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This chapter provides rapid-access answers to questions that may 
arise while you are first learning the C language. It deals exclusively 
with syntax and semantics. It does not go into detail or discuss the 
philosophy of using the constructs available, nor explore the inner­
workings of the language itself. For a deeper analysis of the elements 
of C, you should, of course, read Chapters 3 through 7 of this book. If 
you require greater depth and explanation in the process of using this 
chapter, consult the table of contents or the index to determine which 
section of this book will best answer your question. 

DEFINITIONS 

For the sake of concision and consistency, we will begin by defining 
the set of terms we will use in this reference guide. Their actual coun­
terparts (for example, variable names, operators, and so on) rather than 
the shorthand have to be used during programming, of course. 

The following definitions represent only those words and phrases 
directly associated with the C programming language. Additional pro­
gramming terminology can be found in the Glossary. In providing 
these definitions, we assume you have a basic knowledge of program­
ming terms and philosophy. 

1. Newline: A character indicating the end of a line of characters. 
In UNIX, this character corresponds to a linefeed (ASCII 
decimal value of 10), whereas MS-DOS and CP/M require a 
carriage return and linefeed pair (ASCII values 13 and 10). For 
the Macintosh, the newline character is usually a linefeed, 
although it may vary from compiler to compiler. This require­
ment may vary with other compilers and operating systems. 

2. Whitespace: Collectively refers to the newline, blank space, tab, 
and comments. 

3. Data type: Determines the size and format of the data to be 
stored. 

4. Storage class: Determines where in memory the data will be 
stored and its range of scope. 

5. Scope: The range of source lines in which an object is 
accessible. 
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6. Object: A region of memory that can be manipulated. 

7. Expression: Any combination of objects and operators that 
evaluate to a single data object of the appropriate type. 

8. Identifier: Any sequence of letters, numbers, and the under­
score character (_), beginning with a letter. The compiler 
defines what constitutes uniqueness between identifiers. The C 
programming language states that no more than the first eight 
characters are significant; the Consulair compiler differentiates 
between . . . ; upper- and lowercase characters may or may 
not be distinguished. Check your compiler manual for exact 
details regarding the construction of an identifier. 

9. Token: Categorizes identifiers, keywords, constants, strings, 
operators, and other separators. 

STATEMENT CONSTRUCTION 

The programming statement is the basic unit of operation in C. A 
statement consists of either whitespace, a comment, a statement 
block, or a series of one or more valid expressions terminated by a 
semicolon. 

WHITESPACE 

Whitespace is ignored by the compiler except when it is used to 
separate tokens. An input line will be parsed between whitespaces, 
and each token is assumed to be the next longest string of characters 
that could possibly form a token. In some cases, whitespace may be 
necessary to separate adjacent identifiers, keywords, and constants. 

COMMENTS 

Comments, considered by the compiler to be whitespace, begin 
with the first occurrence of the I* character pair, and end with the 
first *I character pair. Comments may not be nested. 
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STATEMENT BLOCKS: {} 

By surrounding statement blocks, braces ( {}) delimit a basic struc­
tural element in C. A statement block begins with the left brace ({) 
and ends with the right brace (} ). Block statements may be nested. 

To the surrounding source code, a statement block appears to be 
a single statement, and a statement block may be used anywhere a 
single statement can be used. C is not a completely block-structured 
language, however, because it does not allow a function to be defined 
within another function. 

STATEMENT TERMINATION: THE SEMICOLON 

All source code line statements must be terminated by a semicolon 
(;). A source line may be extended across multiple lines (the newline 
is treated as whitespace) and will be considered terminated upon the 
first occurrence of a semicolon. (A newline may not appear within a 
string constant or in the middle of a token.) 

DATA DECLARATION 

All data objects used in a C program must be defined before being 
referenced in a source line. A data object has two related attributes: a 
data type and a storage class. 

DATA TYPES 

C has three distinct data type classifications: character, integer, and 
floating point. Character variables (type char) will be large enough to 
contain any member of the character set in use (ASCII for most 
implementations). A character variable stores the character's integer 
equivalent based on the character set in use. 

Integers come in three sizes-short, regular (int), and long-to 
accommodate different usages within a program. The actual range of 
values represented by each integer size depends upon the implemen­
tation. To use the full range of positive integer values based upon the 
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size of the data type (2 "n - 1, where n is the number of bits used in 
the representation), you may declare all three sizes as unsigned. 

Floating point values may be represented in single- or double­
precision depending upon the implementation. 

Here is a list of all the data types: 

char 

int 

short int 

long int 

unsigned int 

float 

double 

STORAGE CLASSES 

A single character. 

An integer value. 

An integer value whose range depends 
upon implementation. The word int is not 
required. 

An integer value whose range depends 
upon implementation. The word int is not 
required. 

An unsigned integer value. May be com­
bined with a long or short data type, and 
with char in some implementations. 

A single-precision floating point value. 

A double-precision floating point value. 

Based upon scoping rules (see the section on scoping rules later in 
this reference guide), the variable's storage class determines where 
the data object is stored and how it is accessed. The default storage 
class of all variables declared within a statement block or function is 
auto. Although it is not necessary, you may want to include the auto 
storage class as part of a data declaration statement. Storage is 
allocated to an auto variable upon entry to the statement block or 
function and is relinquished upon exit. 

The static declaration causes storage to be allocated at the time of 
compilation instead of at execution time. A static variable will retain 
its value even after program flow leaves the statement block or func­
tion that defined it, although it will not be accessible outside that 
block or function. 

An extern declaration indicates that the declared variable has been 
defined outside the enclosing block. A variable is implicitly declared as 
being external by the location of its declaration statement A declara­
tion outside a function declares its variables to be extemally available. 
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Register, the final storage class provided by C, allows placement of 
the variable's data directly into the extremely fast and efficient regis­
ters of the computer's central processing unit. The existence of the 
register variable and how many you can use depends again on your 
compiler. 

Here is a summary of the four storage classes available in C: 

auto 

extern 

static 

register 

DATA DECLARATION 

The default storage class. These variables 
are active only while their enclosing state­
ment block is active. 

The variable has been declared in another 
portion of the program. 

The variable will become active when the 
enclosing statement block is first activated. 
The variable will remain after the block is 
exited and will retain its last value. The 
variable will not be accessible from out­
side of the statement block. 

Specifies use of the internal storage regis­
ters of the central processing unit as the 
storage location for the data. 

