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Once the window is closed, run cdFiler.n by selecting Run from
the Pro ject menu. The console window will appear, prompting you
fora'q’, 'n',or'1':

Enter command (g=quit, n=new, 1=list): 1

Type an 1, followed by a carriage return. This will list the CDs
currently in the program's linked list. If you need a refresher on linked
lists, now would be a perfect time to turn back to Chapter 9:

Enter command (gq=quit, n=new, 1=list): 1

Artist: Shawn Colvin
Title: Steady On

Rating: 10

Artist: XTC

Title: The Big Express
Rating: 8

Artist: Jane Siberry
Title: Bound by the Beauty

Enter command (q=quit, n=new, 1=1ist):

Chapter 9's cdTracker.n started with an empty linked list.
cdFiler.n, on the other hand, first reads in the CDs described in
cdData, placing these descriptions into the linked list. Now, type an
'n', followed by a carriage return and add a new CD to your list:
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Enter command (g=quit, n=new, 1=list): n

Enter Artist's Name: Adrian Belew
Enter CD Title: Mr. Music Head
Enter CD Rating (1-10): 8

Enter command (g=quit, n=new, 1=1ist):
Next, type an '1' to make sure your new CD made it into the list:

Enter command (q=quit, n=new, 1=list): 1

Artist: Shawn Colvin
Title: Steady On
Rating: 10

Artist: XTC
Title: The Big Express
Rating: 8

Artist: Jane Siberry
Title: Bound by the Beauty

Artist: Adrian Belew
Title: Mr. Music Head

Enter command (gq=quit, n=new, 1=1ist):
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Finally, type a 'q" followed by a carriage return. This causes the
program to write the current linked list back out to the file cdData. To
prove this worked, run cdFiler.n one more time. When prompted for
a command, type an '1"' to list your current CDs. You should find your
new CD nestled at the bottom of the list. Let's see how this works.

Stepping Through the Source Code

The file cdMain.c is almost exactly the same as the file cdTracker.c
from Chapter 9. There are two differences:

/******************************** ma-in ***/

main()
{
char command;

gFirstPtr = NULL;
glLastPtr = NULL;

ReadFile();

As the program starts, it calls the function ReadFile(). ReadFile()
reads in the contents of cdData, and is contained in the file cdFiles.c.

while ( (command = GetCommand() ) != 'q' )
{
switch( command )
{
case 'n':
AddToList( ReadStruct() );
break;
case '1':
ListCDs();
break;
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}
WriteFile();
printf( “"Goodbye..." );
The second change occurs just before main() exits when the
function WriteFile() is called. WriteFile() writes the current linked

list back out to the file cdData.

Iimportant

As your programs get larger and larger, you'll want to
divide your source code into two or more files. In general, |
name the file containing the function main() something
like xxxMain.c, where xxx ties in with the name of the
project. | give the other files names that indicate the nature
of the functions contained within. A name like xxxFiles.c
is appropriate for file handling functions. Again, the xxx
matches the xxx in the file xxxMain.c.

Once your projects reach the five-file level, you'll start
to reap the benefits of carefully thought-out file names.

f#finclude <stdio.h>
fHinclude <stdlib.h>

The file cdFiles.c starts with a pair of #includes. Between
<stdio.h> and <stdlib.h>, all of the Standard Library functions
called in this file are covered.

ftdefine CO_FILE_NAME "cdData”

The #idefine CD_FILE_NAME refers to the file containing all of the
CD information.
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ffdefine MAX_ARTIST_CHARS 50
Jidefine MAX_TITLE_CHARS 50

struct CDInfo

{
char
char
char

rating;
artist[ MAX_ARTIST_CHARS 1J;
title[ MAX_TITLE_CHARS 1;

struct CDInfo *next;

The #defines MAX_ARTIST_CHARS and MAX_TITLE_CHARS and the
declaration of the CDInfo struct type should be familiar from
cdTracker.c. Notice that the globals gFirstPtr and gLastPtr have
been left out of this declaration. You'll see why next.

extern

struct CDInfo *gFirstPtr;

The extern type modifier tells the compiler that this variable has
been declared in another file. This declaration gives us access to the
gFirstPtr declared in the file cdMain.c.

Important

In general, your globals should be declared in the same file
as main(). Any other file that needs access to a partlcular
global should declare that global using extern.

Another strategy you might want to consider calls for
the creation of a file called xxxVars.h, which contains an
extern declaration of all of your global variables. You
f#include xxxVars.h in each of your source code files
except xxxMain.c. In xxxMain.c, declare the globals
normally (without extern) toward the top of the file. This
strategy gives each of your source code files access to all of
your globals.




Working With Files 293

/************************‘k******* ReadF]]e ***/

char ReadFile()
{

FILE *fp;
struct CDInfo *infoPtr;
int numCDs, num, i;

if ( ( fp = fopen( CD_FILE_NAME, "r" ) ) == NULL )
return( FALSE );

The function ReadFile() tries to open the file cdData for reading.
If the file could not be opened, the function returns FALSE. If you flip
back up to the function main(), you'll notice that the return value from
ReadFile() is ignored. That's OK.

By the Way

For the moment, main() doesn't care whether the file was
opened. If you wanted to, you could put the call of
ReadFile() inside an if statement. If ReadFile() returns
FALSE, print a message that says the file could not be
opened. If ReadFile() returns TRUE, print a message that
says the file was opened successfully.

Whether you take advantage of ReadFile()'s return
value or not, the feature is there waiting.

fscanf( fp, "%d", &numCDs );
FlushFile( fp );

Once the file is opened, fscanf() is called to read in the number of
CDs described in the file. Since fscanf() doesn't read in the carriage
return that follows the number, the function FlushFile() was created.
FlushFile() will read in characters until it gets a carriage return or an
EOF. FlushFile() discards any characters it reads in.
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for ( i=1; i<=numCDs; i++ )
{
infoPtr = malloc( sizeof( struct CDInfo ) );

This for loop runs from 1 to the number of CDs described in the
file. For each CD, malloc() is called to allocate a block of memory the
size of a CDInfo struct. For the moment, infoPtr is set to point to
this newly allocated block of memory.

if ( infoPtr == NULL )

{
printf( "Qut of memory!!! Goodbye!\n" );
exit( 0 );

}

If infoPtr is NULL, the call to malloc() failed to allocate the neces-
sary amount of memory. In this case, an appropriate message is printed
and the program exits.

ReadFileLine( fp, infoPtr->artist );
ReadFileLine( fp, infoPtr->title );

If malloc() succeeded, ReadFileLine() is called to read in a line of
text for the artist's name and a line of text for the CD's title.
ReadFilelLine() does read in the carriage return at the end of the line,
so a call of FlushFile() is not necessary.

fscanf( fp, "%d", &num );
infoPtr->rating = num;
FlushFile( fp );

Next, fscanf() is called to read in an int, representing the CD's
rating. Since the rating field was declared as a char, and the "%d"
format specifier reads in an int, we'll use a temporary variable to
receive the int from fscanf(), then use an assignment statement to
copy the int into the char represented by infoPtr->rating.
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By the Way

If we passed the address of the rating field directly to
fscanf(), fscanf() would try to write a 2-byte value in a
block of memory the size of a char (1 byte). The resuits of
this operation would be unpredictable at best.

AddToList( infoPtr );
}

Once the fields of the struct are filled, AddToList() is called to
add the struct to the linked list. AddToList() is found in the file
cdMain.c.

fclose( fp )

return( TRUE );

Finally, the file is closed and a value of TRUE is returned by
ReadFile().

/*******************‘k************ F'l ushFi]e ***/

void FlushFile( FILE *fp )
{
int ¢;

while ( ( (c = fgetc( fp )) != '\n') && (c != EOF ) )

The function FlushFile() uses fgetc() inside a while loop to read
a character at a time. The while loop exits as soon as either a carriage
return or an EOF is read.
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/******************************** ReadFi]eLine ***/

void ReadFileLine( FILE *fp, char *1ine )
{
char c;

ReadFilelLine() takes a file pointer and a pointer to an array of
chars as parameters.

while ( (¢ = fgetc( fp )) != "\n" )
{

*1line = ¢;

Tine++;
}

fgetc() is called inside a while loop to read characters one at a
time. The loop places the characters inside the 1ine array, incrementing
the pointer 1ine each time through the loop. The loop exits when a
carriage return is read.

*1line = 0;

Once the entire line is read in, a 0 is copied to the end of the line,
creating a O-terminated string.

/******************************** wPiteFi]e ***/

void WriteFile()
{

FILE *fp;
struct CDInfo *infoPtr;
int numCDs, i, num;

WriteFile() writes the contents of the linked list out to the file
cdData.
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if ( ( fp = fopen( CD_FILE_NAME, "w" ) ) == NULL )

{
printf( "***ERROR: Could not write CD file!" );

}

First, fopen() is used to open the file for writing. If the file couldn't
be opened, an error message is printed.

else

{
numCDs = CountCDs();

If the file was opened successfully, CountCDs () is called to find out
how many CDs will be written out to the file.

fprintf( fp, "%d\n", numCDs );

fprintf() is used to write the number of CDs, followed by a
carriage return, out to the file.

infoPtr = gFirstPtr;

for ( i=1; i<=numCDs; i++ )

{
fprintf( fp, "%s\n", infoPtr->artist );
fprintf( fp, "%s\n", infoPtr->title );

num = infoPtr->rating;
fprintf( fp, "%d\n", num );
infoPtr = infoPtr->next;

}

Next, a for loop is used to step through the linked list, one element
at a time. The artist, title, and rating fields are written to the file,
each followed by a carriage return. Once again, a temporary int is used
to hold the value of the char infoPtr->rating. The int is used
because fprintf() expects a 2-byte value to go along with the "%d"
format specifier.
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fclose( fp ):

Once the contents of the file are written out, the file is closed.

/******************************** CountCDs ***/

int CountCDs()

{
struct CDInfo *infoPtr;
int numCDs ;

infoPtr = gFirstPtr;
numCDs = 0;

while ( infoPtr != NULL )

{
infoPtr = infoPtr->next;
numCDs++;

}

return( numCDs );

CountCDs () steps through the linked list an element at a time. It
uses the variable numCDs to count the number of elements in the list,
returning numCDs at the end.

What's Next?

Chapter 11 tackles a wide assortment of programming topics. We'll
look at typecasting, the technique used to translate from one type to
another. We'll cover recursion, the ability of a function to call itself.
We'll also examine function pointers, variables that can be used to pass
a function as a parameter.



1) What's wrong with each of the following code fragments:
a. FILE *fp;
fp = fopen( "w", "My Data File" );
if ( fp != NULL )
printf( "The file is open." );

b. char myData = 7;
FILE  *fp;

fp = fopen( "r", "My Data File" );
fscanf( "Here's a number: %d", &myData );

c. FILE  *fp;

char *ine;
fp = fopen( "My Data File", "w" );
fscanf( fp, "%s", &line ):
d. FILE *fp;
char *line;
fp = fopen( "My Data File", "r" );

fscanf( fp, "%s", &line );

299
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e. FILE *fp;
char *line;
fp = fopen( "My Data File", "r" );
fscanf( fp, "%s", line );
2) Write a function that reads in a file with the following format:
a) The first line is the number of lines to be read in.
b) Each of the lines that follow this first line consists of a series
of three numbers separated by tabs.
3) Write a function that reads in a file with the following format:
a) The first line contains two numbers separated by tabs.
b) The first number specifies the number of lines to be read in.
¢) The second number specifies the number of numbers on
each line. In this example:
2 3
4 5 6
5 6 7
the first line specifies that two lines are to follow, each line
containing three numbers.
4) Modify cdFiler.r so memory for the artist and title lines is

allocated as the lines are read in. First, you'll need to change the
CDInfo struct declaration as follows:

struct CDInfo

(

char rating;
char *artist;
char *title;

struct CDInfo *next;
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Not only will you call malloc() to allocate a CDInfo struct,
you'll also call malloc() to allocate space for the artist and
title strings. Don't forget to leave enough space for the
terminating 0 at the end of each string.
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What is Typecasting?

There often will be times when you find yourself trying to convert a
variable of one type to a variable of another type. For example, this
code fragment:

float f;
int i
f = 3.5;
i=f;

printf( "i is equal to %d", i );
causes this line:
i is equal to 3

to appear in the console window. Notice that the original value assigned
to f was truncated from 3.5 to 3 when the value in f was assigned to i.
This truncation was caused when the compiler saw an int on the left
side and a f1oat on the right side of this assignment statement:

i=f;

The compiler automatically translated the float to an int. In
general, the left side of an assignment statement is always translated to
the type on the right side when the assignment occurs. In this case, the
compiler handled the type conversion for you.

Typecasting is a mechanism you can use to translate the value of an
expression from one type to another. A typecast, or just plain cast,
always takes this form:

(type) expression
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where type is any legal C type. In thi; code fragment:
float f;
f=1.5;
the variable f gets assigned a value of 1.5. In this code fragment:
float f;
f = (int)l.5;

the value of 1.5 is cast as an int before being assigned to f. Just as you
might imagine, casting a f1oat as an int truncates the f1oat, turning the
value 1.5 into 1. In this example, two casts were performed. First, the
float value 1.5 was cast to the int value 1. When this int value was
assigned to the float f, the value was cast to the f1oat value 1.0.

Cast With Care

Use caution when you cast from one type to another. Problems can arise
when casting between types of a different size. Consider this example:

int i
char c;
i = 500;
c=1i;

Here, the value 500 is assigned to the int i. So far, so good. Next,
the value in 1 is cast to a char as it is assigned to the char c. See the
problem? Since a char can only hold values between -128 and 127,
assigning a value of 500 to ¢ doesn't make sense.
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Casting With Pointers

Typecasting can also be used when working with pointers. This
notation:

(int *) myPtr

casts the variable myPtr as a pointer to an int. Casting with pointers
allows you to link together structs of different types. For example,
suppose you declared two struct types, as follows:

struct Dog
{
struct Dog *next;

}os

struct Cat
{

struct Cat *next;
}

By using typecasting, you could create a linked list that contains
both Cats and Dogs. You can make a Dog point to a Cat (Figure 11.1):

=1

| e |

Figure 11.1 myDog.next points to myCat.next, which points to NULL.

struct Dog myDog;
struct Cat myCat;

myDog.next = &myCat; /* <-- Compiler complains */
myCat.next NULL;
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In the first assignment statement, a pointer of one type is assigned to
a pointer of another type. &myCat is a pointer to a struct of type Cat.
myDog.next is declared to be a pointer to a struct of type Dog. Unfortu-
nately, while the compiler is good about automatically typecasting C's
built-in types, it doesn't automatically perform the typecast for types you
design yourself. If you tried to compile the code above, THIN C would
report an error, complaining that the pointer types don't match. Here's
the corrected version:

struct Dog myDog;
struct Cat myCat;

myDog.next = (struct Dog *)(&myCat);
myCat.next NULL;

I

Notice the extensive use of parentheses in the first assignment
statement. Whenever you perform a typecast, make sure you are casting
what you want to cast. For example:

struct Dog *dogPtr;
dogPtr = &myDog;

(struct Cat *)dogPtr->next = &myCat; /* <-- Not what you
think */

This code attempts to cast a Dog's next field to a Cat pointer. That's
not what happens, however. Instead of next being cast, dogPtr is cast.
This is a common error. Here's the corrected version:

struct Dog *dogPtr;
dogPtr = &myDog;
(struct Cat *)(dogPtr->next) = &myCat;

As you can see, the parentheses make a big difference.
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Unions

Before we leave the topic of structs and typecasting, there's one more
area worth discussing. C offers a special data type, known as a union,
which allows a single variable to disguise itself as several different data
types. unions are declared just like structs. Here's an example:

union Number
{

int i3

float f;

char *S;
} myUnion;

This declaration creates a union type named Number. It also creates
an individual Number named myUnion, If this were a struct declara-
tion, you'd be able to store three different values in the three fields of
the struct. unions don't work this way.

When a union is declared, the compiler allocates the space required
by the largest of the union's fields, sharing that space with all of
the union's fields. Since an int requires 2 bytes, a float 4 bytes,
and a pointer 4 bytes, myUnion is allocated exactly 4 bytes. You can
store an int, a float, or a char pointer in myUnion. The compiler
allows you to treat myUnion as any of these types. To refer to myUnion
as an int, refer to:

myUnion.i

To refer to myUnion as a float, refer to:
myUnion.f

To refer to myUnion as a char pointer, refer to:

myUnion.s
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You are responsible for remembering which form the union is
currently occupying.

Warning

If you store an int in myUnion by assigning a value to
myUnion. i, you'd best remember that fact. If you proceed
to store a float in myUnion.f, you've just trashed your int.
Remember, there are only 4 bytes allocated to the entire
union.

One way to keep track of the current state of the union is to declare
an int to go along with the union, as well as a ffdefine for each of the
unions fields:

ffdefine INT 1
ffdefine FLOAT 2
{#fdefine POINTER 3

union Number
{

int i

float f

char *3;
} myUnion;

int myUnionTag;

If you are currently using myUnion as a float, assign the value
FLOAT to myUnionTag. Later in your code you can use myUnionTag
when deciding which form of the union you are dealing with:

if ( myUnionTag == INT )
DoIntStuff( myUnion.i );
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else if ( myUnionTag == FLOAT )
DoFloatStuff( myUnion.f );
else
DoPointerStuff( myUnion.s );

Why Use Unions?

In general, unions are most useful when dealing with two data struc-
tures that share a set of common fields, but differ in some small way.
For example, consider these two struct declarations:

struct Pitcher
{

char name([ 40 J;
int team;

int strikeouts;
int runsAllowed;

b

struct Batter
{

char name[ 40 J;
int team;

int runsScored;
int homeRuns ;

These structs might be useful if you were tracking the pitchers and
batters on your favorite baseball team. Both structs share a set of
common fields, the array of chars named name and the int named
team. Both structs have their own unique fields as well. The Pitcher
struct contains a pair of fields appropriate for a pitcher, strikeouts
and runsAllowed. The Batter struct contains a pair of fields appro-
priate for a batter, runsScored and homeRuns.

