 30 7S 001 1 11 O 1 = 

62 3E 76 o·o 1 1 11 1 0 > 
63 3F 77. 0 0 1 1 1 111 ? 

6i iO 1 0 O 01000000 @ 

6S i 1 101 01000001 A 

66 i2 1 02 01000010 B 

67 i3 103 01000011 c 
6B ii 1 0 i 01000100 0 

69 iS 1 OS 01000101 E 

70 i6 106 01000110 F 

71 i7 1 07 01000111 G 

72 iB 11 0 01001000 H 

73 i9 111 01001001 I 

7i iA 11 2 01001010 J 

7S iB 11 3 01001011 K 

76 iC 1 1 i 01001100 L 

77 iO 11 s 01 001 1 01 M 

7B iE 1 1 6 010011 1 0 H 

79 iF 11 7 01OO1111 0 

BO so 1 2 0 01010000 p 

B 1 S 1 1 21 01010001 Q 

B2 S2 122 01010010 R 

B3 S3 1 2 3 01010011 s 
Bi Si 12i 01010100 T 

BS SS 12S 01 O 1 01 O 1 u 
B6 S6 1 2 6 0101011 0 u 
B7 S7 127 01 0 1 0 1 1 1 u 
BB SB 130 01011000 x 
B9 S9 1 31 O 1 O 1 1 001 y 

90 SA 1 32 0 1 0 1 1 01 0 2 

91 SB 1 3 3 01011011 [ 

92 SC 1H 0 1 0 1 1 1 0 0 \ 
93 so 1 3S 01 0 1 11 0 1 ] 

9i SE 136 0 1 0 1 1 1 1 0 
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Dec Hex Oct Binary ASCII 

95 SF 1 37 0 1 0 1 1 1 1 1 

96 60 1 4 0 01100000 

97 61 1 4 1 01100001 Cl 

96 62 142 01100010 b 

99 63 1 4 3 01100011 c 

1 0 0 64 144 01100100 d 

101 65 145 01100101 e 

1 0 2 66 1 4 6 01100110 f 

103 67 147 01 1 001 1 1 g 

1 O 4 66 150 01101000 h 

1 05 69 1 5 1 01101001 

106 6A 152 01101010 j 

1 0 7 6B 153 01101011 k 

1 06 6C 154 01101100 

109 60 1 5 5 01101101 m 

1 1 0 6E 1 5 6 011 0111 0 n 

1 1 1 6F 157 01 1 0 1 1 1 1 0 

11 2 70 1 6 0 01110000 p 

11 3 71 1 61 01110001 q 

11 4 72 1 6 2 0111001 0 r 

11 5 73 1 6 3 01 1 1 001 1 s 

1 I 6 74 1 6 4 011101 0 O t 

1 I 7 75 1 6 5 0111 01 01 u 

1 I 6 76 1 6 6 0 I 11011 0 u 

1 1 9 77 1 6 7 01110111 w 

1 2 0 76 1 7 0 01 1 I IC 0 0 x 

. I 21 79 I 71 011 I 1001 y 

122 7A 1 72 O 1111O1 0 z 
I 2 3 7B 173 011 11011 { 

1 2 4 7C 174 01111100 I 
125 70 1 7 5 011 I 1101 } 

126 7E 1 7 6 011 1111 0 

1 2 7 7F 1 7 7 0 1 1 1 1 1 1 1 DEL 

1 26 60 200 10000000 R 

372 MACINTOSH C PRIMER PLUS 



Dec Hex Oct Binary ASCII 

129 B 1 201 10000001 ~ 
1 3 0 B2 202 10000010 c 
1 31 B3 203 1 0000011 ~ 

1 32 B4 204 10000100 R 
133 B5 205 100001 01 0 
1 34 B6 206 10000110 0 
1 35 B7 207 1 000011 1 6 

136 BB 210 10001000 cl 

1 37 B9 2 1 1 10001001 a 
1 3B BA 21 2 10001010 a 
1 3 9 BB 213 10001011 a 
140 BC 21 4 10001100 a 
1 41 BO 21 5 10001101 9 
1 4 2 BE 21 6 1O0O111 O e 
1 4 3 BF 21 7 1 0 0 0 1 1 1 1 e 
144 90 220 10010000 e 
1 4 5 91 221 10010001 e 
1 4 6 92 222 10010010 

1 4 7 93 223 10010011 

1 4 B 94 224 10010100 

1 4 9 95 225 10010101 

150 96 226 1001O11 O n 
1 51 97 227 1 0 0 1 0 1 1 1 6 

152 9B 230 10011000 0 

1 5 3 99 2 31 10011001 0 

1 5 4 9A 232 1001101 0 0 

1 55 9B 233 10011011 0 

156 9C 234 10011100 u 
157 90 235 10011101 u 
1 5 B 9E 236 1 0 0 1 11 1 0 u 
159 9F 237 1 0 0 1 1 1 1 1 Q 

160 AO 2 41 01000000 

1 61 A 1 2 4 1 10100001 0 

1 62 A2 242 10100010 ¢ 
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Dec Hex Oct Binary ASCII 