A data declaration statement informs the compiler what data type 
is to be associated with a particular token. The data type determines 
the amount of storage space required and what operations are valid 
for the specified token. All data objects must be declared and defined 
prior to their use. 

DECLARATION AND DEFINITION 

While defining a data object causes space to be allocated for the 
data, data declaration does not necessarily allocate storage space for 
the data. The extern declaration does not allocate any storage space; 
it defers this allocation to another point in the program. An extern 
declaration must have a corresponding data definition. 

The data declaration format is 

storage-class data-type variable-list; 
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The storage-class and data-type may be any of the valid keywords we 
have listed. The variable list consists of identifiers separated by 
commas (, ); all of the identifiers contained in the variable-list will 
have the storage class indicated by storage-class and the data type 
indicated by data-type. Storage-class may be omitted if it is to be auto. 
If data-type is omitted, the named variables generate a compiler 
warning message and are assumed to be of type int for the remainder 
of the statement block. 

EXTERNAL DECLARATIONS 

A definition that allocates storage space occurring outside a func­
tion block makes that identifier external and is called a global 
variable. All subsequent extern declarations naming the identifier will 
refer to this declaration. 

A global variable can be used in any function from the point of 
definition to the end of the source file without an explicit declaration. 
For example, if no declaration is made within the function, the vari­
able is assumed to have been defined within the same source file. An 
explicit extern declaration within the function may also be used. 
An external variable defined in another source file must be explicitly 
declared extern. 

INITIALIZATION 

A declaration statement may contain an assignment operator to des­
ignate an initial value for the variable being declared. The variable 
is followed by the assignment operator ( = ), which is followed by the 
initial value for the variable. Certain restrictions apply to initialization 
statements depending on the data type and storage class of the 
variable. 

Static and extern variables will always be initialized to o if no 
explicit intialization value is given. auto and register variables, how­
ever, start with some undefined value. For example: 

static int i; 
auto inti; 

I* initializes i = O *I 
/* initializes i = ?? */ 

Pointers and variables may be initialized with any single expres­
sion, which may be enclosed within braces to give it the appearance 
of a single expression. The expression must evaluate to a single value 
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of the proper data type after all normal type conversions have been 
applied (see Appendix E). For example: 

static int i = 10; 
auto int i = 10; 
auto int i = 5, j = 6; 

I* initializes i = 1 O *I 
I* initializes i = 10 */ 

I* multiple initialization *I 

Other data types, collectively called aggregates, include structures 
and arrays. These types use an initializer consisting of a list of values 
separated by commas and enclosed within braces. When an aggre­
gate contains another aggregate as its member, the initialization 
procedure is applied recursively to the member (see the following 
two-dimensional array example). Providing more initializing values 
than members causes a compilation error; providing too few initializ­
ing values will cause the uninitialized members to be filled with 
zeroes. 

Here are two examples of initialization: 

int a[5] = { 6, 5, 4, 3, 2 }; 
int b[4][4] = { 

}; 

{ 9, 8, 7 }, 
{ 6, 5 }, 
{ 4 }, 

The first example initializes all the elements of array a. The second 
example initializes a two-dimensional array in which each element is 
an array. We apply the recursive intialization procedure, where each 
subset of braces initializes a single line in the two-dimensional array. 
Graphically, the second array would look like Figure 9.1. Because 
each line contained fewer initializers than space available, the 
remaining elements of the array became zero. The fourth row of 
the array also initialized to zero because no value set was provided. 

0 1 2 3 

0 9 B 7 0 
1 6 5 0 0 
2 4 0 0 0 
3 0 0 0 0 

Figure 9.1: Two-Dimensional Array Initialization 



226 PROGRAMMING THE MACINTOSH INC 

If an initializer list follows, a one-dimensional array does not 
require a subscript to indicate the number of elements in its declara­
tion. For example: 

char n[] = {'A', '8', 'C', '\O' }; 

This example initializes array n and declares its size to be four 
elements. Character arrays may also be initialized by a string con­
stant. The termination character (\0) is automatically supplied. The 
preceding declaration can be shortened to 

char n[] = "ABC"; 

A variable declared as extern may not be initialized because the 
extern storage class does not actually allocate any memory. 

SCOPING RULES 

The scope of a data object defines which portions of the program 
have access to the object. Data objects declared within a block have a 
scope over the entire block and all blocks initiated within it. This 
data object cannot be accessed from outside the block. Data objects 
declared externally to any block (that is, outside of a function) are 
available as external data objects through all subsequently defined 
blocks until the end of the source file. 

In Figure 9.2, I defined in function fun4() is accessible only to state­
ments within function fun4(); and g, defined externally in the middle 
of the source file, can be utilized by all of the functions following the 

fun4 () 
{ 
int 11 /* local to this function */ 
} 

int g1 /• global to all following functions */ 

fun5() I \ 
fun6() 

/* end of file */ 

Figure 9.2: Example of Scoping Rules 



REFERENCE GUIDE 227 

declaration until the end of the file. An extern declaration will follow 
the same scoping rules as other declarations, depending upon its 
position within the file (internal or external to any function). 

Statement blocks may appear within functions and data objects 
may be declared within these blocks. If a data object identifier 
declared with an auto or static storage class has the same name as a 
data object existing in an enclosing block or as an external data 
object, then the innermost declaration has precedence when that 
data object name is referenced by a program statement. The outer 
data objects still exist, but they can no longer be accessed by the cur­
rent statement block because of the scoping precedence. When the 
block is exited and the inner data object is discarded, the previously 
available data object of the same name becomes accessible again. 

DATA TYPE OPERATORS 

The C programming language contains several operators for use 
with data types. These operators can obtain the amount of storage 
space required by a specific data type, altering the data type of a 
token, and defining new data types. 

DATA TYPE SIZE OPERATOR: SIZEOF 

As we have seen, C has seven predefined data types. Each data 
type has an associated size and method of representation. The size of 
a data type is specified in units, where each unit is the size of the 
smallest data type, char. Most compilers for personal computers will 
use a single byte to store a char, and the size of a data type will be 
equivalent to its size in bytes. However, for the sake of portability to 
other machines, do not assume this equality of byte and char size. 

To determine the size required to store an expression or a particu­
lar data type, use the sizeof operator, which can be used in the 
following formats: 

sizeof expression 
sizeof (data type) 

The first form evaluates to the size in char units required by expres­
sion. The size is based upon the declaration of the objects used in the 
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expression. The second form returns the size of the data type named 
in the parentheses. 