One solution to your baseball-tracking program would be to
maintain two types of structs, a Pitcher and a Batter. There is
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nothing wrong with this approach. There is an alternative, however.
You can declare a single struct that contains the fields common to
Pitcher and Batter, with a union for the unique fields:

ftdefine METS 1
ffdefine REDS 2

ffdefine PITCHER 1
ffdefine BATTER 2

struct Pitcher
{
int strikeouts;
int runsAllowed;
} o

struct Batter
{
int runsScored;
int homeRuns;
b

struct Player
{

int type;

char name[ 40 1;
int team;

union

{
struct Pitcher pStats:
struct Batter bStats;
bous

Here's an example of a P1ayer declaration:

struct Player myPlayer;
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Once you created the Player struct, you would initialize the type
field with one of either PITCHER or BATTER:

myPlayer.type = BATTER;
You would access the name and team fields like this:

myPlayer.team = METS;
printf( "Stepping up to the plate: %s", myPlayer.name );

Finally, you'd access the union fields like this:

if ( myPlayer.type == PITCHER )
myPlayer.u.pStats.strikeouts = 20;

The u was the name given to the union in the declaration of the
Player type. Every Player you declare will automatically have a union
named u built into it. The union gives you access to either a Pitcher
struct named pStats or a Batter struct named bStats. The example
above references the strikeouts field of the pStats field.

unions provide an interesting alternative to maintaining multiple
data structures. Try them. Write your next program using a union or
two. If you don't like them, you can return them for a full refund.

Function Recursion

Some programming problems are best solved by repeating a mathe-
matical process. For example, to learn whether a number is prime (see
Chapter 6) you might step through each of the integers between 1 and
the number itself, one at a time, searching for a factor. If no factor is
found, you have a prime. The process of stepping through the numbers
between 1 and the possible prime is called iteration.

In programming, iterative solutions are fairly common. Almost
every time you use a for loop, you are applying an iterative approach
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to a problem. An alternative to the iterative approach is known as
recursion. In a recursive approach, instead of repeating a process in a
loop, you embed the process in a function and have the function call
itself until the process is complete. The key to recursion is a function
calling itself.

Suppose you wanted to calculate 5 factorial (also known as 5!). The
factorial of a number is the product of each integer from 1 up to the
number. For example, 5 factorial is:

51=5%4*3%2%1=120

Using an iterative approach, you might write some code like this:
main()
{

int i, num, fac;

num = 5;
fac = 1;

for ( i=1; i<=num; i++ )
fac *= 1;

printf( "%d factorial is %d.", num, fac );
}

By the Way

If you are interested in trying this code, it is provided on
disk in the Projects folder, under the subfolder named
iterate. ‘
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If you ran this program, you'd see this line printed in the console
window:

5 factorial is 120.
As you can see from the source code, the algorithm steps through

(iterates) the numbers 1 through 5, building the factorial with each
successive multiplication.

A Recursive Approach

You can use a recursive approach to solve the same problem. For
starters, you'll need a function to act as a base for the recursion, a func-
tion that will call itself. There are two things you'll need to build into
your recursive function. First, you'll need a mechanism to keep track of
the depth of the recursion. In other words, you'll need a variable or
parameter that changes, depending on the number of times the recursive
function calls itself.

Second, you'll need a terminating condition, something that tells the
recursive function when it's gone deep enough. Here's one version of a
recursive function that calculates a factorial:

int factorial( int num )
{
if ( num > 1)
num *= factorial( num - 1 );

return( num );

factorial() takes a single parameter, the number whose factorial
you are trying to calculate. factorial() first checks to see whether the
number passed to it is greater than 1. If not, factorial() calls itself,
passing 1 less than the number passed into it. This strategy guarantees
that, eventually, factorial() will get called with a value of 1.
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Figure 11.2 shows this process in action. The process starts with a
call to factorial():

result = factorial( 3 );

Take a look at the leftmost factorial () source code in Figure 11.2.
factorial() is called with a parameter of 3. The if statement checks
to see if the parameter is greater than 1. Since 3 is greater than 1, the
statement:

num *= factorial( num - 1 );

is executed. This statement calls factorial() again, passing a value of
n-1, or 2, as the parameter. This second call of factorial() is pictured
in the center of Figure 11.2.

int factorial( int num >

{
if Cnum > 1
num *= factorial( num - 1 >;

_

return{ num J;

int factorial( int num >
[3%2 % 1] {

if Cnum > 1 >
num *= _factorial( num - 1 3;
_

return{ num J;

int factorial( int num >
Fails, since num == 1

if (num > 1 )
num *= factorial( num - 1 ),

return( num J;

Figure 11.2 The recursion process caused by the call factorial( 3 ).
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Important

It's important to understand that this second call to
factorial() is treated just like any other function call that
occurs in the middle of a function. The calling function's
variables are preserved while the called function runs. In
this case, the called function is just another copy of
factorial().

This second call of factorial() takes a value of 2 as a parameter.
The if statement compares this value to 1 and, since 2 is greater than
1, executes the statement:

num *= factorial( num - 1 );

This statement calls factorial() yet again, passing num-1,0r 1, as a
parameter. The third call of factorial() is portrayed on the rightmost
side of Figure 11.2.

The third call of factorial() starts with an if statement. Since the
input parameter was 1, the if statement fails. Thus, the recursion
termination condition is reached. Now, this third call of factorial()
returns a value of 1.

At this point, the second call of factorial() resumes, completing
the statement:

num *= factorial( num - 1 );

Since the call of factorial() returned a value of 1, this statement
is equivalent to:

num *= 1;
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leaving num with the same value it came in with, namely 2. This second
call of factorial() returns a value of 2.

At this point, the first call of factorial() resumes, completing the
statement:

num *= factorial( num - 1 );

Since the second call of factorial() returned a value of 2, this
statement is equivalent to:

num *= 2;

Since the first call of factorial() started with the parameter num
taking a value of 3, this statement sets num to a value of 6. Finally, the
original call of factorial() returns a value of 6. This is as it should be,
since 3 factorial =3 *2*1=6.

important
The recursive version of the factorial program is also
provided on disk. You'll find it in the Projects folder,
under the subfolder named recurse. Open the project and
follow the program through, line by line.
Binary Trees

As you learn more about data structures, you'll discover new applica-
tions for recursion. For example, one of the most-used data structures
in computer programming is the binary tree (Figure 11.3). As you'll
see later, binary trees were just made for recursion. The binary tree is
similar to the linked list. Both consist of structs connected by pointers
embedded in each struct.
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Figure 11.3 A binary tree.

Linked lists are linear. Each struct in the list is linked by pointers
to the struct behind it and in front of it in the list. Binary trees always
start with a single struct, known as the root struct or root node.
Where the linked-list structs we've been working with contain a single
pointer, called next, binary-tree structs each have two pointers,
usually known as 1eft and right.

Check out the binary tree in Figure 11.3. Notice that the root node
has a left child and a right child. The left child has its own left child but
its right pointer is set to NULL. The left child's left child has two NULL
pointers. A node with two NULL pointers is known as a leaf node or
terminal node.

Binary trees are extremely useful. They work especially well when
the data you are trying to sort has a comparative relationship. This
means that if you compare one piece of data to another, you'll be able
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to judge the first piece as greater than, equal to, or less than the second
piece. For example, numbers are comparative. Words in a dictionary
can be comparative, if you consider their alphabetical order. The word
iguana is greater than aardvark, but less than xenophobe.

Here's how you might store a sequence of words, one at a time, in a
binary tree. We'll start with this list of words:

opulent
entropy
salubrious
ratchet
coulomb
yokel
tortuous

Figure 11.4 shows the word opulent added to the root node of the
binary tree. Since it is the only word in the tree so far, both the left and
right pointers are set to NULL. Figure 11.5 shows the word entropy
added to the binary tree. Since entropy is less than opulent (i.e., comes
before it alphabetically), entropy is stored as opulent's left child.

opulent

[=

Figure 11.4 The word opulent is entered into the binary tree.

opulent

[

{ entropy

Figure 11.5 The word entropy is less than the word opulent and is
added to its left in the tree.
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Next, Figure 11.6 shows the word salubrious added to the tree.
Since salubrious is greater than opulent, it becomes opulent's right
child. Figure 11.7 shows the word ratchet added to the tree. First,
ratchet is compared to opulent. Since ratchet is greater than
opulent we follow the right pointer. Since there's a word there already,
we'll have to compare ratchet to this word. Since ratchet is less than
salubrious, we'll store it as salubrious's left child.

Figure 11.8 shows the binary tree after the remainder of the word list
has been added. Do you understand how this scheme works? What
would the binary tree look like if coulomb was the first word on the list?
The tree would have no left children and would lean heavily to the right.

opulent
.
l _j
entropy salubrious

[—= =

Figure 11.6 The word salubrious is greater than the word opulent
and is added to its right in the tree.

opulent
r—
entropy salubrious

[ B+

ratchet

[

_
i

Figure 11.7 The word ratchet is greater than opulent but less than
salubrious and is placed in the tree accordingly.
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What if yoke1 was the first word entered? As you can see, this particular
use of binary trees depends on the order of the data. Randomized data
that starts with a value close to the average produces a balanced tree. If
the words had been entered in alphabetical order, you would have ended
up with a binary tree that looked like a linked list.

By the Way
Data structure theory is one of my favorite topics in all of
computer science. Though I'd like to rattle on and on about
variant tree structures and binary tree balancing algorithms,
my editors would like me to get this book out sometime this
year. This shouldn't stop you, though. Go to your library and
check out a book on data structures and another on sorting
and searching algorithms (which we'll get to in a minute).
Or, if you can wait, get Volume Il of this series, which | guar-
antee will have more on my favorite subject.
opulent
r—
[  entropy salubrious
»
| L ¥ l __l
coulomb " [ ratchet | yokel
1 I [ I
===l == 1
) ) tortuous
pe——
=
L

Figure 11.8 The words coulomb, yokel, and tortuous are added to the
tree.
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Searching Binary Trees

Now that your word list is stored in the binary tree, the next step is to
look up a word in the tree. This is known as searching the tree. Suppose
you wanted to look up the word tortuous in your tree. You'd start
with the root node, comparing tortuous with opulent. Since tortuous
is greater than opulent, you'd follow the right pointer to salubrious.

You'd follow this algorithm down to yokel and finally tortuous. A
binary tree that contained just words may not be that interesting, but
imagine that these words were names of great political leaders. Each
struct might contain a leader's name, biographical information, per-
haps a pointer to another data structure containing great speeches. The
value, name, or word that determines the order of the tree is said to be
the key.

You don't always search a tree based on the key. Sometimes, you'll
want to step through every node in the tree. For example, suppose your
tree contained the name and birth date of each of the presidents of the
United States. Suppose also that the tree was built using each president's
last name as a key. Now suppose you wanted to compose a list of all
presidents born in July. In this case, searching the tree alphabetically
won't do you any good. You'll have to search every node in the tree.
This is where recursion comes in.

Recursion and Binary Trees

Binary trees and recursion were made for each other. As mentioned
earlier, recursion requires a changing condition and a terminating con-
dition. For binary trees, the changing condition is the traversal of the left
and right pointers. The terminating condition occurs when you reach a
terminal node. Here's an example of a tree traversing, recursive function:

struct Tree

{
int value;
struct Tree *left;
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struct Tree *right;
} myTree;

Searcher( struct Tree *treePtr )
{
if ( treePtr != NULL )
{
VisitNode( treePtr );
Searcher( treePtr->left );
Searcher( treePtr->right );

The function Searcher() takes a pointer to a tree node as its
parameter. If the pointer is NULL, we must be at a terminal node and
there's no need to recurse any deeper. If the pointer points to a Tree
node, the function VisitNode() is called. VisitNode() performs
whatever function you want performed for each node in the binary tree.
In our current example, VisitNode() could check to see if the president
associated with this node was born in July. If so, VisitNode() might
print the president's name in the console window.

Once the node is visited, Searcher() calls itself twice, once passing
a pointer to its left child and once passing a pointer to its right child. If
this version of Searcher() were used to search the tree in Figure 11.8,
the tree would be searched in the order described in Figure 11.9. This
type of search is known as a preorder search, because the node is visited
before the two recursive calls take place.

Here's a slightly revised version of Searcher (). Without looking at
Figure 11.10, can you predict the order that the tree will be searched?
This version of Searcher() performs an in-order search of the tree:

Searcher( struct Tree *treePtr )
{
if ( treePtr != NULL )

{
Searcher( treePtr->left );
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VisitNode( treePtr );
Searcher( treePtr->right );

opulent
2 r4 )=
| | !
entropy salubrious
——— e————
3 | {s) I —{6}
coulomb ) ratchet yokel
—— —
I | I ) b |
— -—.I‘_ — - L 4 '-'-I_--
) . tortucus
p———
|
-[_ +

Figure 11.9 The search order produced by the first version of
Searcher().

Here's a final look at Searcher(). This version performs a
postorder search of the tree:

Searcher( struct Tree *treePtr )
{
if ( treePtr != NULL )
{
Searcher( treePtr->left );
Searcher( treePtr->right ):
VisitNode( treePtr );
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Figure 11.10 An in-order search of a binary tree.
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Figure 11.11

A postorder search of a binary tree.
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Recursion and binary trees are two extremely powerful program-
ming tools. Learn how to use them—they'll pay big dividends.

Function Pointers

Next on the list is the subject of function pointers. Function pointers
are exactly what they sound like: pointers that point to functions. Up to
now, the only way to call a function was to place its name in the source
code:

MyFunction();

Function pointers give you a new way to call a function. Function
pointers allow you to say, "Execute the function pointed to by this
variable." Here's an example:

int (*myFuncPtr)( float );

This line of code declares a function pointer named myFuncPtr.
myFuncPtr is a pointer to a function that takes a single parameter, a
float, and that returns an int. The parentheses in the declaration are
all necessary. The first pair tie the * to myFuncPtr, ensuring that
myFuncPtr is declared as a pointer. The second pair surround the
parameter list and distinguish myFuncPtr as a function pointer.

Suppose we had a function called DealTheCards() that took a
float as a parameter and returned an int. This line of code assigns the
address of DealTheCards () to the function pointer myFuncPtr:

myFuncPtr = DealTheCards;

Notice that the parentheses were left off the end of DealTheCards().
This is critical. If the parentheses were there, the code would have called
DealTheCards(), returning a value to myFuncPtr. You may also have
noticed that the & operator wasn't used. When you refer to a function
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without using the parentheses at the end, the compiler knows you are
referring to the address of the function.

Now that you have the function's address in the function pointer,
there's only one thing left to do—call the function. Here's how it's done:

int result;
result = (*myFuncPtr)( 3.5 );
This line calls the function DealTheCards(), passing it the

parameter 3.5, and returning the function value to the int result.
Once again, both sets of parentheses are necessary.

By the Way

There's a lot you can do with function pointers. You can
create an array of function pointers. How about a binary
tree of function pointers? You can pass a function pointer as
a parameter to another function. Taking this one step
further, you can create a function that does nothing but call
other functions. Cool!

By the Way

For your enjoyment, there's a function-calling example on
the source code disk. You'll find the project in the Projects
folder, inside the funcPtr subfolder. The program is pretty
simple, but it should serve as a useful reference when you
start using function pointers in your own programs.
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More on Strings

The last topic we'll tackle in this chapter is string manipulation.
Although we've done some work with strings in previous chapters,
there are a number of Standard Library functions that haven't been
covered. Each of these functions requires that you include the file
<string.h>. Here are a few examples...

strcpy

strcpy () is declared as follows:
char *strcpy( char *dest, char *source );

strcpy () copies the string pointed to by source into the string
pointed to by dest. strcpy() copies each of the characters in source,
including the terminating 0 byte. That leaves dest as a properly
terminated string. strcpy () returns the pointer dest.

An important thing to remember about strcpy() is that you are
responsible for ensuring that source is properly terminated, and that
enough memory is allocated for the string returned in dest. Here's an
example of strcpy() in action:

char namel 20 J;
strcpy( name, "Dave Mark" ):

This example uses a string literal as the source string. The string is
copied into the array name. The return value was ignored.
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strcat

strcat() is declared as follows:
char *strcat( char *dest, *source );

strcat() appends a copy of the string pointed to by source onto the
end of the string pointed to by dest. As was the case with strcpy(),
strcat() returns the pointer dest. Here's an example of strcat() in
action:

char name[ 20 1;

strcpy( name, "Dave " );
strcat( name, "Mark" );

The call of strcpy() copies the string "Dave " into the array name.
The call of strcat() copies the string "Mark" onto the end of dest,
leaving dest with the properly terminated string "Dave Mark". Again,
the return value was ignored.

strcmp

strcemp() is declared as follows:
int strcmp( char *sl, char *s2 );

strcmp() compares the strings s1 and s2. strcmp() returns O if the
strings are identical, a positive number if s1 is greater than s2, and a
negative number if s2 is greater than sl. The strings are compared one
byte at a time. If the strings are not equal, the first byte that is not
identical determines the return value.

Here's a sample:

if ( strcmp( "Hello", "Goodbye" ) )
printf( "The strings are not equal!® );

Notice that the if succeeds when the strings are not equal.
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strlen

strien() is
typedef si

size_t st

By the Way

declared as follows:
ze_t unsigned Tong;

rlen( char *s );

The typedef statement is used to create a custom type.
typedef follows this pattern:

typedef newTypeName existingType;
This statement:
typedef size_t unsigned long;
creates a new type called size_t which is equivalent to the
type unsigned long. Once you've created a type using

typedef, you can use the new type name in your variable
declarations.

strlen(

) returns the length of the string pointed to by s. As an

example, this call:

length = s

returns a v

trlen( “"Aardvark" );

alue of 8, the number of characters in the string, not

counting the terminating zero.
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What's Next?

Chapter 12 answers the question, "Where do you go from here?" Do
you want to learn to create programs with that special Macintosh look
and feel? Would you like more information on data structures and C
programming techniques? Chapter 12 offers some suggestions to help
you find your programming direction.