I 6 3 A3 243 I 0 I 0 00 I I £ 

I 6 4 A4 244 I O 00100 § 

I 65 AS 245 I 0 0 0 I 0 I • 
166 A6 246 I 0 0 0 I I 0 Ill 
I 6 7 A7 247 I 0 0 0 I I I 0 
I 6 B AB 250 I 0 01000 Ql 

169 A9 2 51 I 0 0 I 0 0 I (8 

170 AA 252 1 0 01 0 1 0 

1 7 1 AB 253 1 O 01011 

I 7 2 AC 254 IO 0 I I 0 0 

173 AO 255 I O 0 I I 0 I ;e 

174 RE 256 IO 0 1 I 1 0 fE 

175 AF 257 1 0 01111 0 

176 BO 260 10 10000 

1 7 7 B 1 261 I 0 I 0001 ± 

1 7 B B2 262 10110010 i 

I 7 9 B3 263 10110011 ~ 

I B 0 B4 264 10110100 ¥ 
1B1 BS 265 10110101 µ 

I B 2 66 266 10110110 i) 

I B 3 B7 267 10110111 ~ 

1 B 4 BB 270 10111000 II 

1B5 B9 271 10111001 Tr 

I B 6 BA 272 I 0 I 1 1 0 I 0 f 
I B 7 BB 273 10111011 g 

I BB BC 274 10111100 Q 

I B 9 BO 275 10111101 Q 

I 9 0 BE 276 10111110 

I 91 BF 277 10111111 0 

I 92 co 300 I 1000000 l 
I 9 3 CI 301 11000001 

I 9 4 C2 302 11000010 

1 95 C3 303 I I 0 0 0 0 I I .J 

1 9 6 C4 304 11000100 f 
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Dec Hex Oct Binary AS CTI 

I 97 cs 305 1000I01 ~ 

1 96 C6 306 100O11 O 6 

1 99 C7 307 000111 « 
200 ca 31 0 001000 , 
201 C9 311 001001 
202 CA 312 00101 0 

203 CB 31 3 001011 ~ 
2 01 cc 311 0011 00 R 
2 05 co 315 001101 0 
206 CE 31 6 00111 0 IE 

207 CF 31 7 001111 18 

206 00 320 010000 

209 01 321 01O001 
2 I 0 02 322 01001 0 " 
21 I 03 323 010011 " 
21 2 01 321 010I00 

21 3 05 325 11010I01 
211 06 326 1101011 0 + 

215 07 327 11010111 • 
216 06 330 11011000 g 
21 7 09 331 11011.001 ~ 
216 DA 332 1101101 0 

219 OB 333 II 011011 

220 DC 331 1101110 0 

221 00 335 11011101 
222 OE 336 1101111 0 

223 OF 337 11011111 
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! 105 
!= 49,99 
#define59 
#include 61 
% 30 
%=93 
&& 107 
& 75, 134 
* 29, 136 
*=93 
++ 51 
+ 28 
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'116 
-28-29 
-= 93 
-> 190 
I 29 
I= 93 
< 99 
<= 88, 99 
=27 
== 45, 99 
> 99 
>=99 
? 117 
\0 222 
\n 19 
11107 

address operator 75, 134 
AND operator 107 
arguments 35, 120-124 
array in a structure 200-201 
array initialization 173 
array 164-177 
arrays and functions 170-177 
arrays and pointers 167-170 
arrays and records 265-266 
arrays of arrays 201-209 

arrays, 
functions and two-dimensional 

206-210 
initializing two-dimensional 203 
two-dimensional 201-209 

ASCII code 53 
assembly language 6 
assignment operators 93-93 
auto 145 
automatic variables 144 

binary JJO 333-334 
binary numbers 53, 355 
bit 52 
bitwise operators 361-368 
bkpat 281 
block 86 
branching 85 
break 111 
buffer 44, 47 
button() 105 
byte 52 

c preprocessor 59-61 
case 111 
char24 
char 52-57 
character arrays 223 
character constants 54 
character storage 52 
character strings 66, 221-258 
charwidth() 251, 255 
closeport() 277 
closergn() 316 
comma operator 116 
comments 20 
compiled language 7 
compound statement 48, 86 
conditional expressions 99-118 
conditional operator 117 
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continue 110 
control statements 85-118 
copyrgn() 316 
cursor() 288-291 
cursor, 

hotspot 288 
mask 288 

data fork 329 
data.h 270 
declaring variables 23-25 
default 112 
defs.h 271 
diffrgn() 316 
disposeptr() 305 
disposergn() 316 
do ... while loop 88-89 
double 65 
drawchar() 80, 251 
drawstring() 82, 251, 256 
drawtext() 251, 256 
dynamic memory allocation 273 

end-of-file 57 
entry condition loop 88 
eof57 
eraserect() 183 
escape sequences 55 
event mask 320-322 
eventrecord structure 322 
events 319-328 
exit condition loop 88 
expressions 33 
extern 147 
external static storage class 149 
external static variables 144 
external storage class 146-148 
external variables 144 