THE CAST OPERATOR: () 

In the example, 

(data-type) expression 

the cast operator forces the conversion of expression into the data 
type given by data-type named within the parentheses. 

THE TYPE DECLARATOR: TYPEDEF 

The creation of a data structure or complex data type can some­
times make the source code very difficult to read and understand. To 
alleviate this problem, C provides a keyword to bind the data struc­
ture or complex data type declaration to an identifier: 

typedef declaration identifier; 

The keyword typedef equates identifier to declaration so that in subse­
quent declarations the identifier may be used in lieu of the actual 
(usually cumbersome) declaration. For example: 

typedef char STRING, *LIST; 
typedef struct { char last[20], first[10]; } NAME; 

The following declarations can now be made. 

STRING input[50] 
LIST pc; 
NAME emp; 

The identifiers have been used in the typedef statement to replace the 
conventional declaration statements. In this example, input is an 
array of 50 characters, pc points to a char, and emp is a structure 
containing the character arrays last and first. 

The typedef statement creates a synonym for the declaration; it 
does not allocate any storage. As a matter of style and convention, 
the identifiers of the typedef statement use uppercase letters, but this 
has no bearing on their function. 
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GENERAL OPERATORS 

Operators are used in creating expressions in C. Expressions are 
used to process the program's data. The operators presented in this 
section fall into five categories: assignment, arithmetic, bitwise, 
assignment combinations, and increment and decrement operators. 

ASSIGNMENT OPERATOR: = 
In the construct 

data-object = expression; 

the assignment operator causes the value of expression to be assigned 
to data-object. The assignment should make sense with regard to data 
types after the standard conversions are applied (see Appendix E). 

ARITHMETIC OPERATORS: + - * I % 

C contains four basic arithmetic operators, plus a modulo operator. 

addition expr1 + expr2 
subtraction expr1 - expr2 
multiplication expr1 * expr2 
division expr1 I expr2 
modulo expr1 % expr2 

In all cases, both expr1 and expr2 must be numeric. The modulo 
operator evaluates the remainder of the division of expr1 by expr2. 
The modulo operator cannot be used with float or double 
expressions. 

Integer values may be added to or subtracted from pointers. In this 
case, the integer value will be scaled to the proper size for the type of 
the pointer. 

The use of the minus as a unary operator, 

-expr1 

results in the arithmetic negative of expr1. 
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BITWISE OPERATORS: & : " > > < < -
Bitwise operators perform bit-by-bit manipulations on integer 

operands. 

AND 
inclusive-OR 
exclusive-OR 
right-shift 
left-shift 
one's complement 

expr1 & expr2 
I expr1 1 expr2 

expr1 " expr2 
expr1 > > expr2 
expr1 < < expr2 
- expr1 

All of the bitwise operators use integer operands. 
The AND (&), inclusive OR (:), and exclusive OR ( ") perform their 

associated bitwise operation on the two operands in a bit-by-bit man­
ner. A table illustrating different bit combinations is located in 
Appendix F. 

The shift operators shift the integral value of expr1 either left or 
right by the number of bits specified by expr2. If expr2 is negative or 
greater than the number of bits in the data type of expr1, undefined 
results can occur. 

The left-shift operator ( < <) fills the vacated bit positions with 
zeroes. The right-shift operator ( > >) may fill arithmetically (by copy­
ing the leftmost bit) or with zeroes. If expr1 is declared unsigned, 
then the right-shift operator will always fill with zeroes. 

The one's-complement operator (-) performs a bit-by-bit comple­
menting of expr1: changing each occurrence of one to zero and zero 
to one. 

ASSIGNMENT COMBINATIONS 

For concise source code, C allows any of the preceding binary 
operators to be combined with the assignment statement in the 
following form: 

data-object op = expr 

This equates to the longer version: 

data-object = data-object op (expr) 

Notice the parentheses surrounding expr which indicate that the 
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operand expr will be evaluated before the operator is applied. Thus, 
in the statement 

x += y * 6 

the expression y * 6 will be evaluated first, then added to x. All stan­
dard data type conversions will be performed. 

When + = or - = is used, the data-object may be a pointer, in 
which case expr must be mi integer for the proper scaling to be per­
formed on expr. 

THE INCREMENT AND DECREMENT OPERATORS: 

++AND - -

Because incrementing and decrementing data objects by one unit is 
a frequently used operation, C has an operator for each of these 
operations: 

increment 
decrement 

+ + data-object or data-object + + 
- - data-object or data-object - -

These constructions are the same as writing 

data-object = data-object + 1 

for the increment operator, and 

data-object = data-object - 1 

for the decrement operator. The data-object may be any arithmetic 
data type or a pointer. If data-object is a pointer, then the proper scal­
ing is applied. 

The position (prefix or postfix) of the increment or decrement oper­
ator affects the value of the expression. The prefix operator causes 
data-object to be incremented or decremented, and then this new 
value is. used as the value of the expression. The postfix operator 
causes the current value of data-object to be the value of the expres­
sion; then the value of data-object is incremented or decremented. In 
all cases, the final value of the data-object will have been incremented 
or decremented from the original value. 
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LOGICAL STATEMENTS 

Logical statements are based upon Boolean algebra. In Boolean 
algebra, there exist only two possible values-either true or false. In 
C, there are two types of expressions that result in either true or 
false. The first kind of expression performs a logical operation such 
as NOT, AND, OR, equal to, and not equal to. These expressions take 
two Boolean values, perform the operation, and evaluate to true or 
false based upon the truth tables given in Appendix F. The second 
kind of expression evaluates to true or false based upon the relation­
ship of one numeric value to another (for example, through a 
decision that one value is greater than another). 

For purposes of convention, the value of a false expression is taken 
to be zero and the value of a true expression is nonzero. Through 
this convention, the programmer can test any data object of an 
arithmetic type by using a logical test for true or false, a very fast 
testing capability. 

LOGICAL OPERATORS: ! = = ! = && : 

The logical operators available in C perform a logical comparison 
between the operands. A false expression evaluates to O and a true 
expression evaluates to 1; both values are returned as int. All expres­
sions used by the logical operators are taken to be logical values­
true (nonzero) or false (zero). 

logical NOT ! exprl 
equality exprl = = expr2 
inequality exprl I = expr2 
logical AND exprl && expr2 

I logical OR exprl 1 expr2 

The logical NOT, a unary operator, returns the converse of expr1: 
that is, if exprl is nonzero, then the logical NOT returns O; if it is 
zero, then the logical NOT returns 1. 