1) What's wrong with each of the following code fragments:

a. struct Dog
{
struct Dog *next;
i

struct Cat
{

struct Cat *next;
}

struct Dog myDog;
struct Cat myCat;

myDog.next = &myCat;
myCat.next NULL;

b. struct Dog
{
struct Dog “*next;
} myDog, *dogPtr;

struct Cat
{

struct Cat *next;
} myCat;

335
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dogPtr = &myDog;

(struct Cat *)dogPtr->next = &myCat;

union Number

{

int is
float f;
char *s;

b
Number myUnion;
myUnion.f = 3.5;

struct Player
{

int type;

char name[ 40 1;

int team;

union

{
int myInt;
float myFloat;

boug

} myPlayer;

myPlayer.team = 27;
myPlayer.myInt = -42;
myPlayer.myFloat = 5.7;

int *myFuncPtr( int );

myFuncPtr = main;
*myFuncPtr();
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f. char s[ 20 1;
strcpy( s, "Hello " );

if ( strcmp( s, "Hello" ) )
printf( "The strings are the same!" );

g. char *s;

s =malloc( 20 );
strcpy( "Heeeers Johnny!", s );

h. char *s;
strcpy( s, "Aardvark" );

2) Write a program similar to cdfiler that uses a binary tree
instead of a linked list. The tree should order the information
using the alphabetizing approach demonstrated in this chapter,
using the artist field as the key. The list function should use a
recursive algorithm to search the entire tree.

3) Add a function to the program in Exercise 9 that randomizes the
tree when the user types 'r' in response to the command
prompt. One way to randomize the tree is to:

a. Pull all the nodes out, creating a single linked list com-
prising all the nodes in the tree.

b. Use rand() to generate a random number from 1 to the
number of elements remaining in the linked list. Use the
random number to select the appropriate element from the
linked list.

¢. Add the element to the tree, deleting it from the linked list.

d. Go back to step b, repeating the process until all the ele-
ments in the linked list have been placed back in the tree.
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NOW THAT YOU'VE MASTERED THE FUNDAMENTALS OF

C, you're ready to dig into the specifics of Macintosh programming. As
you've run the example programs in the previous chapters, you've
probably noticed that none of the programs sport the look and feel that
make a Mac program a Mac program.

For one thing, all of the interaction between you and your program
focuses on the keyboard and the console window. None of the programs
take advantage of the mouse. None offer color, pull-down menus, or a
selection of different fonts. These are all part of the Macintosh user
interface.
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The Macintosh User Interface

User interface is the part of your program that interacts with the user.
So far, your user interface skills have focused on writing to and reading
from the console window, using functions such as printf(), scanf(),
and getchar(). The advantage of this type of user interface is that each
of the aforementioned functions is available on every machine that
supports the C language. Programs written with a console-based user
interface are extremely portable.

On the down side, console-based user interfaces tend to be limited.
With a console-based interface, you can't use an elegant graphic to make
a point. Text-based interfaces can't provide animation or digital sound.
In a nutshell, the console-based interface is simple and, at the same time,
simple to program. The Macintosh's graphical user interface (GUI) offers
an elegant, more sophisticated method of working with a computer.

The Graphical User Interface

A Macintosh just wouldn't be the same without windows, pull-down
and pop-up menus, icons, push buttons, and scroll bars. You can and
should add these user interface elements to your C programs. The hard
part is deciding which features to use where.

Once you've identified the pieces of the Mac interface you want in
your program, you're ready to take advantage of the Mac's version of
the Standard Library: the Macintosh Toolbox.

The Macintosh Toolbox

Every Mac that rolls off the assembly line comes with a slew of user
interface functions built in. Each Mac comes with a read-only memory
(ROM) chip that contains the more than 700 functions that make up the
Macintosh Toolbox. The Mac Toolbox contains functions that create
windows on the screen and others that draw text in these windows.
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There are functions for drawing shapes, lines, and dots in color and in
black and white. There's a set of functions that allows you to implement
your own pull-down menus. The Mac Toolbox is huge.

Every program that supports the standard Macintosh interface relies
on the Mac Toolbox. That's why Macintosh programs have such a con-
sistent look and feel. Take a look at the pull-down menu in Figure 12.1.
Notice the close resemblance to every other Mac pull-down menu.
That's because the Toolbox provides a set of functions that implements a
standard Macintosh pull-down menu bar. When a Mac programmer
wants to implement a pull-down menu, he or she always turns to this set
of functions, collectively known as the Menu Manager. The Menu
Manager has a set of rules it follows when pulling down a menu. For
example, a standard Macintosh menu is always drawn using the
Chicago font. The Chicago font is built into the Mac's ROM.

 Eoit I

Undo 82
Cut &H
Copy 8C
Paste |
Clear

Select All %A
Show Clipboard

Figure 12.1 An Edit menu. Do you know where it came from?

By the Way

This particular menu comes from the Finder, the application
that runs when your Macintosh first starts up. The Finder is
the application containing all of the windows and icons you
use to launch other applications.




344 Chapter 12

The Toolbox is divided into a series of managers. As you learn to
implement a standard Mac interface, you'll learn about the functions
that make up each manager. For example, you'll learn how to use the
functions that make up the Window Manager to create and maintain
your program's windows. You'll use the Control Manager to manage
scroll bars, push buttons, and other standard Macintosh controls, like
the ones shown in Figure 12.2.

@® Radio Button #1
O Radio Button #2
O Radio Button #3

Figure 12.2 A set of radio buttons, a push button, and a scroll bar. Each of
these is created and maintained via the Control Manager.

Opening windowMaker.n

Our final project, windowMaker.n, presents a complete Mac Toolbox
application. Although windowMaker.r doesn't do much, it does demon-
strate some of the user interface concepts you've been reading about.

If you're not already in it, launch THIN C by double-clicking on its
icon in the Finder. When prompted for a project to open, go into the
Projects folder, then into the windowMaker subfolder, and open the
project named windowMaker.x.

Running windowMaker.n

Run the project by selecting Run from the Pro ject menu. Once THIN
C recompiles your source code, the menu bar in Figure 12.3 will appear
on the top of your screen. If you have a color system with the color
turned on, the ® should appear in color.
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® File Edit

Figure 12.3 windowMaker's menu bar.

For starters, select the first item from the ® menu,
About WindowMaker.... You should hear a short beep, then the
window shown in Figure 12.4 should appear on the screen. I'll tell you
about the Macintosh C Programming Primer a little later. For the
moment, click your mouse in the DK button to dismiss the window.

Another fine program from the
ﬁ Macintosh C Programming Primer!
©1989, D. Mark & C. Reed!!!

Figure 12.4 This window appears when you select Rbout
WindowMaker... from the % menu.

Next, click your mouse on the File menu. The menu shown in
Figure 12.5 should appear. Note the Command-key equivalents located
to the right of each menu item. A Command-key equivalent equates a
keyboard sequence to a menu item. For example, if you hold down the
Command key (the key with the 3 on it) and type an N, the NeLl item
will be selected.

Select the first item, New. A window will appear, bearing the title
Window (Figure 12.6). A celebratory picture will appear, centered in
the window. Select New several more times. Several more windows
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will appear. Try clicking your mouse in a window's close box. The
window should close. Open a few more windows. Select Close to close
a window. Click on a back window to bring it to the front. Notice that
as a window is uncovered, its picture is automatically redrawn. When
you are done, select Quit from the File menu to exit the program.

New 8N
Close &1
Quit 380

Figure 12.5 windowMaker's File menu.

=== Window

O‘o'@ °

¢

Figure 12.6 A windowMaker window.

Getting Started With the Mac Toolbox

The next step in your programming education is to learn how to use the
Mac Toolbox in your own programs. The first thing you should do is
buy a copy of the THINK C development environment from Symantec.
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THINK C comes with everything you'll need to interface with the
Toolbox, and then some. If you'd like to learn more about THINK C,
turn to Appendix E.

By the Way

When you order THINK C, make sure you take advantage of
the money-saving coupon in the back of the book.

Once you've purchased your copy of THINK C, you're ready to
start using the Toolbox. Fortunately, there's a lot of literature available
to help ease you through the Toolbox learning curve.

Inside Macintosh

If there is one item found on every Macintosh programmer's bookshelf,
it's a well-worn copy of Inside Macintosh, Apple's official Macintosh
programmer's reference guide. It covers the Toolbox in depth, listing
every Toolbox function, along with the function's parameters, and that
function's place in the Mac universe.

Inside Macintosh is broken out as a series, Volumes I through VI,
and a cross reference that covers the first five volumes is also available.
Get a copy of Volume I, which introduces the Macintosh graphical user
interface and describes most of the Toolbox functions you'll need to get
started.

Once you get comfortable with the Toolbox, you'll probably want to
pick up the rest of the Inside Macintosh series. If you only get one more
book after Volume I, make sure it's Volume V, which covers, in detail,
the parts of the Toolbox that deal with color. If you're going to program
using color, Volume V is essential. Next on the priority list is Volume VI,
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which covers the changes Apple made to the Toolbox when they
introduced System 7.0. Once you have Volume VI, pick up Volume IV,
which covers changes made to the Toolbox when the Mac Plus was
introduced. Volume IV contains a complete revision of the File Manager
information presented in Volume I. If you want to work with files, you'll
want to check out Volume IV. Last on the list are Volumes II and III.

By the Way

There is also a hardcover edition of /nside Macintosh, which
contains Volumes |, Il, and lll. For my money, however, the
softcover editions are a better buy. The hardcover
combination of I-lll is both heavy and unwieldy.

The Macintosh C Programming Primer

When Inside Macintosh was written, Pascal was the primary Macintosh
programming language. Because of this, all of the function descriptions
and examples presented in Inside Macintosh were written in Pascal. In
addition, the books were written as a reference and not a tutorial.
Basically, Inside Macintosh is critical once you understand the basics of
programming with the Toolbox.

There is a book that helps bridge the gap for first-time Macintosh
programmers. The Macintosh C Programming Primer, by Dave Mark
and Cartwright Reed, offers a step-by-step tour through the mysteries
of the Toolbox. The Mac Primer walks you through each of the
Toolbox Managers, punctuating each chapter with a variety of sample
programs. The Mac Primer takes the sting out of learning to program
using the Mac Toolbox.

The Mac Primer also offers a lot of advice for programmers looking
to get involved with the Macintosh development community. Whether
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you are interested in developing your own best-selling Macintosh
application, or just want to hook up with other Mac developers, the
Mac Primer can help. Inside, you'll find descriptions of Apple's devel-
oper relations programs, designed to help you get your products out the
door. You can read about AppleLink, Apple's internal electronic mail
system that you can be a part of. There are descriptions of technical
reference material available from Apple, as well as from third parties.

In general, Cartwright and I tried to put everything into the Primer
that we were looking for when we were first learning to program the
Macintosh. We hope you enjoy it.

Macintosh Programming Secrets

A book that I frequently turn to is Scott Knaster's excellent Macintosh
Programming Secrets. This book is full of Macintosh programming tips,
tricks, and techniques. Scott takes his years of experience as an Apple
employee and puts them to good use, revealing some of the deep, dark
secrets that only a Mac aficionado could know. Once you've mastered
the basics of Macintosh Toolbox programming, give this book a try.

Go Get 'Em

Well, that's about it. I hope you enjoyed reading this book as much as I

enjoyed writing it. Above all, I hope you are excited about C. Now that

you have C under your belt, go out there and write some source code.
Enjoy!
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Glossary

algorithm: The technical approach used to solve a problem.

ANSI C: The standard version of the C programming language estab-
lished by the American National Standards Institute.

append: A mode used when opening a file for writing. Append mode
specifies that any data written to the file is written after any existing
data.

argument: Another word for parameter.

array: A variable containing a sequence of data of a particular type. For
example, you can declare an array of 50 ints.

array element: The smallest addressable unit of an array. In an array of
50 ints, each int represents an element of the array.

ASCII character set: A set of 128 standard characters defined by the
American Standard Code for Information Interchange.

backslash sequence: A single character represented by the combination
of the backslash (\) and another character. For example, the
sequence '\n' represents a new line character.
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balanced tree: A binary tree that maintains a uniform depth. The more
unbalanced a tree becomes, the less efficient some tree-searching
algorithms become.

bell curve: A bell-shaped statistical curve that represents a normal
probability distribution. Plotting the possible rolls of a pair of six-
sided dice yields a bell curve.

binary: A system of mathematics based on the two digits 0 and 1.
Computers use binary to represent the value stored in memory.

bit: The smallest unit of computer memory, a bit has a value of either 0
orl.

case-sensitive: Sensitive to the difference between upper- and lower-case
letters. C is a case-sensitive language and therefore distinguishes
between names such as MyFunction() and MYFUNCTION().

cast: See typecast.

Central Processing Unit (CPU): The integrated circuit that controls the
processing of a computer. The Macintosh family of computers is
driven by a 68000 series CPU.

child: A node in a tree pointed to by another node. The node that
points to a child node is known as the child's parent.

Command-key equivalent: A key sequence tied to a specific pull-down
menu item. Command-key equivalents always consist of a keyboard
key combined with the Command (38) key.

comparative operator: An operator that compares its left side with its
right side, producing a value of either TRUE or FALSE.

comparative relationship: The relationship between the two sides of a
comparative operator that determines whether the operator returns
a value of TRUE or FALSE.

compiler: A program that translates source code into the machine code
understood by a computer.

complex statements: Statements made up of several parts, and possibly
including other statements.

console: A terminal or window that receives the output from Standard
Library functions, such as printf() and echoes the input from the
keyboard.
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Control Manager: The functions in the Macintosh Toolbox that deal
with controls, such as radio buttons, push buttons, and scroll bars.

counter: A variable whose sole purpose is to keep a running count of an
event. The variable that changes each time through a for loop is a
counter.

declaration: A statement used to define a new variable, function, or
type. A variable declaration establishes both the name and type of
the variable.

decrement: Decrease in value. Typically, decrementing a variable
decreases its value by 1.

dereference: Use a pointer to retrieve the contents of the memory
location that the pointer points to.

dimension: The number of array elements associated with an array.

doping: The process of using a laser beam to create impurities in the
silicon of an integrated circuit.

exceeding the bounds: Exceeding the bounds of an array means trying
to access an inappropriate element of the array, such as the S1st int
in an array of 50 ints.

explicit initialization: Initialization that occurs in a variable's
declaration statement.

file: A series of bytes residing on a magnetic storage media. Files are
used as long-term storage for program data.

file mode: The type of access used when opening a file. Examples of file
modes are read, write, and append.

file name: The name associated with a disk file.

Finder: The application that runs when your Macintosh first starts up.
The Finder is the application with all of the windows and icons you
use to launch other applications.

floating-point numbers: Numbers that contain a decimal point. For
example, 3.5, -27.6874, and 3.14159 are all floating-point numbers.

flow control: The ability to control the order in which your program's
statements are executed.
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fractional part: The part of a floating point to the right of the decimal
point.

function: A sequence of source code that accomplishes a specific task. C
functions have a title and a body. The title contains the function's
name and parameters. The body contains the function's code.

function body: The portion of the function that contains the function's
code. The body of a function starts with a left curly bracket and
ends with a right curly bracket.

function parameter: A class of variable that allows data sharing
between a calling function and a called function.

function pointer: A variable containing a pointer to a function.
Function pointers can be used to call the function they point to.

function return value: The value returned by a function. Functions of
type void are the only types of functions that do not return a value.

function title: The portion of a function that contains the function's
name and parameters.

global variable: A variable that is accessible from inside every function
in your program.

graphical user interface (GUI): A user interface that features graphical
elements, such as pictures, icons, and windows. The Mac is a great
example of a graphical user interface.

increment: Increase in value. Typically, incrementing a variable
increases its value by 1.

index: The number used to refer to an individual array element. An
array index usually appears between the brackets following the
array name.

initialization: The process of assigning a value to a variable for the first
time. Initializing a variable in its declaration statement is known as
explicit initialization.

initialized: Containing a known value.

in-order search: A binary tree search that recursively searches a node's
left child, visits the node itself, then recursively searches the node's

right child.
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input buffer: A block of memory designed to accumulate input from the
keyboard for later retrieval by your program.

input device: A device that allows a user to provide input to your
program. The mouse and the keyboard are both input devices.

integer: A whole number, such as 1, -26, or 3,876,560.

integer part: The part of a floating-point number to the left of the
decimal point.