false 100 
fclose{) 331 
fflush{) 333 
fgetc() 331 
fgets() 233 
fgets() 331 
FILE 330 
files 329-334 
fillpat 281 
fillrect() 281 
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float 25, 65 
floating point types 65 
flushing 47 
fopen() 330 
for loop 89-93 
format specifier 70, 76 
fprintf{) 333 
fputs() 227, 333 
frameoval() 184 
framerect() 184 
framergn() 315 
fread() 334 
free() 277, 305 
fscanf() 331 
function pointers 215-217 
function types 126-131 
functions 4, 18-22, 35-42, 119-161 
fwrite() 333 

getc() 331 
getchar() 20, 44 
getfontinfo{) 251 
getmouse{) 289 
getnextevent() 320, 324 
global variables 144 
goto 109 
Grafport 271-291 

handles 306-309 
heap 274, 299 
heap memory 302-309 
heap, 

nonrelocatable blocks 303 
relocatable blocks 306-309 

hexadecimal 358 
hidecursor() 19 
Hippo C, using 10-14 

identifiers 25 
if...else 45, 97-99 
if96 
increment operator 51, 102 
index() 241 
index 164 
indirect membership operator 190 
indirect value operator 136 
initcursor() 289 
initializing variables 50 
insetrect() 186 



int 24, 62 
integer division 30 
integer representation 64 
integer types 62-65 
invertoval() 185 
invertrectO 198 
invertrgn() 315 
IJO functions 43-52 
isalnum() 104 
isalpha() 103, 104, 236 
isdigit() 10-~ 
islower() 104 
ispunct() 104 
isspace() 104 
isupper() 104 

jt_theport 273 

keywords 3, 345 

line() 280 
logical operators 105-108 
long 63, 65 
looping 85 

machine language 6 
Macintosh Toolbox 4 
macros 155-159 
main() 18, 119 
malloc() 274, 303 
managers 5 
master pointer 306 
membership operator 179 
memory allocation 274 
memory management 298-309 
menu-selection 114 
moveto() 280 
multiple-file programs 149-151 

nested loops 93-95 
newhandle() 309 
newline character 19 
newptrO 304 
newrgn() 309, 311 
newrgn()313 
NOT operator 105 
NULL234 
null character 222 
numbers 53 

octal 357 
offsetrect 186 
openport() 277 
openrgn() 316 
operators 27-35, 347 
operator precedence 30 
operators, table of 353 
OR operator 107 

paintrgn() 315 
Pascal TYPE definitions 267 
Pascal procedures and functions 

259-263 
Pascal to C 261-277 
Pascal types 264 
passing by value 38 
pattern construction 283-285 
patterns 281-287 
pen parameters 278-280 
pennormal() 280 
pensize() 280 
pintrect() 198 
pnmode278 
pnpat 278 
pnsize 278 
pnvis 278 
pointer and array 209-210 
pointer arithmetic 142-144 
pointers as arguments 139-142 
pointers 76, 134-144 
portbits 272 
postfix form 102 
prefix form 102 
printf() 18, 67-74, 226 
ptinrect() 289 
ptinrgn() 315 
putchar()46 
puts() 228 

random() 278 
rect structure 181 
recursion 151-154 
regions 309-319 
register variable 145 
relational operators 99 
resource fork 329 
return value 39, 125-130 
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scanf() 74-79, 231 
scope 144-151 
sectrgn() 316 
setcursor() 289 
setport() 277 
setrect() 184 
setrectrgn() 313, 316 
short 62 
showcursor() 19 
sizeof274 
.sound 335 
sound driver 335-340 
sprintf() 239 
stack 273, 298, 300-302 
standard input 44 
standard library 4 
statements 33 
static memory 298, 299 
static storage class 148 
static variables 144 
stdin 234 
stdio.h 21, 58, 61 
stdout227 
strcat() 235, 238 
strcmp() 235-236 
strcopy() 238 
strcpy() 235 
strctop() 82, 250 
string 110 225-235 
string constants 222 
string format conversion 249-250 
string functions 235-249 
string pointers 224 
string variables 223 
strings, 

Macintosh Pascal 249-257 
initialization 223 

stringwidth() 255-256 
strlen() 235 
strncat() 238 
strncpy() 235 
strptoc() 250 
struct 178 
struct rect 181 
structure in a structure 199-200 
structure member, type of 179 
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structures 178-191 
structures, 

arrays of 195-98 
passing by value 190 
pointers to 188-190 

stuffhex() 285 
subscript 164 
switch 111-114 

tag 178 
testsize() 255 
textface() 251 
textfont() 251, 277 
textmode() 251 
textsize() 79, 251 
textwidth() 251, 255 
theport 251, 254, 272 
tickcount() 185 
tolower() 236 
Toolbox 297 
top-down programming 17 
toupper() 236 
true 100 
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type conversions131'-133 
typedef210-215 

unionrect() 293 
unionrgn() 315-316 
unions 268-270 
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variable parameter 261 
variables 23 
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void 128 

wait() 185 
waitmouseup() 338 

. while loop 47 
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