The equality and inequality operators are self-explanatory. 
The logical AND and logical OR return true or false. Neither opera­

tor will evaluate farther than required in order to determine the truth 
value of an expression. For example, if exprl in the logical AND is 
false, expr2 will not be evaluated. 
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RELATIONAL OPERATORS:< > <= >= 

The four relational operators in C yield a truth value of 1 or o 
based upon the truth of the expression. The relational operators pro­
vide a method of testing the relationship between two arithmetic 
operands. 

less than 
greater than 
less than or equal to 
greater than or equal to 

expr1 < expr2 
expr1 > expr2 
expr1 < = expr2 
expr1 > = expr2 

The relative positions of pointers may also be compared. This infor­
mation is generally not very useful, because it is implementation­
dependent. Pointer comparison is meaningful only when the pointers 
indicate objects in the same array. 

CONTROLLING PROGRAM FLOW 

All languages have some ability to control the execution of 
programming statements depending on given values determined at 
execution time. All statements in a C source code file will be exe­
cuted sequentially until a construct is encountered that evaluates an 
expression to determine the course of action. 

REPETITION 

Almost all programming applications require some form of con­
trolled repetition, or looping. Loops fall into two general categories: 
those based upon a variable condition and those based upon a pre­
defined number of iterations. 

THE WHILE STATEMENT 
From the first category, the while loop 

while (expression) statement 

continues to execute statement (which may be a statement block) as 
long as expression remains true. The expression is tested prior to exe­
cuting the loop statement. 
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THE FOR STATEMENT 

The for loop comes from the second category. The loop 

for (exprl; expr2; expr3) statement 

begins by executing exprl and then testing expr2. While expr2 
remains true, the loop repeats: statement is executed, and after each 
execution of statement, expr3 is executed. This construction is func­
tionally equivalent to 

} 

exprl; 
while (expr2) { 
statement 
expr3; 

In the for construct, any of the expressions may be omitted (the 
semicolons must remain as placeholders). If expr2 is omitted, 
the loop will require an alternative method of termination. The for 
loop will be used when the number of iterations is known at the start 
of the loop. If we assume that max iterations are to be performed and 
that the variable count is the loop control variable, then the for loop 
will look like this: 

for (count = 1; count < = max; count+ +) { statement } 

THE DO-WHILE STATEMENT 

The do-while construct provides a slightly different execution of the 
while loop. The construct 

do statement while (expression); 

postpones the termination test until after the statement is executed, 
guaranteeing statement execution at least once. 

Any of these loop constructs may be nested within themselves or 
within any other construct. 

CONDITIONAL EXECUTION 

All programming languages have some form of statement that 
allows a set of statements to be performed or skipped based upon a 
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specified condition. Conditional execution in C is initiated either by 
the if statement or the switch statement. 

THE IF STATEMENT 

The most conventional form of a conditional statement uses the if 
construct: 

if (expression) statementl 
if (expression) statementl else statement2 

The first construction evaluates expression, and if expression is true 
(nonzero), then statementl is executed; otherwise, statementl is 
ignored. In either of these circumstances, execution continues with 
the statement following the if. 

In the second construction, if expression evaluates to true, then 
statementl is executed; otherwise, statement2 is executed. When 
either statementl or statement2 has been completed, execution will 
continue with the code following statement2. In any execution of the 
if-else construct, only one of the two statements will be executed. 

The if and if-else constructs may be nested. An else will always be 
matched with the last if that is not associated with an else within the 
same block. For example: 

if (expr) { 
if (expr) { 
} else { 

} 
} else { 
} 

if (expr) { 
} 

I* 1 */ 
/* 2 */ 
/* 2 */ 
I* 3 */ 

/* 1 */ 

This example shows the matching of if to else based on the last­
unmatched if rules. The numbers in the comments indicate which if's 
and else's form pairs. 

THE CONDITIONAL OPERATOR: ?: 

This second conditional construct is actually an operator and thus 
returns a value. The ?: operator is applied as follows: 

exprl ? expr2 : expr3 
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This operator works like an if-else construct: that is, either expr2 or 
expr3 is executed, depending upon the evaluation of expr1. If expr1 
evaluates to true, then the result of the operator is expr2; otherwise, 
the result is expr3. Only one of the expressions will be evaluated. 

Arithmetic conversion will be applied to expr2 and expr3 to yield 
the same data type. If either expression is a pointer, then the other 
must be a pointer of the same type or the constant 0. 

THE SWITCH-CASE-DEFAULT STATEMENT 

The final conditional construct causes program flow to be trans­
ferred to one of several statements, depending on the value of an 
expression. The switch statement 

switch (expression) control-statement 

evaluates expression; this evaluation must result in an int value. 
Within the control-statement (which is usually a statement block), one 
or more case statements may be present. As we will see shortly, it 
would not make sense to have zero case statements. 

In the case statement 

case constant-expression: 

the constant-expression must evaluate to int. The value of expression 
in the switch statement will be compared to the value of the constant­
expression in all case statements within the control-statement (from 
the switch construct). When the value of constant-expression equals 
the value of expression, execution begins at the first statement follow­
ing the case statement. Execution continues through to the end of 
control-statement or until a break statement is encountered (see the 
next section). 

The control-statement may contain at most one statement of 
the form 

default: 

Should none of the values of the case statement match the value of 
expression, execution continues with the default statement. If no state­
ments match the expression and no default statement is supplied, then 
no statements within the control-statement will be executed. 

Essentially, the case and default statements supply labels on an 
expression/value match, so that program execution may jump there. 
After control has been transferred to a case or default statemei:it, all 
subsequent case statements will have no effect on the program flow. 
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Use of the break statement will cause the program flow to exit the 
switch statement. 

UNCONDITIONAL PROGRAM FLOW 

The C programming language also allows program flow to be 
altered unconditionally. The statements that perform an uncondi­
tional change in program flow are break, continue, and goto. 

THE BREAK STATEMENT 

The break statement 

break; 

causes immediate termination of the currently enclosing while, do­
while, for, or switch statement. Execution begins at the first statement 
following the aborted statement. 

THE CONTINUE STATEMENT 

The continue statement 

continue; 

causes immediate termination of the current iteration of the enclos­
ing while, do-while, or for loop. The continue statement transfers 
program control to the statement that performs the loop control. 