Integrated Circuit (IC): An electronic device with a body, constructed of
many fine layers of silicon, and legs, made of a conductive material.
Integrated circuits produce a predetermined effect on voltages
applied to their legs. They can be used to control a wide variety of
electronic devices, from the fuel injector in a car to the Macintosh
on your desk.

iteration: The process of stepping through a list or array. for loops that
step from 1 to an upper limit are typical signs of iteration.

key: The field in a tree struct that determines the search order of the
tree.

leaf node: A terminal node of a tree. In a binary tree, a leaf node has
two NULL pointers.

linked list: A data structure consisting of two or more structs, linked
together by pointers.

literal: A constant of any type. The number 123 is an example of an int
literal. "He110" is an example of a literal text string.

loop: Any repeating source code sequence. do, while, and for are
examples of C loop statements.

machine code: A machine readable translation of your source code.
Machine code is made up of the binary digits 1 and 0.

macro: A ffdefine that takes a parameter.
master pointer: The pointer to the first element in a linked list.

memory: A portion of a computer, composed of specially designed
integrated circuits, used for the temporary storage of programs and
data.
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Menu Manager: The functions in the Macintosh Toolbox that deal with
the menu bar and pull-down and pop-up menus.

motherboard: Part of a computer that acts as a docking station for all
of the other elements of the computer. The hard drive, floppy disk
drive, and computer memory all connect to the motherboard.

multi-dimensional array: An array declared with more than one index.

object code: Another name for machine code. THIN C stores its object
code in a project file.

one-dimensional array: An array declared with a single index.

open a file: Perform the necessary work prior to accessing a file's data.
Files can be opened using several different modes, among them read,
write, and append.

operator: A special character (or set of characters) that represents a
specific computer operation. =, ++, and / are examples of operators.

output device: A device that your program uses to provide output to the
user. Most of the programs in this book use the console window as
an output device.

parameter: See function parameter.

parent pointer: A special 4-byte block of memory, associated with the
name of an array, that points to the first element of the array.

passing: The technique of including a parameter in a function call.

pointer: A special variable, designed specifically to hold the address of
another variable.

pointer arithmetic: The process of incrementing or decrementing a
pointer to point to the next or previous memory location.

pointer variable: See pointer.

postfix notation: The use of the ++ or - - operator following a variable.
In postfix notation, the value of the variable is returned before the
variable is incremented or decremented.

postorder search: A binary tree search that recursively searches a node's
left child, recursively searches the node's right child, then visits the
node itself.
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prefix notation: The use of the ++ or - - operator preceding a variable.
In prefix notation, the variable is incremented or decremented
before the value of the variable is returned.

preorder search: A binary tree search that visits a node, then recursively
searches the node's left and right children.

project file: A special file THIN C uses to gather information about
your project. The project object code is stored in the project file.

project window: A window listing each of the source code files
associated with the project. The project window also lists the
current size of the object code associated with each source code file.

prompt: A text string that tells the user what your program expects him

or her to do. For example, a prompt might ask the user to type in a
number between 1 and 10.

random access memory (RAM): See memory.

read a file: The process of transferring the data stored in a file into your
program.

read-only memory (ROM): A memory chip that can be read but not
written to. The Macintosh Toolbox is found on a set of ROM chips
mounted on the Mac's motherboard.

recursion: The process that occurs when a function calls itself.
Recursive functions normally feature a parameter that keeps track
of the depth of the recursion (the number of times the function has
called itself). The recursive function will exit once a terminating
condition has been met.

root node: The first node in a tree. A root node has no parents.
root struct: Another name for a root node.

run: The process of stepping through the compiled version of your
program. THIN C will run your program when you select Run
from the Pro ject menu.

searching: The process of traversing a tree or list, looking for a
particular feature or value.

signed: A variable capable of storing both positive and negative values.
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simple statement: An assignment statement or function call. Simple
statements never have substatements.

source code: A sequence of statements that tells the computer what to
do. Source code is written in a specific programming language, such
as C or Pascal.

source code editor: A program that allows you to review and modify
your source code. THIN C has a source code editor built in.

Standard Library: A set of built-in functions that comes with every
ANSI standard compiler.

statement: A combination of function calls, operators, and variables
that performs a set of computer operations. Statements are usually
followed by a semicolon.

stepping through: Usually associated with an array or a linked list.
Stepping through an array or linked list means performing an
operation on each element of the array or linked list.

string constant: A string literal, such as "Hel1o0".

string manipulation: The process of copying or altering a string
variable. String manipulation is normally performed on a 0-
terminated string embedded in an array of chars.

syntax error: An error in your source code that prevents the compiler
from compiling your code. THIN C reports syntax errors by
printing an error message in a separate window.

tech block: A block of text set off in its own little box, intended to add
a bit of technical detail to the subject currently being discussed.
Tech blocks fit in one of three categories: "By the Way,"
“Important,” and "Warning."

terminal node: Another name for a leaf node.
text editor: A program that allows you to review and modify text files.

Text editors are usually able to edit source code and source code
editors are usually able to edit text files.

text string: A sequence of consecutive bytes containing ASCII charac-
ters, usually terminated by a byte with a value of 0. Text strings are
frequently implemented via an array of chars.
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Toolbox: The Macintosh Toolbox contains the Mac's version of the
Standard Library. The Toolbox contains over 700 functions that
make the Mac a Mac. These functions include the Menu Manager,
the Control Manager, the Window Manager, and more.

traversal: The process of stepping through a linked list, binary tree, or
similar data structure. Traversals usually follow a specific pattern,
such as preorder, in-order, or postorder.

type: The class a variable belongs to. A variable's type determines the
type of data that can be stored in the variable. char, int, and float
are examples of variable types.

typecast: A C mechanism for converting a variable from one type to
another.

typecasting: The process of applying a typecast to a variable.

typo: Slang for a typographical error.

unsigned: A variable capable of storing only positive values.

user interface: The part of your program that interacts with the user.

variable: A container for your program's data. Variables have a name
and a type.

variable scope: Within a program, a variable's scope determines where
in the program the variable can be accessed. Local variables are only
accessible within the function they are declared in. Global variables
are accessible throughout the file they are declared in.

variable type: See type.

white space: An invisible character, such as a space, tab, or carriage
return. White space is ignored by the compiler.

Window Manager: The functions in the Macintosh Toolbox that deal
with the display and management of windows on the Mac's screen.

write a file: The process of transferring data stored in your program's
variables out to a disk file.
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addThese.c

AddTheseNumbers( int numl, int num2 )
{

return( numl + num?2 );
}
main()
{

int sum;

sum = AddTheseNumbers( 5, 6 );

printf( "The sum is %d.", sum );

361



362 Appendix B

ASCILc

PrintChars( char l1ow, char high )
{
unsigned char C;

printf( "%d to %d ---> ", low, high );
for ( ¢ = low; ¢ <= high; c++ )
printf( "%c", ¢ );

printf( "\n" );

main()*

{
PrintChars( 32, 47
PrintChars( 48, 57
PrintChars( 58, 64
PrintChars( 65, 90
PrintChars( 91, 96 );
PrintChars( 97, 122 );
PrintChars( 123, 126 );

.
’
’
.
»

.
s

L N N .

cdFiles.c

#include <stdio.h>
#include <stdlib.h>

ffdefine CD_FILE_NAME "cdData"

ffdefine MAX_ARTIST_CHARS 50
ffdefine MAX_TITLE_CHARS 50
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struct CDInfo
{

char rating;
char artist[ MAX_ARTIST_CHARS 1J;
char title[ MAX_TITLE_CHARS 1;

struct CDInfo *next;
}s

extern struct CDInfo *gFirstPtr;

/******************************** COUntCDS ***/

int CountCDs()

{
struct CDInfo *infoPtr;
int numCDs ;

infoPtr = gFirstPtr;
numCDs = 0;

while ( infoPtr != NULL )

{
infoPtr = infoPtr->next;
numCDs++;

}

return( numCDs );

/******************************** F]ushFi]e ***/

void FlushFile( FILE *fp )
{
int c;
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while ( ( (c = fgetc( fp )) != '"\n') && (c != EOF ) )

/******************************** ReadFi]eLjne ***/

void ReadFileLine( FILE *fp, char *1ine )
{
char c¢;

while ( (c = fgetc( fp )) != '\n' )
{

*line = c;

line++;

)

*line = 0;

/******************************** ReadFi]e ***/

char ReadFile()
{

FILE *fp;
struct CDInfo *infoPtr;
int numCDs, num, i;

if ( ( fp = fopen( CD_FILE_NAME, "r" ) ) == NULL )
return( FALSE );

fscanf( fp, "%d", &numCDs );
FlushFile( fp );

for ( i=1; i<=numCDs; i++ )
{
infoPtr = malloc( sizeof( struct CDInfo ) )
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if ( infoPtr == NULL )

{
printf( "Out of memory!!! Goodbye!\n" );
exit( 0 );

}

ReadFileLine( fp, infoPtr->artist );
ReadFileLine( fp, infoPtr->title );
fscanf( fp, "%d", &num );
infoPtr->rating = num;

FlushFile( fp );

AddToList( infoPtr );
}

fclose( fp )

return( TRUE );

/******************************** Wr\]teF-l'le ***/

void WriteFile()
{

FILE *fp;
struct CDInfo *infoPtr;
int numCDs, 1, num;

if ( ( fp = fopen( CD_FILE_NAME, "w" ) ) == NULL )
{

printf( "***ERROR: Could not write CD file!" );
}
else

{
numCDs = CountCDs();

fprintf( fp, "%d\n", numCDs );
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infoPtr = gFirstPtr;

for ( i=1; i<=numCDs; i++ )

{
fprintf( fp, "%s\n", infoPtr->artist );
fprintf( fp, “"%s\n", infoPtr->title );

num = infoPtr->rating;
fprintf( fp, "%d\n", num );
infoPtr = infoPtr->next;

}

fclose( fp );

cdMain.c

#include <stdlib.h>
f#finclude <stdio.h>

ffdefine MAX_ARTIST_CHARS 50
fidefine MAX_TITLE_CHARS 50

struct CDInfo
{

char rating;
char artist[ MAX_ARTIST_CHARS 1;
char title[ MAX_TITLE_CHARS J;

struct CDInfo *next;
} *gFirstPtr, *glastPtr;

/******************************** F]ush ***/

void Flush()
{
while ( getchar() != '\n' )
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/********************************

void
{

ReadLine( char *1ine )

char c;

while ( (¢ = getchar()) !=

{

}

*1ine =

l\nl

*line =
line++;

C;

0;

/********************************

void
{

struct CDInfo

ListCDs()

*curPtr;

if ( gFirstPtr == NULL )

{

}

else

{

ReadlLine ***/
)
ListCDs ***/

printf( "No CDs have been entered yet...\n" );

printf( "\n---------- \n® )

curPtr =

while ( curPtr != NULL )
{

gFirstPtr;

printf( "Artist: %s\n"
printf( "Title: %s\n"
printf( "Rating: %d\n"
printf( "\n---------- \n

, curPtr->artist );
, curPtr->title );
, curPtr->rating ):
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curPtr = curPtr->next;

/******************************** AddTOLiSt ***/

void AddTolList( struct CDInfo *curPtr )

{
if ( gFirstPtr == NULL )
gFirstPtr = curPtr;
else
gLastPtr->next = curPtr;

gLastPtr = curPtr;
curPtr->next = NULL;

/******************************** Readstruct ***/

struct CDInfo  *ReadStruct()

{
struct CDInfo *infoPtr;
int num;

infoPtr = malloc( sizeof( struct CDInfo ) );

if ( infoPtr == NULL )
{

printf( "Out of memory!!! Goodbye!\n" );
exit( 0 );

}

printf( "Enter Artist's Name: " );

ReadLine( infoPtr->artist );
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printf( "Enter CD Title: " );
ReadLine( infoPtr->title );

num = 0;
while ¢ ( num <1 ) || ( num > 10 ) )
{

printf( "Enter CD Rating (1-10): " );
scanf( "%d", &num );
Flush();

}
infoPtr->rating = num;
printf( "\n ---------- \nu ):

return( infoPtr );

/******************************** GetCOmmand ***/

char GetCommand()
{

char command = 0;
while ( (command != 'q') && (command != 'n")
&& (command != '1") )

{
printf( "Enter command (gq=quit, n=new, 1=Tist): " );
scanf( "%c", &command );
Flush();

}

printf( "\n---------- \n" )3
return( command );
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/******************************** ma-in ***/

main()
{
char command;

gFirstPtr = NULL;
glLastPtr = NULL;

ReadFile();

while ( (command = GetCommand() ) != 'q' )
{
switch( command )
{
case 'n':
AddTolList( ReadStruct() ):
break;
case '1':
ListCDs();
break;

}
WriteFile();

printf( "Goodbye..." );

cdTracker.c

f#finclude <stdlib.h>
#finclude <stdio.h>

#define MAX_ARTIST_CHARS 50
#define MAX_TITLE_CHARS 50
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struct CDInfo
{

char rating;
char artist[ MAX_ARTIST_CHARS 1
char title[ MAX_TITLE_CHARS 1;

struct CDInfo *next;
} *gFirstPtr, *glastPtr;

/******************************** F]Ush ***/

void Flush()
{
while ( getchar() != '\n' )

’

/******************************** ReadLjne ***/

void ReadLine( char *1line )
{
char c¢;
while ( (¢ = getchar()) != '\n" )
{
*line = ¢;
linet++;
}
*1ine = 0;

/******************************** LiStCDS ***/

void ListCDs()
{
struct CDInfo *curPtr;
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if ( gFirstPtr == NULL )

{
printf( "No CDs have been entered yet...\n" );
printf( "\n---------- \n" )

}

else

{
curPtr = gFirstPtr;

while ( curPtr [= NULL )

{
printf( "Artist: Z%s\n", curPtr->artist );
printf( "Title:  %s\n", curPtr->title );
printf( "Rating: %d\n", curPtr->rating );

printf( "\n---------- \n" )

curPtr = curPtr->next;

/******************************** AddToL-lst ***/

void AddTolList( struct CDInfo *curPtr )
{
if ( gFirstPtr == NULL )
gFirstPtr = curPtr;
else
glLastPtr->next = curPtr;

glLastPtr = curPtr;
curPtr->next = NULL;
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/******************************** ReadStruct ***/

struct CDInfo *ReadStruct()

{

struct CDInfo *infoPtr;
int num;

infoPtr = malloc( sizeof( struct CDInfo ) );

if ( infoPtr == NULL )

{
printf( “Qut of memory!!! Goodbye!\n" );
exit( 0 );

}

printf( "Enter Artist's Name: " );
Readline( infoPtr->artist );

printf( "Enter CD Title: " );
ReadLine( infoPtr->title );

num = 0;

while ( ( num <1 ) [| ¢ num > 10 ) )

{
printf( "Enter CD Rating (1-10): " );
scanf( "%d", &num );
Flush();

]

infoPtr->rating = num;
printf( "\n---------- \n" )3

return( infoPtr );
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/******************************** GetCommand ***/

char

{

GetCommand()
char command = 0;

while ( (command != 'q') && (command != 'n')
&& (command != '1') )
{

printf( "Enter command (gq=quit, n=new, 1=list):

scanf( "%c¢", &command );
Flush();
}

printf( "\n ---------- \nn ):
return( command );

/******************************** main ***/

main()

{

char command;

gFirstPtr = NULL;
gLastPtr = NULL;

[

while ( (command = GetCommand() ) != 'q' )
{
switch( command )
{
case 'n':
AddToList( ReadStruct() ):
break;
case '1':
ListCDs();
break;

);
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}

printf( "Goodbye..." );

dice.c

Ro110ne()

{
long rawResult;
int roll;

rawResult = rand();
roll = (rawResult * 6) / 32768;

return( roll + 1 );
}

PrintX( int howMany )
{
int i;

for ( i=0; i<howMany; i++ )
printf( "x" );
}

PrintRol1s( int rolls(] )

{
int i

for ( i=0; i<1l1l; i++ )

{
printf( "%2d (%3d): ", i+2, rolls[ i ] ):
PrintX( rolls[ i 1/ 10 );
printf( "\n" );
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main()

{
int rolls[ 11 ], twoDice, 1i;

srand( clock() );

for ( i=0; i<1l; j++ )
rollsf i ] = 0;

for ( i=1; i <= 1000; i++ )

{
twoDice = Ro110ne() + Rol110ne();
++ rolls[ twoDice - 2 ];

}

PrintRol1s( rolls );

drawDots.c

DrawDots( int numDots )
{
int i;

for (i =0; i < numDots; i++ )
printf( "." );
}

main()
{

DrawDots( 30 );
}
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float.c

main()
{
float  myNum;

myNum = 123.456;

printf( "myNum = %Zf\n", myNum );
printf( "myNum = %.2f\n", myNum );
printf( "myNum = %.4f\n", myNum );
printf( "myNum = %10.4f\n", myNum );

[l

funcPtr.c

#include <stdio.h>

/******************************** Squarelt ***/

int Squarelt( int num )
{

return{( num * num );
)

/******************************** main ***/

main()

{
int (*myFuncPtr)( int ):
int num = 5;

myFuncPtr = Squarelt;

printf( "%d squared is %d.", num, (*myFuncPtr)( num ) );
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hello.c

main()
{

printf( "Hello, world!" );
}

hello2.c

SayHello()
{

printf( "Hello, world!" );
}

main()
{

SayHello();
}

isOdd.c

main()
{
int i

for (i =1; i <= 20; i++ )
{
printf( "The number %d is ", i );

if (1 /72)*2=1)
printf( "even" );
else
printf( "odd" );

if ( (i /3)*3==1)
printf( " and is a multiple of 3" );



Complete Program Listings 379

printf( ".\n" );

iterate.c

f#finclude <stdio.h>

/******************************** ma-in ***/

main()
{
int i, num, fac;

num = 5;
fac = 1;

for ( i=1; i<=num; i++ )
fac *= i;

printf( "%d factorial is %d.", num, fac );

listPrimes.c

IsItPrime( int candidate )
{
int i, foundFactor;

foundFactor = FALSE;
for ( i = 2; i < candidate; i++ )
{
if ( (candidate / i) * i == candidate )
foundFactor = TRUE;
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return( foundFactor == FALSE );
}

main()
{
int i;

for ( i =1; i <= 50; i++ )
{
if ( IsItPrime( i ) )
printf( "%d is a prime number.\n", i );

name.c

main()

! char name[ 50 ];
printf( "Type your first name, please: " );
scanf( "%s", name );
printf( "Welcome, %s.\n", name );

printf( "Your name is %d characters long.",
strien( name ) );

nextPrime.c

main()

{
int startingPoint, candidate, i;
int done, foundFactor;
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done = FALSE;
startingPoint = 19;
candidate = startingPoint;

while ( ! done )
{
candidate++;

foundFactor = FALSE;
for ( i = 2; i < candidate; i++ )
( .
if ( (candidate / i) * i == candidate )
foundFactor = TRUE;
}

done = (foundFactor == FALSE);
}

printf( “The next prime after %d is %d. Happy?",
startingPoint, candidate );

operator.c

main()
{
int mylnt;

mylnt = 3 * 2;
printf( "myInt ---> %d\n", mylnt );

myInt += 1;
printf( "myInt ---> %Zd\n", myInt );

mylnt -=5;
printf( "myInt ---> %&d\n", myInt );
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myInt *= 10;
printf( "myInt ---> %d\n", myInt );

mylnt /= 4;
printf( "myInt ---> %d\n", myInt );

mylnt /= 2;
printf( "myInt ---> %d", myInt );

postfix.c

main()

{ int myInt;
mylnt = 5;

printf{ "myInt ---> %d\n", mylnt++ );
printf( "myInt ---> %d", ++myInt );

power.c

int printExtralnfo;

DoPower( int *resultPtr, int base, int exponent )
{
int i, temp;

if ( printExtralnfo )
printf( "\t---> Starting DoPower()...\n" );

temp = base;
for ( i =1; i < exponent; i++ )
temp *= base;



Complete Program Listings 383

*resultPtr = temp;
if ( printExtralnfo )
printf( "\t---> Leaving DoPower()...\n" );

}
main()
{

int power;

printExtralnfo = FALSE;

if ( printExtralnfo )
printf( "---> Starting main()...\n" );

DoPower( &power, 2, 5 );
printf( "2 to the 5th = %d.\n", power );

DoPower( &power, 3, 4 );
printf( "3 to the 4th = %d.\n", power );

DoPower( &power, 5, 3 );
printf( "5 to the 3rd = %d.\n", power );

if ( printExtralnfo )
printf( "---> Leaving main()...\n" );

printFile.c

##include <stdio.h>

main()

{
FILE *fp;
int ¢c;
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fp = fopen( "My Data File", "r" );
if ( fp != NULL )
{
while ( (c = fgetc( fp )) != EOF )
putchar( ¢ ):

fclose( fp ):

recurse.c

#include <stdio.h>

/******************************** ma]‘n ***/

main()
{
int result, num;

num = 5;
result = factorial( num );

printf( "%d factorial is %d.", num, result ):

int factorial( int num )

if ( num > 1 )
num *= factorial( num - 1 );

return( num );
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slasher.c

main()

{
printf( "0000000000\r" );
printf( "11111\n" );
printf( "0000\b\bll\n" );

printf( "Here's a backslash...\\...for you.\n" );
printf( "Here's a double quote...\"...for you.\n" );

printf( "Here's a few tabs...\t\t\t\t...for you.\n" );

printf( "Here's some beeps...\a\alala...for you." );

squarelt.c

Squarelt( int  number, int *squarePtr )
{

*squarePtr = number * number;
}

main()
{
int square;

Squarelt( 5, &square );

printf( "5 squared is %d.", square );
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structSize.c

ffdefine MAX_ARTIST_CHARS 50
ffdefine MAX_TITLE_CHARS 50
struct CDInfo

{
char rating;
char artist[ MAX_ARTIST_CHARS J;
char title[ MAX_TITLE_CHARS 1J;
N
main()
{
struct CDInfo mylInfo;

printf( "rating field: %d bytes\n",
sizeof( myInfo.rating ) );

printf( "artist field: %d bytes\n",
sizeof( myInfo.artist ) );

printf( "title field: %d bytes\n",
sizeof( myInfo.title ) );

printf( *  -e------- \n" ),

printf( "myInfo struct: %d bytes",
sizeof( myInfo ) );

sumFive.c

main()
{
int i, num, sum;
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sum = 0;

for ( i=1; i<=5; i++ )

{
printf( "Enter number %d --->", i );
scanf( "%d", &num );
sum = sum + num;

)

printf( “The sum of these numbers is %d.", sum );

windowMaker.c

/********************************************************/

/* */
/* WindowMaker Code from Chapter Seven of */
/* */
/* *** The Macintosh Programming Primer *** */
/* */
/* Copyright 1989, Dave Mark and Cartwright Reed */
/* */
/* WindowMaker handles desk accessories, as well */
/* as error checking and a few other things. Since */
/* we went to press, we've made a few minor changes */
/* to WindowMaker. The changes are commented and are */
/* found in the HandleEvent routine. */
/* */
/* The WindowMaker project is a good place to start */
/* with your own standalone application code. */
/* */
/********************************************************/
ftdefine BASE_RES_ID 400

fidefine NIL_POINTER oL

jtdefine MOVE_TO_FRONT -1L

fidefine REMOVE_ALL_EVENTS 0
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ftdefine
fidefine
f#define

ffdefine
ffdefine
ffdefine

ffdefine
ffdefine
ffdefine
ffdefine

fdefine
fidefine
{idefine

ffdefine
ffdefine
fidefine
ffdefine
ftdefine

ffdefine
{fdefine
fidefine
fidefine

fdefine
jidefine

ffdefine

ftdefine
ftdefine

ffdefine
ftdefine

APPLE_MENU_ID 400
FILE_MENU_ID 401
EDIT_MENU_ID 402
ABOUT_ITEM 1

ABOUT_ALERT 400
ERROR_ALERT_ID 401

NO_MBAR BASE_RES_ID
NO_MENU BASE_RES_ID+1
NO_PICTURE BASE_RES_ID+2
NO_WIND BASE_RES_ID+3
NEW_ITEM 1

CLOSE_ITEM 2

QUIT_ITEM 3

UNDO_ITEM 1

CUT_ITEM 3

COPY_ITEM 4

PASTE_ITEM 5

CLEAR_ITEM 6

DRAG_THRESHOLD 30
WINDOW_HOME_LEFT 5
WINDOW_HOME_TOP 45
NEW_WINDOW_OFFSET 20

MIN_SLEEP oL
NIL_MOUSE_REGION oL
LEAVE_WHERE_IT_IS  FALSE
WNE_TRAP_NUM 0x60
UNIMPL_TRAP_NUM 0x9F
NIL_STRING "\p"
HOPELESSLY_FATAL_ERROR "\pGame over,

man!"”



Complete Program Listings

389

Boolean gDone, gWNEImplemented;
EventRecord gTheEvent;

MenuHandle gAppleMenu, gEditMenu;
PicHandle  gMyPicture;

Rect gDragRect;
int gNewWindowlLeft = WINDOW_HOME_LEFT,
gNewWindowTop = WINDOW_HOME_TOP;

/******************************** ma-in *********/

main()

{
ToolBoxInit();
MenuBarInit();
LoadPicture();
SetUpDragRect();

MainLoop();

[RFEKEK KK KKKk * R KRR KR KK* Xk kkkkkkkxk*x*%x ToolBoxInit */

ToolBoxInit()
{
InitGraf( &thePort );
InitFonts();
FlushEvents( everyEvent, REMOVE_ALL_EVENTS );
InitWindows();
InitMenus();
TEInit();
InitDialogs( NIL_POINTER );
InitCursor();
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FA R L MenuBarInit */

MenuBarInit()
{
Handle myMenuBar;

if ( ( myMenuBar = GetNewMBar( BASE_RES_ID ) ) ==
NIL_POINTER ) ErrorHandler( NO_MBAR );

SetMenuBar( myMenuBar );

if ( ( gAppleMenu = GetMHandle( APPLE_MENU_ID ) ) ==
NIL_POINTER ) ErrorHandler( NO_MENU );

if ( ( gEditMenu = GetMHandle( EDIT_MENU_ID ) ) ==
NIL_POINTER ) ErrorHandler( NO_MENU );

AddResMenu( gAppleMenu, 'DRVR' );
DrawMenuBar();

/******************************** Loadpicture *********/

LoadPicture()
{
if ( ( gMyPicture = GetPicture( BASE_RES_ID ) ) ==
NIL_POINTER ) ErrorHandler( NO_PICTURE ):

/******************************** SetUpDragRect *********/

SetUpDragRect ()

{
gDragRect = screenBits.bounds;
gDragRect.left += DRAG_THRESHOLD;
gbDragRect.right -= DRAG_THRESHOLD;
gDragRect.bottom -= DRAG_THRESHOLD;
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JRHrII KKK RKK KK KR KKK KKK RRRKKKIARAK Mainloop *****kkkx/

MainLoop()
{
gDone = FALSE;
gWNEImplemented = ( NGetTrapAddress( WNE_TRAP_NUM,
ToolTrap ) != NGetTrapAddress
( UNIMPL_TRAP_NUM, ToolTrap ) );
while ( gDone == FALSE )
{
HandleEvent();
}

/************************************* Hand] eEvent */

HandleEvent()
{
char theChar;
GrafPtr oldPort; /* This variable is used in
updateEvt handling -
It is not in the book... *x/

if ( gWNEImplemented )
WaitNextEvent( everyEvent, &gTheEvent, MIN_SLEEP,
NIL_MOUSE_REGION );
else
{
SystemTask();
GetNextEvent( everyEvent, &gTheEvent );
}

switch ( gTheEvent.what )
{
case mouseDown:
HandleMouseDown();
break;
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case keyDown:
case autoKey:
theChar = gTheEvent.message & charCodeMask;
if (( gTheEvent.modifiers & cmdKey ) != 0)
{
AdjustMenus();
HandleMenuChoice( MenuKey( theChar ) );
}
break;
case updateEvt:
/* This code is different than that found in
the book -
Use this version... */
if (!IsDAWindow( gTheEvent.message ) )
{
GetPort( &oldPort );
SetPort( gTheEvent.message );
BeginUpdate( gTheEvent.message );
DrawMyPicture( gMyPicture,
gTheEvent .message );
EndUpdate( gTheEvent.message );
SetPort( oldPort );
}
break;

/************************************* Hand] eMouseDown */

HandleMouseDown()
{
WindowPtr whichWindow;
short int thePart;
long int menuChoice, windSize;

thePart = FindWindow( gTheEvent.where, &whichWindow ):
switch ( thePart )



Complete Program Listings 393

case inMenuBar:
AdjustMenus();
menuChoice = MenuSelect( gTheEvent.where );
HandleMenuChoice( menuChoice );
break;
case inSysWindow:
SystemClick( &gTheEvent, whichWindow );
break;
case inDrag:
DragWindow( whichWindow, gTheEvent.where,
&gDragRect );
break;
case inGoAway:
if ( TrackGoAway( whichWindow, gTheEvent.where ) )
DisposeWindow( whichWindow );
break;
case inContent:
SelectWindow( whichWindow );
break;

}

[FRFEF T IR IR KKKk KKk kkkkkkkkkkkkkkhxkxx AdjustMenus */

AdjustMenus()
{
if (IsDAWindow( FrontWindow() ) )
{
Enableltem(gEditMenu, UNDO_ITEM );
Enableltem(gEditMenu, CUT_ITEM );
Enableltem(gEditMenu, COPY_ITEM );
Enableltem(gEditMenu, PASTE_ITEM );
Enableltem(gEditMenu, CLEAR_ITEM );

else
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Disableltem(gEditMenu, UNDO_ITEM );
Disableltem(gEditMenu, CUT_ITEM );
Disableltem(gEditMenu, COPY_ITEM );
Disableltem(gEditMenu, PASTE_ITEM );
Disableltem(gEditMenu, CLEAR_ITEM );

/************************************* IsDAwindow */

IsDAWindow( whichWindow )
WindowPtr whichWindow;
{
if ( whichWindow == NIL_POINTER )
return( FALSE );
else /* DA windows have negative windowKinds */
return( ( (WindowPeek)whichWindow )->windowKind < 0 ):

/************************************* Hand]eMenuChoice */

HandleMenuChoice( menuChoice )
long int menuChoice;
{

int theMenu;

int theltem;

if ( menuChoice != 0 )

{
theMenu = HiWord( menuChoice );
theltem LoWord( menuChoice ):
switch ( theMenu )
{

case APPLE_MENU_ID :
HandleAppleChoice( theltem );
break;
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case FILE_MENU_ID :
HandleFileChoice( theltem );
break;
case EDIT_MENU_ID :
HandleEditChoice( theltem );
break;
}
HiliteMenu( 0 );

/***************************** Hand]eApp]eChoice *******/

HandleAppleChoice( theltem )
int theltem;
{

Str255 accName;

int accNumber;

switch ( theltem )
{
case ABOUT_ITEM :
NoteAlert( ABOUT_ALERT, NIL_POINTER );
break;
default :
GetItem( gAppleMenu, theltem, accName );
accNumber = OpenDeskAcc( accName );
break;

/****************************** Hand]eFi]eChoice *******/

HandleFileChoice( theltem )
int theltem;
{
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WindowPtr whichWindow;
switch ( theltem )
{
case NEW_ITEM :
CreateWindow();
break;
case CLOSE_ITEM :

96 2403.01.01.10 01/26/93 13.14 98
SOFTHARE, ETC, SaN DIEGD, ©

if ( ( whichWindow = FrontWind &iZonan 34,9

NIL_POINTER ) CHRTOTAL 33.3

=5 o TA) 4

DisposeWindow( whichWindow %g%a:'ﬁﬂ B?A

breaks CASH 407

case QUIT_ITEM :

gDone = TRUE; )

break; aLL RETURNS WUST BE ACTOMPAMIED BY

I RECEIPT WITHIN 30 DAYS -- THANK YOL

/****************************** Hand]eEdit(

HandleEditChoice( theltem )
int theltem;
{

SystemEdit( theltem - 1 );
}

/************************************ Createwjndow */

CreateWindow()
{
WindowPtr theNewestWindow;

if ( ( theNewestWindow = GetNewWindow( BASE_RES_ID,
NIL_POINTER, MOVE_TO_FRONT ) )
== NIL_POINTER )
ErrorHandler( NO_WIND );
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if ( ( (screenBits.bounds.right - gNewWindowLeft)
< DRAG_THRESHOLD ) ||
( ( screenBits.bounds.bottom - gNewWindowTop)
< DRAG_THRESHOLD ) )

gNewWindowLeft = WINDOW_HOME_LEFT;
gNewWindowTop = WINDOW_HOME_TOP;
}

MoveWindow( theNewestWindow, gNewWindowlLeft,
gNewWindowTop, LEAVE_WHERE_IT_IS );

gNewWindowLeft += NEW_WINDOW_OFFSET;

gNewWindowTop += NEW_WINDOW_OFFSET;

ShowWindow( theNewestWindow );

/******************************** DrawMyPicture *********/

DrawMyPicture( thePicture, pictureWindow )
PicHandle  thePicture;
WindowPtr pictureWindow;
{
Rect myRect;

myRect = pictureWindow->portRect;
CenterPict( thePicture, &myRect );
SetPort( pictureWindow );
DrawPicture( thePicture, &myRect );

/******************************** Centerpict *********/

CenterPict( thePicture, myRectPtr )
PicHandle  thePicture;

Rect *myRectPtr;

{
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Rect windRect, pictureRect;

windRect = *myRectPtr;
pictureRect = (**( thePicture )).picFrame;
myRectPtr->top = (windRect.bottom - windRect.top -
(pictureRect.bottom - pictureRect.top))
/ 2 + windRect.top;
myRectPtr->bottom = myRectPtr->top + (pictureRect.bottom
- pictureRect.top);
myRectPtr->left = (windRect.right - windRect.left -
(pictureRect.right - pictureRect.left))
/ 2 + windRect.left;
myRectPtr->right = myRectPtr->left + (pictureRect.right
- pictureRect.left);

/******************************** Error\Hand] er *********/

ErrorHandler( stringNum )
int stringNum;
{
StringHandle errorStringH;

if ( ( errorStringH = GetString( stringNum ) ) ==
NIL_POINTER )
ParamText( HOPELESSLY_FATAL_ERROR, NIL_STRING,
NIL_STRING, NIL_STRING ):
else
{
HLock( errorStringH );
ParamText( *errorStringH, NIL_STRING, NIL_STRING,
NIL_STRING );
HUnlock( errorStringH );
}
StopAlert( ERROR_ALERT_ID, NIL_POINTER ):
ExitToShell();
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wordCount.c

fidefine MAX_LINE_LENGTH 200

fidefine C_RETURN ‘\n'
jidefine C_TAB "\t
ftdefine C_SPACE Cr

main()

{
char line[ MAX_LINE_LENGTH ], *charPtr, inWord;
int numWords;

printf( "Type a line of text, please:\n" );

charPtr = line;:
numWords = 0;
inWord = FALSE;

while ( ( *charPtr = getchar() ) != C_RETURN )

{
if ( (*charPtr != C_TAB) && (*charPtr != C_SPACE) )
{
if (! inWord )
{
inWord = TRUE;
numWords++;

}
else
inWord = FALSE;

charPtr++;
}

printf( "You just typed %d word", numWords );
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if ( ( numWords > 1 ) || ( numWords == 0 ) )
printf( "s." };

else
printf( "." );
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C Syntax Summary

The if Statement

syntax:

if ( expression )
statement

example:

if ( numEmployees > 20 )
BuyNewBuilding();

alternate syntax:

if ( expression )
statement
else
statement

example:

if ( temperature < 60 )
WearAdacket(); 401
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else
BringASweater();

The while Statement

syntax:

while ( expression )
statement

example:

while ( FireToolLow() )
AddAnotherlog();

The for Statement

syntax:

for ( expressionl ; expression2 ; expression3 )
statement

example:

int 1, myArray[ 100 J;

for ( i=0; i<100; i++ )
myArray[ i ] = 0;

The do Statement

syntax:

do
statement
while ( expression ) ;
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example:

do
SpendABuck();
while ( Stil1GotAFew() ) ;

The switch Statement

syntax:

switch ( expression )
{
case constant:
statements
case constant:
statements
default:
statements

example:

switch ( theYear )
{
case 1066:
printf( "Battle of Hastings" );
break;
case 1492:
printf( "Columbus sailed the ocean blue” );
break;
case 1776:
printf( "Declaration of Independence\n" );
printf( "A very important document!!!" );
break: -
default:
printf( "Don't know what happened during this year" );
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The break Statement

syntax:

break;

example:

i=1;

while (i <=9 )
{
PlayAnInning( i );
if ( ItsRaining() )
break;
j++;

The return Statement

syntax:

return;

example:

if ( FatalError() )
return;

alternate syntax:

return( expression );

example:

int AddThese( int numl, int num?2
{

return( numl + num2 );
}
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Standard
Library Functions
Used in This Book

THE STANDARD LIBRARY FUNCTION DESCRIPTIONS IN THIS
appendix were taken from the pages of the Standard Libraries
Reference that comes with THINK C. They represent only a small part
of the Standard Library, limited to those functions that appear in this
book. When you get your copy of THINK C, spend some time with the
real Standard Libraries Reference, getting to know each and every one
of the Standard Library functions. You never know when you'll need
one of them. For example, you'll notice that each entry in this appendix
includes See Also, a reference to related Standard Library functions.
Some of the See Also functions may not appear in this appendix. You
will find them in the THINK C Standard Libraries Reference, though.
Remember, if you can't find it in this appendix, don't give up!