THE GOTO-LABEL STATEMENT 

A label is an identifier followed by a colon. The label possesses no 
processing function; it merely marks a particular position or line in 
the source file. 

identifier: statement 

The statement need not be on the same line as the identifier. 
A statement labeled in this manner serves no purpose other than as 

a target for a goto statement. The scope of the label is the current 
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function, excluding any subblocks that have redefined the identifier 
(for the duration of that block). The goto statement 

goto identifier; 

causes unconditional transfer of program execution to the statement 
labeled by the identifier. The identifier must label a statement within 
the current function. 

FUNCTIONS 

C is a procedural language based on functions. Every program 
must have a function called main( ), where program execution begins. 
Functions have the ability to accept parameters and return a single 
value of one of the data types defined by C. 

FUNCTION DEFINITION 

A function definition is similar to a data declaration: 

storage-class data-type function-name (parametel'-list) 
parameter declarations; 
{ 
local-variable-declarations; 

function-statements 
} 

The storage-class of a function is limited to extern or static. If the 
storage-class is omitted, then the function is assumed to be static. (An 
extern declaration is discussed in the next section.) The data-type of 
the function determines the data type of the value to be returned 
by the function; this too may be omitted, and the default is int. 

The function-name can be any valid identifier not yet declared. The 
paramete.l'-list names the formal parameters of the function as identifi­
ers separated by commas. The formal parameters are declared in the 
parameter declaration statements. Each formal parameter must have 
an associated declaration. A function need not have any formal 
parameters. 

The function body, enclosed in a pair of braces, contains a declara­
tion statement for the local variables, if any, and a group of statements. 
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EXTERNAL FUNCTION DEFINITION 

By design of the language, functions may not be defined within 
other functions. When you are programming large systems, it is 
sometimes necessary to divide functions among several different 
source files. To allow another file to access a function, make an 
extern definition of the function name. If the function is defined with 
a static storage class, then it is available throughout the source file in 
which it is defined, but not in any other source file. This follows, by 
analysis, from the explanations of storage classes given earlier. 

RETURNING VALUES FROM FUNCTIONS 

Although the default data type returned by a function is int, 
functions can be made to return any other C data type. Because of 
automatic conversion of data types, it becomes pointless to declare a 
function returning anything other than int, long, or double. 

To change the data type returned by a function, two declarations 
must be made. First, the function definition requires a data type. Sec­
ond, the calling routine must declare the function as returning the 
new data type. 

The statement 

data-type function-name( ); 

with the empty parentheses, declares that the function function-name 
will return the data type specified. The calling routine must expect the 
type of the returned value, otherwise, undefined values will result. 

PARAMETER PASSING CONVENTIONS 

C passes all function parameters by value. Using a data object as a 
parameter to a function will not change its current value within the 
calling routine. Pointers to data objects may be passed; this provides 
call-by-reference. Actual parameters will undergo data type conver­
sions based upon the conventions outlined in Appendix E. 

The only data types that may be passed are the data types defined 
by C and pointers. A program may not pass an entire array or data 
structure to a function. However, a pointer to any of these objects 
may be passed as a parameter. 



e40 PROGRAMMING THE MACINTOSH IN C 

RECURSION 

The C programming language supports recursive calls to functions. 
Upon each invocation of the function, a new set of formal param­
eters and local variables is created, giving each function call a 
separate and unique set of data (assuming the default call-by-value is 
used). External and static variables will not change. 

·POINTERS AND ADDRESSES 

C provides access to the address of any data object in use except a 
data object with a storage class of register. A special data object, 
called a pointer, may be used to store an address and to access the 
data contained therein. 

THE INDIRECTION OPERATOR: * 
By using the indirection operator ( * ), you can access the data 

located at the address stored by the pointer. For example, if px con­
tains the address of a data object, then * px will refer to the data at 
that address. 

POINTER DECLARATION 

Pointers must be associated with a specific data type. Using the 
indirection operator, one declares a pointer as follows: 

int *px, *PY. x, y; 
char *pc, c; 

Variables px and py may contain the addresses of int data types, and 
pc may contain the address of a char data type. The variables x and y 
are of type int and c is of type char. 

A pointer must have a particular data type because the pointer can 
be altered through integer addition, integer subtraction, incrementa­
tion, and decrementation. When the addition or subtraction is 
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executed, the integer is scaled by the size (in char units) of the data 
type, and then added to or subtracted from the value contained by 
the pointer. The increment and decrement operators work in a simi­
lar manner by shifting the pointer forward or backward one data 
object. This ties in closely with arrays and dynamic storage alloca­
tion, discussed later in this reference guide. 

THE ADDRESS OPERATOR: & 

To determine the address of a data object, apply the address 
operator ( & ): 

px = &x; 
PY = &y; 
pc = &c; 

The address operator may be applied to any data objects except those 
declared with the storage class register. 

POINTER RESTRICTIONS AND CONVENTIONS 

To a great degree, common sense dictates how pointers are used. 
The use of pointer comparison, for instance, has no general purpose 
except when comparing elements within the same array. 

There is one important convention concerning a pointer value of 0. 
This pointer value guarantees that the pointer does not indicate any 
data object. A pointer of this kind is commonly called a NULL or NIL 
pointer. 

ARRAYS 
An array represents a set of related data objects of the same data 

type. 

ARRAY DECLARATION 

An array declaration includes a data storage class, a data type, an 
identifier, and the number of objects in the array. The number of 
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objects is specified by subscripts enclosed in square brackets. ([ ]) 

storage-class data-type identifier[subscript1][subscript2} ... ; 
storage-class data-type identifier[]; 

The number of subscripts an array may have is limited only by 
available memory. The second format of the array declaration 
references an externally defined array that has already allocated 
appropriate storage; hence, there is no need to specify the size of this 
array again. In this case, the storage class would either be omitted or 
listed as extern. 

ARRAYS AND POINTERS 

In C, arrays and pointers are very closely related. An array element 
reference actually converts to a pointer reference during compilation. 
Assuming the declaration 

int a[10] 

has been made, then the array element reference 

a[i] 

actually converts to 

*(a + i) 

The array name a, when used alone, has a data type of pointer to 
int. Thus, in the addition expression, i is scaled to the size of an int 
and then added to a. After the addition, the indirection operator is 
applied to retrieve the data at the specified location. 