405
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clock

Library ANSI

Syntax ftinclude <time.h>
clock_t clock(void)

Description clock() determines the elapsed time since power-up, in
clock ticks.
The time in seconds is clock() / CLOCKS_PER_SEC.
clock() is useful for calculating durations.

Returns The elapsed time since power-up, in clock ticks, if
successful.
(clock_t) -1, if that time is not available or its value
cannot be represented.

exit

Library ANSI

Syntax #include<stdlib.h>
void exit (int status);

Description  exit() terminates the program normally.
exit() executes all functions registered with _atexit()
or atexit(), flushes all open output streams, closes all
open files, and removes all temporary files.
The status argument is ignofed.

See Also _exit(), abort().
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fclose

Library ANSI

Syntax f##include <stdio.h>
int fclose(FILE *stream);

Description fclose() flushes the stream that stream points to and
closes the file that is associated with that stream.
fclose() delivers any unwritten buffered data to the
host environment and discards any unread buffered data.

fclose() won’t close or deallocate buffers that the
program allocated itself (e.g., by handing a buffer to
setbuf()), but it will close buffers that were allocated
automatically (e.g., by setbuf (), if the program called
setbuf() but did not hand it a buffer, or by fopen()).

The difference between fclose() and the Unix Library
function close() is that fclose() takes a file pointer as
its argument, while close() takes a file descriptor
number.

Returns 0 (zero), if successful.

EOF, if failure.
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fgetc

Library
Syntax

Description

Returns

See Also

ANSI

ffinclude <stdio.n>

int fgetc(FILE *stream);

fgetc() reads in the next character from the given
stream.

fgetc() returns an unsigned integer in the range 0 - 255
(decimal), or EOF.

Since fgetc() returns the integer value of the character,
it is useful for getting bytes from binary files.

To read in multiple characters more efficiently, you can
also use fread() or fgets(). To read text and data
directly into variables, use scanf ().

The next character from the input stream, if successful.

EOF, if failure. Also, it sets the file’s error indicator if
there was a read error, and sets the file’s EOQF indicator if
it reaches the end of the file.

fread(), fgets(), fscanf(), getc(), gets(), read(),
scanf().
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fopen
Library ANSI
Syntax ffinclude <stdio.h>
FILE *fopen(char *filename, char *mode);
Description  fopen() opens the given file. fopen() automatically

allocates a buffer for the file’s stream, creates a new
stream, and sets the stream to be fully buffered. fopen()
clears the error and EOF indicators for the stream.

These are the arguments to fopen():
filename pointer to the name of the file.

mode pointer to a string describing how to open
the file.

The three main modes are read, write, and append. Each
mode has a similar set of variations: read binary, write
binary, append binary, and so on.

These are all the possible modes:

String Mode

r Open this text file for reading.

w Truncate this text file to zero length, or
create a new text file for writing.

a Append to this file. That is, open or create
this text file for writing at end-of-file.

rb Open this binary file for reading.

wb Truncate this binary file to zero length, or
create a new binary file for writing.

ab Append to this binary file. That is, open or
create this binary file for writing at end-of-
file.

r+ Open this text file for updating (reading and

writing).
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Returns

See Also

w Truncate this text file to zero length or create
a new text file for updating (reading and
writing).

a+ Open this text file for updating (reading and

writing), but append all writing at the end of
the file.

r+b or rb+ Open this binary file for updating (reading
and writing).

w+b or wb+ Truncate this binary file to zero length or
create a new binary file for updating.

a+b or ab+ Open this binary file for updating (reading
and writing), but append all writing at the
end of the file.

When opening a file for reading (i.e., mode is r, rb, r+, or
r+b/rb+) and there is no file named filename, fopen()
fails and returns NULL.

When opening a file for appending (i.e., mode is a, ab, a+,
a+b, or ab+), all writing is appended to the end of the
file, regardless of intervening calls to fseek ().

When opening a file for updating (i.e., + is the second or
third character in mode), the program can both read from
and write to the associated stream. However, between a
read and a write (or vice versa), the program must make
an intervening call to fflush() or one of the file
positioning functions (fseek(), fsetpos(), or
rewind()).

A pointer to the stream, if successful.
NULL, if failure.

open(), fileno(), fclose(), fflush(), fread(),
fwrite().

freopen() opens a file on a specific stream.
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fprintf
Library ANSI
Syntax #include <stdio.h>
int fprintf(FILE *stream, char *format, ...)

Description  fprintf() writes to the given stream. It takes the output
from the data arguments, converts them according to the
format specifiers in the format argument, and writes the
result to the stream that stream points to.

These are the arguments to fprintf():
stream The stream fprintf() writes to.
format Pointer to a string of format specifiers.

Represents the list of data that fprintf()
writes.

For more information on the format specifier, refer to
Figure D.1 in the entry for printf.

The data fprintf() prints must consist of valid
expressions.

Returns The number of characters printed, if successful.
A negative value, if failure.

See Also fscanf(), printf(), scanf(), sprintf(), sscanf(),
viprintf(), vprintf(), vsprintf().
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fputc

Library ANSI

Syntax ffinclude <stdio.h>
int fputc(int ¢, FILE *stream);

Description  fputc() adds a single character c to the output stream
stream.
fputc() writes the character at the position indicated by
the file position indicator that is associated with the
stream. It then advances the indicator appropriately.
If the file cannot support positioning requests, or if the
stream was opened with append mode (see fopen()),
fputc() appends the character to the end of the output
stream.

Returns The integer value of the character c, if successful.
EOF, if failure (e.g., file is read only).

See Also putc(), fputs(), fwrite(), fprintf().

fputs

Library ANSI

Syntax #include <stdio>
int fputs(char *s, FILE *stream);

Description  fputs() writes the string to which s points to the stream
to which stream points.
The string must end in a NULL (*'\0"'), but fputs() does
not write the NULL to the stream.

Returns 0 (zero), if successful.
EOF, if failure.

See Also puts(), fprintf(), fwrite(), fputc().
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free

Library ANSI

Syntax finclude <stdlib.h>
void free(void *ptr);

Description  free() releases the block of memory that ptr points to,
making the memory available for further allocation.

Note: Make sure the argument free() receives is a
pointer returned earlier by calloc(), malloc(), or
realloc(). Otherwise, the results are unpredictable.

free() keeps its own internal accounting of how much
memory to free.

If ptris a NULL pointer, free() performs no action.
See Also calloc(), malloc(), cfree().
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fscanf

Library
Syntax

Description

Returns

See Also

ANSI

f#finclude <stdio.h>
int fscanf(FILE *stream, char *format, ...);

fscanf() reads from the given stream. It separates the
input according to the format specifiers in the format
argument and stores the results in the objects pointed to
by the data arguments.

fscanf() is the input analog of fprintf(). If the format
is exhausted while arguments remain, fscanf() will
evaluate the excess arguments but will otherwise ignore
them.

These are the arguments to fscanf():
stream The stream from which fscanf() should read.
format Pointer to a string of format specifiers.

Represents the items into which fscanf() will
store the data it reads. These items must all be
pointers.

For more information on the format specifier refer to
Figure D.1 in the entry for printf.

The number of items successfully assigned, if successful.
This can be fewer than the number of items in its
argument list or even zero in the event of an early
matching failure (i.e., when an input argument does not
match what fscanf () is looking for).

EOF, if an input failure occurs before it performs any data
conversion.

fprintf(), printf(), scanf(), sprintf(), sscanf(),
viprintf (), vprintf(), vsprintf().
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getchar

Library ANSI

Syntax ftinclude <stdio>
int getchar(void)

Description getchar() is a macro that calls fgetc(), supplying
stdin as the argument. This gets the next character from
the standard input.

Returns The integer value of the character, if successful.

EOF, if error or end-of-file.

malloc

Library ANSI

Syntax ffinclude <stdlib.h>
void *malloc(size_t size);

Description malloc() allocates a block of memory for an object.
size specifies the size of the object.

Unlike calloc(), malloc() does not clear the block of
memory.
To free the memory that malloc() allocates, use free().

Returns A pointer to the block of space, if successful.

NULL, if failure.
See Also free(), calloc(), realloc().
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printf
Library ANSI
Syntax ffinclude <stdio.h>
int printf(char *format, ...);
Description printf() performs the same operations as fprintf()
except that printf() writes its output to stdout.
For more information on the format specifier refer to
Figure D.1.
Returns The number of characters it wrote to stdout, if
successful
A negative value, if failure.
See Also fprintf(), fscanf(), scanf().
Type of
Format .
Character Corresponding Output
Argument
c int a single character
d int a signed integer
f float a sighed float
i int a sighed integer
- Default precision of 1
- Pads the result with zeros
u] void * a pointer, displayed in hexadecimal
s char * a zero terminated string
u unsigned int an unsignhed integer
8 ho argument a single 8 character

Figure D.1 Table of Format specification characters.
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putchar

Library ANSI |

Syntax #include <stdio.h>
int putchar(int c¢);

Description  putchar() calls the fput() function, supplying stdout
as the output stream.
putchar() is implemented as a macro rather than a true
function.

Returns The character written, if successful.
EOF, if failure. It also sets the error indicator for the
stream.

See Also putc(), puts(), printf().

rand

Library ANSI

Syntax finclude <stdlib.h>
int rand(void);

Description rand() returns a pseudo-random integer in the range 0
to RAND_MAX.
Successive calls to rand() result in a pseudo-random
sequence of numbers.
If you set the seed (using srand()) to the same number
each time you run your program, you’ll always get the
same sequence of pseudo-random numbers.

Returns A pseudo-random integer in the range 0 to RAND_MAX.

See Also srand().
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scanf

Library ANSI

Syntax finclude <stdio.h>
int scanf(char *format, ...);

Description scanf () performs the same operations as fscanf()
except that scanf () uses stdin as the input stream.

For more information on the format specifier, refer to
Figure D.1 in the entry for printf.

Returns The number of items successfully read, if successful. This
can be fewer than the number of items in the argument
list or even zero in the event of an early matching failure
(i.e., when an input argument does not match what
scanf () is looking for).

EOF, if an input failure occurs before any data
conversion.

srand

Library ANSI

Syntax ##include <stdlib.h>
void srand(unsigned int seed);

Description srand() initializes the pseudo-random number generator,

using its argument as a seed for a new sequence.
Use rand() to produce a pseudo-random number.

Using the same number as the seed for srand() will
always produce the same sequence of numbers.
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strcat

Library ANSI

Syntax f#include <string.h>
char *strcat(char *sl, char *s2)

Description strcat() appends a copy of the string that s2 points to
to the end of the string that s1 points to.

The initial character of s2 overwrites the NULL character
at the end of s1.

Make sure there is enough space for string s2 in the
character array after the end of the string s1.

Returns The value of s1, after s2 has been appended.

strchr

Library ANSI

Syntax finclude <string.h>
char *strchr(char *s, int c);

Description  strchr() locates the first occurrence of ¢ (which it
converts to a char) in the string that s points to.
strchr() considers the terminating NULL character to be
part of the string s.

Returns A pointer to the first occurrence of c in the string s, if ¢

See Also

is found.
The NULL pointer, if ¢ is not found.
strrchr() '
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strcmp

Library ANSI

Syntax f#finclude <string.h>
int strcmp(char *sl, char *s2);

Description  strcmp() compares the string that s1 points to to the
string that s2 points to.

Note that if s1 is a substring of s2, stremp() will return
a number greater than zero because the last characters it
compares will be the terminating NULL (*\0"') character
of s1 against some character in s2.

Returns Positive integer if s1 is greater than s2.

0 if s1 equals s2.
Negative integer if s1 is less than s2.

strcpy

Library ANSI

Syntax finclude <string.h>
char *strcpy(char *sl, char *s2);

Description  strcpy () copies the string that s2 points to (including
the terminating NULL character (*\0')) into the array that
sl points to.

Returns The value of s1.

See Also strncpy ().



Standard Library Functions Used in This Book 421

strlen

Library ANSI

Syntax finclude <strings.h>
size_t strien(char *s);

Description  strlen() computes the length of the string that s points
to.

Returns strlen() returns the number of characters that precede
the terminating NULL character.

strncat

Library ANSI

Syntax ffinclude <string.h>
char *strncat(char *sl, char *s2, size_t n)

Description strncat() appends a copy of the string that s2 points to
to the end of the string that s1 points to, until it has
appended n characters or it has reached the end of string
s2.

The initial character of s2 overwrites the NULL character
at the end of s1.

If strncat() appends n characters without reaching the
end of s2, strncat() will add a terminating NULL
character ('\0').

Make sure there is enough space for s2 in the character
array after the end of the string s1.

Returns The value of s1, after appending the string s2. If n is
negative or zero, it returns s1 unchanged.

See Also strcat().
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strncmp

Library ANSI

Syntax #include <string.h>

. int strncmp(char *sl, char *s2, size_t n);
Description  strncmp() compares the string that s1 points to to the
string that s2 points to, up to a limit of n characters.
strncmp() does not compare characters that follow the
NULL character.

Returns Positive integer  if the first n characters of s1 are
greater than the first n characters of
s2.

0 if the first n characters of s1 are equal
to the first n characters of s2.

Negative integer  if the first n characters of s1 are less
than the first n characters of s2.

See Also stremp().

strncpy

Library ANSI

Syntax #finclude <string.h>

char *strncpy(char *sl, char *s2, size_t n);
Description  strncpy() copies characters from s2 to s1 until either it

has copied n characters or it reaches a NULL character in

s2.

If s2 is shorter than n characters, strncpy () will append

NULL characters to s1 until it has written n characters

there.

Returns The value of s1.
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The Complete THINK C '

Development
Environment

NOW THAT YOU'VE WORKED WITH A SCALED-DOWN
version of THINK C, you’ll want to upgrade to the full version. The
complete THINK C development environment lets you take advantage
of the powerful features and capabilities that have made the THINK
Languages the leading development tools for the Macintosh. This
chapter will describe some of those features, including:

The Project

The Editor

Libraries

Fast turnaround
Source-level debugging

423
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e Inline assembler
¢ Object-oriented programming
¢ The THINK Class Library

You’re familiar with some features of the THINK C environment
from working with the special version of the product included with this
book. In the full version of the product, however, you can take
advantage of many additional features, such as an enhanced project
window, full source-level debugging capabilities, an inline assembler,
and object-oriented programming. Other powerful new features include
an optional optimizer for even tighter code, a class browser for object-
oriented programming, and full ANSI compatibility. In addition, with
the complete version of THINK C, you can build your own double-
clickable applications.

Special
Upgrade
Offer Symantec will upgrade owners of “Learn C on the
Macintosh” to the complete THINK C development
environment for a special price. You can upgrade to the full
version for just $129, almost 50 percent off the price of the
retail product. See the back page for further details and an

upgrade coupon.

Overview of the THINK C Environment

THINK C is a unique development environment for the Macintosh. It
features a very fast compiler, a faster linker, an integrated text editor, an
auto-make facility, and a project organizer that holds all the pieces
together. Because the editor, the compiler, and the linker are all com-
ponents of the same application, THINK C knows when edited source
files need to be recompiled.
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THINK C is a complete, integrated environment, not just a C com-
piler for the Macintosh. Traditional development environments consist
of three separate applications: the editor, the compiler, and the linker. It
is up to you to create your source files with a text editor, run each file
through the compiler, and finally link all your object files. In THINK C,
the three components work in concert as parts of the same application.
This way, THINK C knows when you’ve edited a file. The compiler pro-
duces object code that the linker can put together in an instant. Then
THINK C can launch your program. And because THINK C is still run-
ning, it can launch the source level debugger, so you can debug your
program.

You can run your program from THINK C as you work on it. Your
program runs exactly as if you had launched it from the Finder, not
under a simulated environment. If you use MultiFinder, your program
runs in its own partition while THINK C remains active, so you can
examine and edit your source files as you watch your program run.

With THINK C you can build Macintosh applications, desk acces-
sories, device drivers, and any kind of code resource. The standard C
libraries include all the functions specified in the ANSI C standard, as
well as some additional UNIX operating system functions.

Writing a program in THINK C is like writing a program in any
other development environment. You create your source files, compile
them, then link the object code to create an executable file. The differ-
ence is that in THINK C, you use the same application to do all of this.

The Project

The project is at the heart of the THINK C development environment.
It takes over the functions of several other files in traditional develop-
ment environments. The project holds the object code of all your
compiled source files and maintains the dependencies and connections
among them. It keeps track of files that need to be recompiled or that
depend on an edited #include file. If you’re using the source level
debugger, the project keeps the tables that the debugger needs.
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Figure E.1 shows a sample project window. It contains a list of all
the files that comprise your program. To the right of each file name is
the size of that file’s object code. To the left of each file name is the
“bug” column that THINK C adds to the project window when you
choose the Use Debugger command. THINK C generates debugging
information for files that have gray diamonds next to them.

Rather than producing a separate binary object code file, THINK C
keeps all object code in the project document in ready-to-link form.
Because the project document knows all the files that make up your
program (including header files), it can keep track of changes. When
you edit a source file, the project manager marks it for recompilation.
When you edit an #include file, the project manager marks all the files

that use it.
IE=—— huliseye 7

7 Name obj size

H ¢ bullMenus.c 0 K>
H ¢ bullseye.c o[ |
: ¢ bull¥indow .c 0
MacTraps 0

h

(=2l

Figure E.1
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The Editor

Once you’ve created a project document, the next step is to add your
source files. THINK C source files are standard text files, so you’ll be
able to use existing source files. The THINK C editor uses standard
Macintosh editing techniques, so you’re familiar with its basic opera-
tion. It also provides some features that help you edit C source code. Its
search facilities include a pattern-matching option based on Grep, and a
multi-file search that looks for strings in any file in your project.
Figure E.2 shows a sample search dialog from THINK C.

Search for: Replace with:
myWindouw

[J™Match Words [ 6rep [ Multi-File Search

[J wrap Around g
Ignore Case [ Don't Find |(  Cancel )

Figure E.2

You can open as many files as the memory in your Macintosh will
allow, and each file appears in its own edit window. Although you
usually create and open source or header files, you can also use the
THINK C editor to open any text file.