In a multidimensional array such as int b[3)[4][5], the same conver­
sion procedure applies repetitively. To access element b[x][y][z], the 
expression becomes 

*( ( (b + x) + y) + z) 

where (b + x) is the base address of a two-dimensional array of size 
4 x 5; ((b + x) + y) is the base address of a one-dimensional array of 
size 5; and (((b + x) + y) + z) is the address of an integer. This con­
version implies that the arrays are stored in row-major order, meaning 
that each row is filled before moving to the next (see Figure 9.3). 
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000 001 002 003 004 

010 011 012 013 

020 021 

Figure S.3: Row-Major Ordering of a Three-Dimensional Array 

STRINGS 

A string consists of an array of characters terminated by the \0 
character. Strings are not considered a separate data type in C, and 
therefore cannot be manipulated as whole units. 

STRUCTURES 

C allows the programmer to define complex data types called struc­
tures. A structure consists of any number of members, where each 
member is an object of a predefined data type, a field, a union, or 
another structure. 

STRUCTURE DECLARATION 

Structures must be declared because the definition of a structure 
does not allocate any storage. After the structure has been created, 
·identifiers can be associated with the structure type. 

A structure declaration 

struct structure-name { 
member list 

} identifiers to have this structure; 
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begins with the keyword struct, followed by an optional structure­
name, a statement block containing the member list, terminated with 
any identifiers to have this structure as their data type. Either the 
structure-name or the identifiers may be omitted, but not both. Once 
the structure is declared, the structure-name can be used later to 
define identifiers. 

For example: 

struct test { member list } ; 

struct test t1, t2, •t3; 

This example defines a structure called test. The identifiers t1, t2, and 
t3 (a pointer to this structure) are declared to have the data type of this 
structure. Notice the placement of struct test in the type declaration 
position. Generally, the structure definition occurs at the external level 
of the program, and structure identifiers are declared as needed. 

A second format of the structure declaration 

struct { member list } t1, t2, •t3; 

does not associate any name with this structure. It defines the struc­
ture and declares the identifiers t1, t2, and t3 as having this structure 
as their data type. If any other identifiers required this same struc­
ture, they would have to be declared here or the structure definition 
would have to be repeated. From these two examples, one can see 
that omitting both the structure-name and the identifiers to be 
defined would cause no effect. 

STRUCTURE MEMBER DECLARATION 

The member list of a structure declaration 

data-type identifier; 

closely resembles the declaration of variables. 

STANDARD MEMBER TYPES 

The members of a structure will be stored sequentially in memory 
in the order in which they are declared. 
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The structure 

struct dates { 
int yr, mon, day; 

}; 

contains three integer types. The following structure references struc­
ture dates: 

struct person { 
long codenum; 

}; 

char last_name(20], first_name[1 OJ; 
long ssnum; 
struct dates dob; 

The names of the members of a structure may be the same as any 
regularly defined identifier, but they must be distinct from other 
structure names. With the following restrictions, the same member 
names may be used in different structures. First, the type of the iden­
tifier must be the same in both structures. Second, the identifier must 
have the same offset (position in memory relative to the start of the 
structure) in both structures. Third, all previous members of 
the structure must be the same. Although the compiler is defined 
only to perform checks for the same type and offset and does not the 
check for previous members, a structure meeting only two of these 
criteria may not be portable. Most newer compilers simply ignore the 
restrictions and just allow duplicate member names. 

FIELDS 

A field, a special member available within a structure, consists of a 
specified number of bits. A field is defined as follows: 

data-type identifier : constant-expression; 

Although many compilers will accept various data types, the only 
sensible data type, and the one used by the compiler regardless of the 
data type specified, is unsigned int. 

A field member will accommodate the number of bits specified by 
constant-expression. A field may be as wide as a machine word but 
must not span a word boundary. If there is no room left in the cur­
rent machine word to store the field, then the field will be placed at 
the beginning of the next word boundary. 
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The identifier for a field may be omitted, causing the number of 
bits specified to be 0 and inaccessible. If the identifier for a field is 
omitted, the alignment of following fields will be forced to a required 
position. 

The address operator (&) may not be applied to a field member. 

UNIONS 

A union can store several different data types using the same iden­
tifier, but only one data type may be stored at any given time. The 
union definition is the same as that of the structure. 

union union-name { 
member list 

} identifiers to have this union; 

In a union, the members of the member list can only be used inde­
pendently, not simultaneously. The size of the union will be the size 
of the largest data object it will hold. 

Here is an example of a union definition: 

union utest { 
int iu; 
double du; 
char cu; 

} UX, UY, * uz; 

The union utest can hold either an int, a double, or a char data type. 
Just as in the structure definition, the identifiers following the defini­
tion have the data type created by the union ( * uz is a pointer to a 
union of this type). Like structure definitions, the union definition of 
utest may be used subsequently to declare more identifiers. 

STRUCTURE AND UNION OPERATORS 

When you have declared a variable to be of a structured data type, 
you will need to be able to access the individual members of that 
structure. C provides two operators to access a structure member: the 
direct member operator for use with the variable declared to be of 
that structured type, and the indirect member operator for use with a 
pointer to that structure type. 
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THE MEMBER OPERATOR: . 

Currently, C does not support the ability to copy an entire structure 
or union. Only members of structures and unions may be accessed 
for assignment or for passing as parameters to functions. 

Use the member operator(.) to reference a particular member of a 
structure or union: 

structure-name.member-name 
union-name.member-name 

The member of a structure or union may be used like any other 
object of the associated data type. 

THE INDIRECTION MEMBER OPERATOR:-> 

When using a pointer to a structure or union, you can access the 
members of the structure or union through the indirection member 
operator (->), constructed from a hyphen(-) and a greater-than sym­
bol(>): 

pointer-> member-name 

The pointer must indicate a structure or union, and the member-name 
must be a member of that structure or union. This operator has the 
same result as 

( * pointer).member-name 

Both the indirect (-) and direct (.) member operators may be com­
bined with each other and themselves. For example: 

struct a { 
int ai; 
struct b *pb; 

} sa, *spa; 

struct b { 
int bi; 
struct a *pa; 

} Sb, *Spb; 

spa = &sa; I* initialize structure pointers *I 
spb = &sb; 
sa.pb = spb; I* set member pointers *I 
sb.pa = spa; 
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With this program fragment, references to sa.ai can be made with 
any of the following references: 

spa->ai 
b.pa->ai 
spb->pa->ai 

Any combination of member operators may be used if their 
construction maintains the use of pointers with the indirection mem­
ber operator and if all member names referenced actually exist. In 
general, complex constructions should be avoided because they 
obscure the meaning of the code and increase the chances of syntac­
tical errors. 
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ASCII Hexadeclmal Deel ma I Octal Binary 

"@ 00 000 000 00000000 
"A 01 001 001 00000001 
"B 02 002 002 00000010 
"C 03 003 003 00000011 
"D 04 004 004 00000100 
"E 05 005 005 00000101 
"F 06 006 006 00000110 
"G 07 007 007 00000111 
"H 08 008 010 00001000 
"I 09 009 011 00001001 
"J OA 010 012 00001010 
"K OB 011 013 00001011 
"L oc 012 014 00001100 
"M OD 013 015 00001101 
"N OE 014 016 00001110 
"O OF 015 017 00001111 
"P 10 016 020 00010000 
"Q 11 017 021 00010001 
"R 12 018 022 00010010 
"S 13 019 023 00010011 
"T 14 020 024 00010100 
"U 15 021 025 00010101 
"V 16 022 026 00010110 
"W 17 023 027 00010111 
"X 18 024 030 00011000 
"Y 19 025 031 00011001 
"Z 1A 026 032 00011010 
"[ 18 027 033 00011011 
"\ 1C 028 034 00011100 
"] 10 029 035 00011101 
"" 1E 030 036 00011110 
" 1F 031 037 00011111 

20 032 040 00100000 
21 033 041 00100001 
22 034 042 00100010 

# 23 035 043 00100011 
$ 24 036 044 00100100 
% 25 037 045 00100101 
& 26 038 046 00100110 

27 039 047 00100111 
28 040 050 00101000 
29 041 051 00101001 

* 2A 042 052 00101010 
+ 28 043 053 00101011 
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ASCII Hexadecimal Deel ma I Octal Binary 

2C 044 054 00101100 
20 045 055 00101101 
2E 046 056 00101110 

I 2F 047 057 00101111 
0 30 048 060 00110000 
1 31 049 061 00110001 
2 32 050 062 00110010 
3 33 051 063 00110011 
4 34 052 064 00110100 
5 35 053 065 00110101 
6 36 054 066 00110110 
7 37 055 067 00110111 
8 38 056 070 00111000 
9 39 057 071 00111001 

3A 058 072 00111010 
38 059 073 00111011 

< 3C 060 074 00111100 
= 30 061 075 00111101 
> 3E 062 076 00111110 
? 3F 063 on 00111111 

@ 40 064 100 01000000 
A 41 065 101 01000001 
B 42 066 102 01000010 
c 43 067 103 01000011 
0 44 068 104 01000100 
E 45 069 105 01000101 
F 46 070 106 01000110 
G 47 071 107 01000111 
H 48 072 110 01001000 
I 49 073 111 01001001 
J 4A 074 112 01001010 
K 48 075 113 11001011 
L 4C 076 114 01001100 
M 40 077 115 01001101 
N 4E 078 116 01001110 
0 4F 079 117 01001111 
p 50 080 120 01010000 
Q 51 081 121 01010001 
R 52 082 122 01010010 
s 53 083 123 01010011 
T 54 084 124 01010100 
u 55 085 125 01010101 
v 56 086 126 01010110 
w 57 087 127 01010111 
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ASCII Hexadecimal Decimal Octal Binary 

x S8 088 130 01011000 
y S9 089 131 01011001 
z SA 090 132 01011010 
[ SB 091 133 01011011 
\ SC 092 134 01011100 
I SD 093 13S 01011101 ,.. 

SE 094 13S 01011110 
SF 09S 137 01011111 

so 09S 140 01100000 
a S1 097 141 01100001 
b S2 098 142 01100010 
c S3 099 143 01100011 
d S4 100 144 01100100 
e SS 101 14S 01100101 
f SS 102 14S 01100110 
g S7 103 147 01100111 
h S8 104 1SO 01101000 

S9 10S 1S1 01101001 
j SA 10S 1S2 01101010 
k SB 107 1S3 01101011 
I SC 108 1S4 01101100 

m SD 109 1SS 01101101 
n SE 110 1SS 01101110 
0 SF 111 1S7 01101111 
p 70 112 1SO 01110000 
q 71 113 1S1 01110001 

72 114 1S2 01110010 
s 73 11S 1S3 01110011 
t 74 116 1S4 01110100 
u 7S 117 1SS 011101.01 
v 76 118 1SS 01110110 
w 77 119 167 01110111 
x 78 120 170 01111000 
y 79 121 171 01111001 
z 7A 122 172 01111010 
{ 78 123 173 01111011 
I 7C 124 174 01111100 I 

! 70 12S 17S 01111101 
7E 12S 17S 01111110 

DEL 7F 127 177 01111111 

80 128 200 10000000 
81 129 201 10000001 
82 130 202 10000010 
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ASCII Hexadecimal Decimal Octal Binary 

83 131 203 10000011 
84 132 204 10000100 
85 133 205 10000101 
86 134 206 10000110 
S7 135 207 10000111 
S8 136 210 10001000 
S9 137 211 10001001 
SA 13S 212 10001010 
SB 139 213 10001011 
SC 140 214 10001100 
SD 141 215 10001101 
SE 142 216 10001110 
SF 143 217 10001111 
90 144 220 10010000 
91 145 221 10010001 
92 146 222 10010010 
93 147 223 10010011 
94 14S 224 10010100 
95 149 225 10010101 
96 150 226 10010110 
97 151 227 10010111 
98 152 230 10011000 
99 153 231 10011001 
9A 154 232 10011010 
98 155 233 10011011 
9C 156 234 10011100 
90 157 235 10011101 
9E 15S 236 10011110 
9F 159 237 10011111 

AO 160 240 10100000 
A1 161 241 10100001 
A2 162 242 10100010 
A3 163 243 10100011 
A4 164 244 10100100 
A5 165 245 10100101 
A6 166 246 10100110 
A7 167 247 10100111 
AS 16S 250 10101000 
A9 169 251 10101001 
AA 170 252 10101010 
AB 171 253 10101011 
AC 172 254 10101100 
AD 173 255 10101101 
AE 174 256 10101110 
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ASCII Hexadecimal Decimal Octal Binary 