Holding down the Option key as you click in the title bar of the
project window brings up a pop-up menu containing the names of all
the #include files used in the project. (See Figure E.3.)
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e=——————— MiniEdit.c %ﬂ
ControiMgr.h  pex
DeskMgr.h
DialogMgr.h
The sample application from Inside Macintosh EuentMgr.h

beefed up a bit by Stephen Z. Stein, Think T =
Use this file with the “MiniEdit” chapter of| FileMgr.h

Buggy MiniEdit.c

~ S FontMgr.h

e resources used in this program are in rc

The file was created with ResEdit, so there MacTypes.h

for it. MenuMagr.h
MiniEdit.h

In order for LightspeedC to find the resourc =
project, be sure you’ve named the project Mi{ QuickDraw.h

TexutEdit.h
ToolboxUtil.h
WindowMgr.h [*/

#t% There is a bug in this filel ##*

#include <QuickDraw.h?
#include <MacTypes.h>
#include <FontMgr.h>

#include <WindowMgr.h>

Figure E.3

Libraries

Along with your source files, you must add your libraries to the project
document. Virtually every program you write will need to access the
Macintosh Toolbox. You can call any Macintosh Toolbox routine
exactly as it’s described in Inside Macintosh. The code for Toolbox
routines marked:

[Not In ROM]

as well as the glue code needed to call some of the other Toolbox
routines is in the MacTraps library.

Your THINK C package also includes several other libraries you
can use in your programs. The ANSI library contains the standard
ANSI functions defined in the ANSI standard. The UNIX library
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contains UNIX system functions, including memory calls. You can use
these libraries when you port code from other systems. You can also
create your own libraries in THINK C.

Fast Turnaround

THINK C lets you run your program directly from THINK C. With the
single command RunN, the project manager automatically recompiles the
source files that are new or have changed, and loads any unloaded
libraries. Then the THINK C linker links all your code together
instantly. In this one step you accomplish in seconds what used to take
several minutes or longer.

THINK C launches your program as if you had double-clicked on it
from the Finder. This way, you know exactly how your program will
behave in actual conditions. If you’re running under MultiFinder,
THINK C launches your program in its own partition. Since THINK C
is still running, you can look at your source files while your program is
running.

Source-level Debugging

To help get your program working correctly, you can use THINK C’s
source level debugger. The THINK C debugger lets you debug your
code the way you wrote it: in C. You can set breakpoints, step through
your code, debug objects, examine variables, and change their values
while your program is running. You can set conditional breakpoints
that stop execution only when certain conditions are true. And because
the debugger runs under MultiFinder, you can edit your source files
while you’re debugging.

The debugger windows show you the source of your program and
the values of your variables. The Source window (see Figure E.4) con-
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bullseye.c E=—F—"—01E

maingd

{

oW InitMacintosh({>;
SetUpMenus();
SetUplinhdow();

<&

Figure E.4

tains the source text of your program, the debugger’s status panel, state-
ment markers, the current statement arrow, and the current function
indicator. The title of the Source window is the name of the source file.

The Source window shows the source text of your program. When
you start the debugger, this window shows the file that contains the
main() routine of your application. The top of the Source window has a
six-button status panel. These buttons control the execution of your
program. The column of diamonds running along the left side of the
source text are statement markers. Every line of your program that
generates code gets a statement marker. You can set breakpoints at these
statement markers. When your program is running, the debugger stops
execution just before a breakpoint. You can set three kinds of break-
points: simple breakpoints, conditional breakpoints, and temporary
breakpoints.

The black arrow to the right of the statement markers is the current
statement arrow. This indicator shows you the current statement, the
one the debugger is about to execute. When you start your program, the
current statement arrow is at the first executable line of your program.

The source debugger uses the space at the lower left of the Source
window for the name of the current function. When you click here and
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hold the mouse button down, the debugger displays a pop-up menu
that shows the call chain — the names of the functions that were called
to get to the current function.

The other debugger window is the Data window. (See Figure E.5.)
In this window you can examine and set the values of your variables.
The Data window is modeled after a spreadsheet. You can type variable
names into the entry field (left column), then press the Return or Enter
key. When your program is running, the variable value will appear in
the right column.

Data ====115

vIX

ok j 1 =
theEvent ||struct OxD8CSFC [

e

Figure E.5

Inline Assembler

THINK C lets you use assembly language in your THINK C programs.
You can use THINK C’s built-in inline assembler for assembly language
in your source files, or you can use object files generated by other
assemblers. THINK C works within the compiler to produce object
code. You can use instructions for the Motorola MC68000 and
MC68020 processors and for the MC68881 floating-point coprocessor.



432 Appendix E

You can refer to C variables and functions within assembly language
routines. Your C routines can go to labels in the assembly routines and
vice versa.

Object-Oriented Programming (OOP)

The basic distinction between procedural and object-oriented program-
ming is in the way the two disciplines treat data and action. In pro-
cedural programming, data and action are two separate things. You
define your data structures, then you define some routines to operate on
them. For each data structure you define, you need a new set of routines.

In object-oriented programming, action and data are closely
coupled. When you define your data— your objects— you also define
their actions. Instead of a set of routines that do something to data, you
have a set of objects interacting with each other.

Object-oriented programming is a compelling choice for many pro-
grammers today and THINK C’s built-in OOP capabilities make it
accessible to you whether you’re a novice or more advanced professional.

The THINK Class Library

Object-oriented programming is not hard to learn, but it requires
mastering a few key concepts and a few new words. To make learning
object-oriented programming easier, THINK C comes with the THINK
Class Library.

The THINK Class Library (TCL) is a collection of classes that
implement a standard Macintosh application. The TCL takes care of
things like handling menu commands, updating windows, dispatching
events, dealing with MultiFinder, maintaining the Clipboard, and so on.
The TCL takes care of the common Macintosh interface, so you can
concentrate instead on your program’s functionalism.
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Why Upgrade?

As you can see, the full version of THINK C offers a host of features
not included in this special book-version of the product: the project
document, libraries, full source-level debugging, inline assembler,
object-oriented programming, the THINK Class Library, and more. As
you develop your skills as a Macintosh programmer, you’ll want the
power and flexibility the THINK C development environment offers.
Plus, you can upgrade to the complete version for a special price. See
the coupon at the back of the book for details.
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Answers to
Selected Exercises

Chapter 3

1)
3)
5)
7)
9)

00011010
00001100
01111111
00101111
11111111

11) 11100011
13) 10011101
15) 11110011

Convert these two's complement numbers to decimal:
17) -1

19) -113

21) -64

23) -29
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Chapter 4

1) The error message "invalid declaration" appears.
3) The error message “syntax error" appears.

Chapter 5

1) a.

2)

Qe oo@0on

The text string "Hello, world" is missing its double-quote
characters.

The += operator is reversed.

The format specifier, %d, is missing.

The left and right sides of the assignment are reversed.

70

-1

-8

14

Chapter 6

1) a.

C.

The if statement's expression should be surrounded by
parentheses.
The while loop has parentheses, but is missing an expression.

e. A switch statement cannot switch on a text string. If the

variable i is declared as an int, each case should contain a
number or an int variable.

. The while loop's expression contains an assignment statement

instead of a comparative operator. This code is legal, but it
doesn't make much sense. The expression:

done = TRUE
returns the value of done, which is TRUE. Therefore, the while

expression will always evaluate to TRUE, and the while loop
will continue ad infinitum.
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Chapter 7

1) a. Final value is 25.
c. Final valueis 1.

Chapter 8

1) a. The for loop will never exit. ¢ is declared as a char and has a
range from -128 to 127. If ¢ has a value of 127 and you add 1
to it, c will have a value of -128. Try it yourself...

¢. The text string "a" represents two characters, both 'a' and a
character with a value of 0. You can't assign a text string to a
char variable.

e. The #define of MAX_ARRAY_SIZE must come before the first
reference to it.

g. This code is legal, but it doesn't make much sense. The
problem occurs in the line:

cPtr++ = 0;

This line assigns the pointer variable cPtr a value of 0, then
increments it to 1. These two lines make more sense:

*cPtr = 0;
CPtr++;

With this change in place, the for loop will initialize each
element of the array cto 0.

Chapter 9

a. There's one tiny problem with this declaration and explicit
initialization. The array 1ine is allocated only 5 bytes, but the
text string "hello" needs 6 bytes, 5 for the letters in the word
hello, and 1 byte for the 0 that terminates the text string.
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¢. The declaration of the field employeeNumber should be ter-
minated by a semicolon.

e. The file name "stdio.h" should appear as <stdio.h>.

g. The fields next and prev should be declared as pointers. Also,
a semi-colon should follow the struct declaration.

Chapter 10

1) a. The arguments to fopen() appear in reverse order.

¢. line is declared as a char pointer, yet no memory was allocated
for line to point to. Also, since line is already a pointer, the &
in the call of fscanf() should not be used. Finally, since the file
was opened for writing, an fscanf() is inappropriate.

e. This code has one problem. Once again, line is declared as a
char pointer, yet no memory has been allocated for it to point
to.

Chapter 11

1) a. The problem with this code is in this line:
myDog.next = &myCat;
Since myDog.next is declared as a Dog pointer, some
typecasting should be added to this line. Here's the corrected
version:

myDog.next = (struct myDog *)(myCat.next);

¢. The declaration of myUnion is missing the keyword union.
Here's the corrected declaration:

union Number myUnion;
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e. A pair of parentheses has been left out of the function
pointer declaration and the call of the function pointer. Here's
the corrected code:

_int (*myFuncPtr)( int );

myFuncPtr = main;
(*myFuncPtr)();

g. The parameters in strcpy () appear in reverse order.
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& (address of) operator, 150, 163

* (multiplication) operator, 77

*= (multiplication) operator, 77

+ (addition) operator, 74

++ (increment by 1) operator, 74-
75, 89-91

+= (increment by value) operator,
76

- (subtraction) operator, 74

-- (decrement by 1) operator, 74-
75, 89

-= (decrement by value) operator,
76

{ } (curly braces), 46, 116

/ (division) operator, 77-78

/= (division) operator, 77

32-bit addressing, 153

= (equals) operator, 71-72

\ (cancel character), 93

\" (quotation mark character), 93

\a (beep character), 93

\b (backspace character), 93

\n (newline character), 87, 92, 133

\r (carriage return no line feed
character), 92

\t (single tab character), 93

fidefine, 221-224, 226, 236, 248,
258, 311

#finclude file, 257-258, 269

A

About WindowMaker menu item,
345-346

addThese. c file, 361

AddTheseNumbers () function,
168-169, 171

AddToList() function, 260, 266,
295
AddTwo( ) function, 155
Algorithms, 47-49, 131, 351
Alphabetic characters, 193-194
and (&&) logical operator, 111
AnotherFunction() function,
49
ANSI C (American National Stan-
dards Institute C), 51, 351
ANSI.1ib file, 17-19, 34, 285
Append, 351
Applications, checking memory
size, 35
Arguments, 351
Arithmetic pointers, 356
Arrays, 200-212, 235-247, 351
dimensions, 201-202, 236-238
elements, 200, 351
exceeding bounds, 211-212
explicit initialization, 261
index, 200
multi-dimensional, 236-238,
356
names as pointers, 208
one-dimensional, 236, 356
stepping through, 202
struct, 246
ASCII (American Standard Code
for Information
Interchange), 194
ASCII character set, 194, 199, 351
unprintable characters, 198
uppercase and lowercase letters,
197
ASCII.xfile, 195-197

ASCIT.c file, 199-200, 362

ASCI1 program, 195-197, 199-200

Assignment statements as
expressions, 107

B
Back-up copy of THIN C, 15
Backslash (\) key, 87
Backslash sequence, 87, 351
Backspace character (\b), 93
Balanced tree, 323, 352
Base, raising to exponent power,
175-176
Beep character (\a), 93
Bell curves, 203, 352
Binary
numbers, 37, 39-40, 352
operators, 111
Binary trees, 319-328
balanced tree, 323
comparative relationship, 320
in-order search, 325-327
leaf node, 320
postorder search, 326-327
recursion, 324-328
root node, 320
searching, 324
struct, 320
Bits, 37, 352
break statement, 126-127, 129
syntax, 404
Buffers
input, 216-219, 355
outpur, 284-285
Bytes, 35, 37-38
as negative number, 38
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two's complement notation, 38-
39

C
C programming language, 4
functions, 45-52
Calling functions, 49, 50
Cancel character (\), 93
Carriage return no line feed
character (\r), 92
case, 127-128
Case sensitivity, 58, 352
Cast, 306, 352
cdData file, 285-287
cdFiler.n file, 285, 287-290
cdFiler program, 285-298
cdFiles.c file, 285,291-298,
362-366
cdMain. c file, 285, 366-370
cdMain file, 290-291
cdTracker.x file, 254-256
cdTracker.c file, 256-269, 370-
375
cdTracker program, 254-269
Central Processing Unit (CPU), 29,
352
char variable type, 192-200
Characters, 193-200
Chicago font, 343
Child, 352
Clear menu item, 21
c¢lock() function, 205, 406
Close menu item, 20, 22, 89, 91,
346
Command-key equivalent, 352
Comments, 96-97
Comparative operators, 108-109,
352
!= (not equal to), 109
< (less than), 109
<= (less than or equal to), 109
== (equal to), 109
> (more than), 109
>= (more than or equal to), 109
Comparative relationship, 320, 352
Compilers, 14, 32, 352
Complex statements, 117, 352
Compound expressions, 113
Computers, parts of, 29-31
console, 30
input devices, 30

memory, 30-31

motherboard, 29

operation, 28-29

output devices, 30

storage devices, 30
Console, 30, 352
Console window, 80, 82
Constants, 128
Control Manager, 344, 353
Copy menu item, 21
CountCDs () function, 297-298
Counters, 353
Curly braces, 46, 116
Current function, 430
Current statement, 430
Current statement arrow, 430
Cut menu item, 21

D
Data structures in linked list, 251-
269
Data types (see Type)
DealTheCards() function, 328-
329
Declaration, 353
Declaring variables, 68
Decrement, 353
default case, 127-128
Dereferencing, 154, 353
Development folder, 15
Devices
input, 355
output, 356
dice.nfile, 203
dice.c file, 204-208, 210-211,
375-376
dice program, 203-208, 210-211
Dimension, 353
do statement, 125
syntax, 402-403
Doping, 353
DoPower () function, 175-176,
178-180
doub e variable type, 192
DrawDots () function, 157-161
drawDots .x file, 158
drawDots.c file, 376

E
Edit cursor, 57
Edit menu, 21-22

Editing windows, 18
Elements of arrays, 351
Equal to (==) comparative
operator, 109
Error messages
link failed, 58
syntax error, 57
Exceeding the bounds, 353
exit() function, 263, 406
Explicit initialization, 260-261,
353
arrays and global variables, 261
Expressions, 106-113
assignment statement as, 107
comparative operators, 108-109
compound, 113
literals as, 107
translating values to another
type, 306-307
TRUE and FALSE, 107-109
variables as, 106

F
factorial() function, 316-319
FALSE expressions, 107-109
FALSE literal, 110
fclose() function, 282, 407
fgetc () function, 278-283, 295-
296, 408
File menu, 20, 35, 345-346
File mode, 353
File name, 353
File pointers, stdin and stdout,
282-283
Files, 275-298, 353
See also programs, program
listings, projects, and
individual
program names
#include, 269
addThese.c, 361
ANSI.1ib, 17-19, 34, 285
ASCII.m, 195-197
ASCII.c,362
appending, 277
cdData, 285-287
cdFiler.n, 285-290
cdFiles.c,285,291-298,
362-366
cdMain.c, 285, 366-370
cdMain, 290-291
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cdTracker.m, 254-256
cdTracker.c, 256-269, 370-
375
dice.m, 203
dice.c, 204-208, 210-211,
375-376
drawDots.m, 158
drawDots.c, 376
float.m, 190-191
float.c, 377
funcPtr.c, 377
hello.nm, 15-17,19
hello.c, 15-18, 34, 378
hello2.=w, 55
hello2.m, 52-53
hello2.c, 53,378
is0dd.n, 130-134
is0dd.c, 130, 378-379
iterate.c, 379
listPrimes.n, 172-175
listPrimes.c, 379-380
mode, 276-277
My Data File, 279
name, 276
name.n, 214-216, 219-221
names.c, 380
nextPrime.n, 134
nextPrime.c, 135-138, 380-
381
opening, 276-284, 356
operator.m, 79
operator.c, 79-81, 83-84,
86-88, 381-382
postfix.m, 89
postfix.c, 89-91, 382
power.m, 175-177
power.c, 382-383
printFile.n, 279
printfFile.c,279-284, 383-
384
project, 16, 357
reading, 277-283, 357
recurse.c, 384
slasher.m, 91
slasher.c, 92-93, 385
source code, 16
squarelt.c, 385
stdio.h, 257-259
std1ib.h, 257
structSize.n, 242-243
structSize.c, 243-246, 386

sumFive.c, 386-387
windowMaker .n, 344-346
windowMaker.c, 387-398
wordCount .=, 224-230
wordCount.c, 225, 399-400
writing to, 277, 283-284, 359
Find Text... menu item, 22
Finder, 35, 343, 353
float.x file, 190-191
float.c file, 377
float program, 190-191
f1oat variable type, 189-190, 192
Floating-point numbers, 189-192,
353
Floppy disk system, running THIN
C, 15
Flow charts, 48
Flow control, 104-106, 353
Flush () function, 261, 264, 266
FlushFile() function, 293, 295
Fonts
Chicago, 343
setting for source code files, 21
fopen() function, 276-279, 281,
297, 409-410
for loop, 122-124, 131-132, 135-
136, 160
for statement, 121-124
syntax, 402
Format specifications table, 416
Format specifiers
%c (character), 199
%d (integer), 190, 215
%f (float), 190, 192
%s (0 terminated string), 220,
238,267
fprintf() function, 283-284,
297, 411
fputc () funcrion, 283-284, 412
fputs() function, 283-284, 412
Fractional part, 354
free() function, 250-251, 413
fscanf () function, 278, 293-295,
414
funcPtr,c file, 377
Functions, 45-47, 49-52, 354
AddTheseNumbers(), 168-
169, 171
AddTolist(), 260, 266, 295
AddTwo(), 155
AnotherFunction(), 49

arguments, 84-86
body, 46-47, 354
built-in, 50
calling, 49-50
case sensitivity, 58
clock(), 205, 406
CountCDs (), 297-298
DealTheCards(), 328-329
declaring variables within, 72
DoPower(), 175-180
DrawDots(), 157-161
exit(), 263,406
factorial(), 316-319
fclose(), 282,407
fgetc(),278-283, 295-296,
408
Flush(), 261, 264, 266
FlushFile(), 293,295
fopen(),276-279, 281, 297,
409-410
fprintf(),283-284, 297,
411
fputc(),283-284, 412
fputs(),283-284, 412
free(),250-251, 413
fscanf(), 278, 293-295, 414
getchar(),227,265-266,
278,283,415
GetCommand(), 259-260, 262
IsItPrime(), 173-175
ItsRaining(), 129
left-curly bracket ({), 46
naming, 96
ListCDs(), 260, 266-267
main(), 46-47, 49-50, 54, 65,
131, 160, 167, 173-175,
178, 200, 204-206, 210, 244,
259, 262, 268-269, 280,
292
MakeWindow(), 84
malloc(), 249-252, 257, 263-
264, 294, 415
MyFunction(), 49
parameters, 46, 84-86, 155-
163, 354
passing, 84, 161-163
PassAiong(), 166
pointers, 328-329, 354
print.f(),257
PrintChars(), 199-200
printf(), 47, 50-51, 54, 80,
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83-86, 90-93, 114, 131-132,
138, 175, 190-191, 199,
220, 227, 229, 245-246,
265,267,281-282,416
printf,213
PrintMyVar(), 167
PrintRol1s(), 206, 208,
210-211
PrintX,211
putchar(), 281-282,417
Rand(), 207,417
ReadALine(), 268-269
ReadFile(), 285,290, 293,
295
ReadFilelLine(), 294, 296
ReadlLine(), 264-265
ReadStruct(), 260, 262-263
recursion, 314-319
return(), 168-169
return values, 168, 354
returns, 164, 168-171
right-curly bracket (}), 46
Rol10ne(), 205, 207
RowOfDots(), 160
SayHello(), 52-54
scanf(), 214-215, 217-220,
261,264,278,418
Searcher(), 325-326
sharing variables, 164
sizeof(),245-246, 249
source code in, 54-55
Squarelt(), 162-163
srand( ), 205,418
Standard Library, 51-52
statements, 47
strcat(), 331,419
strchr(), 419
strcmp(), 331, 420
strepy (), 330, 420
strien(), 221, 332, 421
strncat(), 421
strncmp(), 422
strncpy(), 422
text string, 84
titles, 46, 354
types, 262
uninitialized return values, 170-
171
variables, 84, 156, 159
VisitNode(), 325
WriteFile(), 285,291, 296

G
Get Info menu item, 35
getchar() function, 227, 265-
266,278,283, 415
GetCommand () function, 259-
260, 262
glsColor global variable, 181
Global variables, 164-167, 354
adding to programs, 166-167
explicit initialization, 261
glsColor, 181
gPrintExtralnfo, 175-180
memory and, 167
Global struct, 244
gPrintExtralnfo global
variable, 175-180
Graphical user interface (GUI),
342-344, 354

H
Hard disk system running THIN C,
14-15
Hardware requirements, 5
hello.n file, 15-17, 19
hello.c file, 15-18, 34, 378
hello2.n file, 52-53, 55
hello2.c file, 53, 378
hello02 program, 54-55
saving after correcting errors,
58
source code errors, 56-57
[c]hello[c] folder, 15
hello program, 15-16, 49, 54

I
if-else statement, 106
i f keyword, 104
i f statement, 104-105, 108, 114-
115,117
syntax, 401, 402
In-order search, 325-327, 354
Increment, 354
Index, 354
Initialization, 354
explicit, 260-261, 353
variables, 83
Initialized, 354
Input buffer, 216-219, 355
Input devices, 30, 355
Inside Macintosh, 347-348
Installing THIN C, 13-15

int variable type, 188
int variables, 68-79

size of memory, 69
Integer part, 355
Integers, 71, 355
Integrated Circuits (ICs), 28-29,

355

IsItPrime() function, 173-175
is0dd . file, 130-134
is0dd. c file, 130, 378-379
is0dd program, 130
iterate.c file, 379
Iteration, 314-315, 355
ItsRaining() function, 129

K
Key, 355

L
Leaf node, 320, 355
Less than (<) comparative operator,
109
Less than or equal to (<=)
comparative operator, 109
Link Errors window, 58
link failed dialog box, 58
link failed error message, 58
Linked list, 251-269, 288-290, 355
master pointer, 252
ListCDs () function, 260, 266~
267
listPrimes.n file, 172-175
listPrimes.c file, 379-380
1istPrimes program, 172-175
Literals, 71, 355
as expressions, 107
FALSE, 110
TRUE, 110
Logical operators, 110-112
| (switch TRUE/FALSE), 110-
111
&4& (and), 111
|| (or), 112
Loops, 121-129, 355§
counters, 120
for, 131,132
initialization, 119
modification, 119-120
termination, 119-120
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M
Machine code, 14, 22, 32, 34, 355
Macintosh C Programming Primer,
348-349
Macintosh Programming Secrets,
349
Macintosh Toolbox, 342-344
Control Manager, 344
Menu Manager, 343
using in your programs, 346-
347
Window Manager, 344
Macintosh user interface, 341-342
Macros, 224, 355
main() function, 46-47, 49-50,
54, 65,131, 160, 167, 173-
175, 178, 200, 204-206,
210, 244, 259, 262, 268-
269, 280,292
MakeWindow() function, 84
malloc() function, 249-252, 257,
263-264, 294, 415
address, 250-251
Master pointer, 252, 355
Memory, 30-31, 355
allocating, 248-249
checking for applications, 35
deallocating, 250-251
global variables and, 167
Model A program usage, 239-
240
RAM (Random Access
Memory), 35-39
size for variables, 69-70
text strings, 213-216, 219-221
Menu Manager, 343, 356
Menus, 20-23
Edit, 21, 22
File, 20, 35, 345-346
Project, 22-23, 35, 49, 55, 79,
89, 91
Model A program, 236-238
memory usage, 239-240
Model B program, 240-242
More than (>) comparative
operator, 109
More than or equal to (>=)
comparative operator, 109
Motherboard, 29, 356
Multi-dimensional arrays, 236-238,
356

My Data File file, 279
MyFunction() function, 49

name program, 214-216, 219-221
name.x file, 214-216, 219-221
names. c file, 380
Naming
functions, 96
variables, 69, 96
New menu item, 14, 20, 345
Newline character (\n), 87, 92, 133
nextPrime.x file, 134
nextPrime. c file, 135-138, 380-
381
Not equal to (!=) comparative
operator, 109
Notation
postfix, 356
prefix, 357
Numbers
checking odd and even, 130-133
dividing by zero, 115-116
floating-point, 189-192, 353
prime, 134-138, 172-175, 314
raising base to exponent power,
175-176
squaring, 162
whole, 188
Numerical constants, 71

(0]
Object code, 22, 34, 356
deleting, 35
One-dimensional arrays, 236, 356
Open... menu item, 14, 20, 22
Opening files, 356
Operating system requirements, 5
operator.r file, 79
operator.c file, 79-88, 381-382
source code, 83-88
Operators, 71-81, 83-84, 356
See also comparative operators
and logical operators
& (address of), 150, 163
* (multiplication), 77
* (star), 151-152, 154, 161
*= (multiplication), 77
+ (addition), 74
++ (increment by 1), 74-75, 89-
91

+= (increment by value), 76
- (subtraction), 74
-- {decrement by 1), 74-75, 89
-= {decrement by value), 76
/ (division), 77-78
/= (division), 77
= (equal), 71-72
binary, 111
comparative, 108-109, 352
defining precedence with (),
78-79
logical, 110-112
postfix notation, 75-76, 89-91
precedence, 78
prefix notation, 75-76, 89
unary, 111
Or (] |) logical operator, 112
Output
buffers, 284-285
devices, 30, 356

P

Page Setup... menu item, 20
Parameters, 356
functions, 354
passing, 84
Parent pointer, 208-211, 356
PassAlong() function, 166
Passing, 356
Paste menu item, 21
Pointer variable, 150-154
declaring, 151-154
Pointers, 138, 144-163, 356
adding level of indirection, 147
arithmetic, 229, 356
array names as, 208
dereferencing, 154
functions, 328-329, 354
master, 355
parent, 208-211, 356
struct and, 247
typecasting, 308-309
variables, 356
Postfix notation, 75-76, 89-91, 356
postfix.nfile, 89
postfix.c file, 89-91, 382
source code, 90-91
Postorder search, 326-327, 356
power . file, 175-177
power.c file, 382, 383
power program, 175-181
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source code, 177-181
Prefix notation, 75-76, 89, 357
Preorder search, 357
press <<return>> to exit window,
80
Prime numbers, 134-138, 172-175,
314
Print... menu item, 20
print.f() function, 257
PrintChars() function, 199,
200
printf{) function, 47, 50-51, 54,
80, 83-86, 90-93, 114, 131-
132,138, 175, 190-191,
199, 220, 227, 229, 245-
246, 265, 267, 281-282, 416
parameters, 84-86
quoted text string, 85
variable value in text string, 85
printFile.n file, 279
printFile.c file, 279-284, 383-
384
printFile program, 279-284
printf function, 213
PrintMyVar() function, 167
PrintRo11s () function, 206,
208, 210-211
PrintX function, 211
Program listings. See also files,
programs, and individual
program names
addThese.c, 361
ASCII.c,362
cdFiles.c, 362-366
cdMain.c, 366-370
cdTracker.c, 370-375
dice.c,375-376
drawDots.c, 376
float.c, 377
funcPtr.c, 377
hello.c, 378
hello2.c, 378
is0dd.c, 378-379
iterate.c, 379
listPrimes.c, 379-380
location, 15
names.c, 380
nextPrime.c, 380-381
operator.c, 381-382
postfix.c, 382
power.c, 382-383

printFile.c, 383-384
recurse.c, 384
slasher.c, 385
squarelt.c, 385
structSize.c, 386
sumFive.c, 386-387
windowMaker.c, 387-398
wordCount.c, 399-400
Programming basics, 27-28
Programs, 16, 28, 31-33
See also files, program listings,
and individual program
names
adding global variables, 166-167
algorithm, 131
allocating memory for variables,
148
ASCII, 195-197, 199-200
cdFiler, 285-298
cdTracker, 254-269
compiling then running, 19
controlling order of statement
execution, 104
dice, 203-211
flioat, 190-191
hello2, 54-58
hello, 15-16, 49, 54
is0dd, 130
listPrimes, 172-175
Model A, 236-240
Model B, 240-242
name, 214-216, 219-221
power, 175-181
printFile, 279-284
running, 23, 32
THINK C, 429-431
source code, 31-33
structSize, 242-246
using Macintosh Toolbox, 346-
347
windowMaker, 344-346
wordCount, 224-230
Project menu, 22-23, 35, 49, §5,
89, 91
Project window, 19, 79
Project files, 16, 33-35, 357
compacting, 22
Project windows, 17-18, 33-34, 357
title, 17
Projects, 16
See also files

opening and closing, 22
Projects folder, 15, 52
Promprts, 216, 357
Pull-down menus. See menus
putchar() function, 281-282,

417

Q

Quit menu item, 20, 346
Quotation mark character (\"), 93
Quoted text string, 85

R
rand() function, 417
Random Access Memory (RAM),
35-39, 357
Read-only memory (ROM), 342,
357
ReadALine() function, 268-269
ReadFile() function, 285, 290,
293,295
ReadFileLine() function, 294,
296
ReadLine() function, 264-265
ReadStruct() function, 260,
262-263
recurse.c file, 384
Recursion, 357
binary trees, 324-328
functions, 314-319
Remove Objects menu item, 22-23,
35
return() function, 168-169
return statement, 174
syntax, 404
Return value in functions, 354
Revert menu item, 20
Ro110ne() function, 205, 207
Root node, 320, 357
Root struct, 357
RowOfDots () function, 160
Run menu item, 19, 23, 49, 55, 79,
921
Running, 357

S

Save menu item, 14, 20

Save As... menu item, 20

SayHel1o() function, 52-54

scanf () function, 214-215, 217-
220, 261, 264, 278, 418
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Searcher() function, 325-326
Searching, 357
in-order, 325-327, 354
postorder, 326-327, 356
preorder, 357
Set Tabs & Font... menu item, 21
Signed, 357
variables, 70, 193
Simple statements, 116, 358
semicolon (;) and, 116
Single tab character (\t), 93
sizeof () function, 245-246, 249
slasher.x file, 91
slasher.c file, 92-93, 385
Source code, 14, 31-34, 358
ftdefine, 221-224, 226
algorithms, 47-49
ASCII program, 199-200
cdFiler program, 290-298
cdTracker program, 256-269
comments, 96-97
d1ice program, 204-208, 210-
211
documenting, 96-97
editor, 32, 358
errors in hel102 program, 56-
57
functions, 54-55
nextPrime program, 135
operator program, 83-84, 86-
88
parentheses, 96
postfix program, 90-91
power program, 177-181
printFile program, 279-284
recompiling, 23
saving after correcting errors,
58
spacing, 94-96
substituting text for text, 221-
224,226
syntax errors, 47
viewing, 18
Source code files, 16
opening and closing, 20
printing, 20
saving, 20
searching for text string, 22
setting tabs and fonts, 21
Squarelt() function, 162-163
squarelt.c file, 385

srand() function, 205, 418
Standard Library, 51-52, 358

functions, 405-422
Star (*) operator, 151-152, 154,

161

Statement markers, 430
Statements, 47, 114-129, 358

break, 126-127, 129

complex, 117, 352

curly braces ({}) and, 116

do, 125

for, 121-124

grouping, 116

if, 108

return, 174

semicolon (;) and, 117

simple, 116, 358

switch, 126-128

typedef, 332

while, 118-121, 124
std1in file pointer, 282-283
stdio.h file, 257,259
stdlib.h file, 257
stdout file pointer, 282-283
Stepping through, 358
Storage devices, 30
strcat() function, 331, 419
strchr() function, 419
strcmp () function, 331, 420
strcpy () function, 330, 420
String constant, 358
Strings

appending, 331

comparing, 331

copying, 330

length, 332

manipulation, 330-332, 358

printing text on-screen, 50-51
strlen() function, 221, 332, 421
strncat () function, 421
strncmp () function, 422
strncpy () function, 422
structSize.n file, 242-243
structSize.c file, 243-246, 386
structSize program, 242-246
struct, 242, 251-254, 312-314,

319-320

arrays, 246

global, 244

linking different types, 308-309

pointers and, 247

struct types, 241-242, 244, 258
Structures, 235-247
sumFive.c file, 386, 387
switch statement, 126-128

syntax, 403

case, 127-128

default case, 127-128
Switch TRUE/FALSE (!) logical

operator, 110-111

syntax error message, 57
Syntax errors, 47, 358
System 7 running THIN C, 15

T
Tabs, setting for source code files,
21
Tech block, 358
Terminal node, 358
Text, printing strings, 50-51
Text editor, 14, 358
Text strings, 212-223, 224, 358
functions, 84
memory, 213-216, 219-221
quoted, 85
searching source code files, 22
Text window, 50-51, 56
THINGC, 3
as compiler, 32
back-up copy, 15
case sensitivity, 58
compiler, 14
compiling then running
programs, 19
edit cursor, 57
exiting, 20
features, 20-23
floppy disk system, 15
hard disk system, 14-15
installing, 13-15
project files, 33-35
running under System 7, 15§
Standard Library, 51
testing, 15-19
text editor, 14
THINK C, 4, 346-347, 423-433
ffinclude files, 426-427
ANSI library, 428
current function, 430
current statement, 430
current statement arrow, 430
Data window, 431
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editor, 427
inline assembler, 431-432
libraries, 428-429
Macintosh Toolbox routines,
428
object code, 426
object-oriented programming
{OOP), 432
overview, 424-425
projects, 425-426
running programs, 429
source files, 427
Source window, 429-430
source-level debugging, 429-
431
statement markers, 430
THINK Class Library (TCL),
432
UNIX library, 428-429
upgrade policy, 424
Toolbox, 342-344, 359
Traversal, 359
TRUE expressions, 107-109
TRUE literal, 110
Truncating values, 77-78
Two's complement notation, 38-39
Type, 359
Typecast, 306, 359
Typecasting, 306-309, 359
pointers, 308-309
typedef statement, 332
Typos, 47, 359

U

Undo menu item, 21

Unary operators, 111
Uninitialized variables, 83
Unions, 310-314

Unsigned, 359

Unsigned variables, 70, 193
User interface, 341-342, 359

A%
Values, truncating, 77-78
Variables, 36, 66-84, 144, 156,
359
addresses, 148-150
allocating memory, 148, 248
as different data types, 310-314
as expressions, 106

assigning values, 71, 73-75, 89
declaring, 68
within functions, 72
functions and, 84, 156, 159
global, 164-167, 354
initialization, 83
naming, 69, 96
pointer, 150-154
scope, 156-157, 359
sharing between functions, 164
signed, 70, 193
types, 68-71, 359
char, 192-200
double, 192
float, 189-190, 192
int, 68, 70-79, 188
memory size, 69-70
uninitialized, 83
unsigned, 70, 193
VisitNode() function, 325

W
while loop, 118, 122, 135-137
while statement, 118-121, 124
syntax, 402
White space, 94, 97, 359
Whole numbers, 188
Window Manager, 344, 359
windowMaker . file, 344-346
windowMaker. c file, 387-398
windowMaker program, 344-346
Windows
press <<return>> to exit, 80
console, 80, 82
project, 357
wordCount .x file, 224-230
wordCount. c file, 225, 399-400
wordCount program, 224-230
WriteFile() function, 285, 291,
296
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