AF 175 257 10101111 
BO 176 260 10110000 
B1 177 261 10110001 
B2 178 262 10110010 
B3 179 263 10110011 
B4 180 264 10110100 
BS 181 265 10110101 
B6 182 266 10110110 
B7 183 267 10110111 
B8 184 270 10111000 
B9 185 271 10111001 
BA 186 272 10111010 
BB 187 273 10111011 
BC 188 274 10111100 
BO 189 275 10111101 
BE 190 276 10111110 
BF 191 277 10111111 

co 192 300 11000000 
C1 193 301 11000001 
C2 194 302 11000010 
C3 195 303 11000011 
C4 196 304 11000100 
cs 197 305 11000101 
C6 198 306 11000110 
C7 199 307 11000111 
cs 200 310 11001000 
C9 201 311 11001001 
CA 202 312 11001010 
CB 203 313 11001011 
cc 204 314 11001100 
CD 205 315 11001101 
CE 206 316 11001110 
CF 207 317 11001111 
DO 208 320 11010000 
01 209 321 11010001 
02 210 322 11010010 
03 211 323 11010011 
04 212 324 11010100 
05 213 325 11010101 
06 214 326 11010110 
07 215 327 11010111 
08 216 330 11011000 
09 217 331 11011001 
DA 218 332 11011010 
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ASCII Hexadecimal Declmal Octal Binary 

DB 219 333 11011011 
DC 220 334 11011100 
DD 221 335 11011101 
DE 222 336 11011110 
DF 223 337 11011111 

EO 224 340 11100000 
E1 225 341 11100001 
E2 226 342 11100010 
E3 227 343 11100011 
E4 228 344 11100100 
ES 229 345 11100101 
E6 230 346 11100110 
E7 231 347 11100111 
ES 232 350 11101000 
E9 233 351 11101001 
EA 234 352 11101010 
EB 235 353 11101011 
EC 236 354 11101100 
ED 237 355 11101101 
EE 238 356 11101110 
EF 239 357 11101111 
FO 240 360 11110000 
F1 241 361 11110001 
F2 242 362 11110010 
F3 243 363 11110011 
F4 244 364 11110100 
F5 245 365 11110101 
F6 246 366 11110110 
F7 247 367 11110111 
FS 248 370 11111000 
F9 249 371 11111001 
FA 250 372 11111010 
FB 251 373 11111011 
FC 252 374 11111100 
FD 253 375 11111101 
FE 254 376 11111110 
FF 255 377 11111111 
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All of the words in this list are keywords in the C programming 
language. They have reserved definitions and may not be used for 
any other purpose (for example, as identifiers). 

asm entry return 
auto extern short 
break float sizeof 
case for static 
char fortran struct 
continue goto switch 
default if typedef 
do int union 
double long unsigned 
else register while 

The keyword entry does not have an assigned definition at this time, 
but it is reserved for future use. The keywords fortran and asm are 
available in some, but not all compilers. Your compiler may reserve 
additional keywords. Check you compiler manual for details. 
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C provides a special metacharacter, the backslash (\) to make possi­
ble the graphic representation of certain nongraphic characters so 
that these characters can be used within a program. 

Character name Output character Escape sequence 

apostrophe \' 
backslash \ \\ 
backspace BS \b 
bit pattern see below \ddd 
carriage return CR \r 
form feed FF \f 
horizontal tab HT \t 
newline (line feed) LF \n 
null character NUL \0 
quotation mark " \" 

All of these escape sequences may be used within character or 
string constants. The quotation mark can be used alone in a charac­
ter constant (see Appendix E). 

The bit pattern sequence enables the representation of any other 
character not shown. The backslash is followed by a sequence of 
up to three octal digits, where the value of the digits equals the char­
acter to be represented. Use the ASCII chart in Appendix A to deter­
mine the octal sequence for the character desired. 

If the backslash is followed by a character not defined above, then 
the backslash is ignored and the character is used by itself. 
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Operators are listed in order of decreasing precedence. All oper­
ators on the same line have an equal precedence level. Except where 
noted, all operators associate left to right. 

() [] -> . 
! - + + - - (type) * & sizeof 
*I% 
+ -
<< >> 
< <= > >= 
- - != 
& ,.. 

&& 
11 
11 

?: 
= and other assignment operators 

(right to left) 

(right to left) 
(right to left) 

The commutative operators ( * + & : ") may be rearranged by the 
compiler for convenience or efficiency. The expression 

x * y * z 

may be evaluated as (x * y) * z or as x * (y * z), depending upon 
the implementation. This may cause problems if x, y, or z is a func­
tion dependent upon the value of either of the other two identifiers. 
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All variables in C have a specified data type. Because variables of 
differing data types may be used within the same expression (where 
it is sensible to do so}, there is a set of rules for converting all oper­
ands to one data type before any operations are performed and for 
determining the data type of the result. Variables will also have con­
stant values assigned to them, and these constants should be in a 
format that will match the data type of the variable. This appendix 
lists the conversion rules and formats for constant values. 

CONVERSION RULES 

Conversion of operands within arithmetic expressions causes all 
data objects to be represented by the same data type. The primary 
effect of conversion is to change the data type with the smaller range 
of values to the data type with the larger range of values. 

In an arithmetic expression, the rules of conversion are 

1. All char and short are converted to int. 

2. All float are converted to double. This conversion implies all 
floating point arithmetic is done in double precision. 

3. After the initial conversion, both operands will be converted to 
the same data type in this order of decreasing precedence: 
double, long, unsigned, and int. In other words, if either oper­
and is double, the other is converted to double; otherwise, if 
either operand is long, the other is converted to long, and so 
on. Whichever data type is chosen as common, that is the type 
of the result. This result will be converted to the type of the 
left-hand operator during an assignment expression. 

CONSTANT FORMATS 

Each of C's basic data types has an associated constant format. The 
proper format should be used to match the data type of the variable 
being assigned the constant value or to match the data type of the 
expression in which the constant is being used. If an improper data 
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type is used and can be converted to the proper data type through 
the conversion rules explained above, then this will be done; other­
wise the compiler will inform you that you have made an error (such 
as trying to assign a string to an integer). 

INTEGER CONSTANTS 

An integer constant consists of any sequence of digits. The 
sequence of digits can represent a numeric value in either decimal, 
octal, or hexadecimal notation. A digit sequence beginning with the 
digit zero (O) is taken to be octal. A digit sequence beginning with 
the digit zero and the letter "X" (OX or Ox) is taken to be hexadecimal 
and may contain the letters "a" through "f' or "N.' through "F". Any 
other digit sequence is taken to be decimal notation. 

If the digit sequence is followed by the letter "L," then the value is 
taken to be of type long. Whether the "L" is present or not, if the 
value of the constant exceeds the range of an int, the constant is 
taken to be of type long. 

Examples: 0542 
3211232L 
Ox33ac 

FLOATING POINT 

A floating point constant follows the standard computerized form 
of exponential notation: 

+I - integer . fraction E/e +I - exponent 

Each +I - indicates an optional algebraic sign, and the "E/e" means 
either upper- or lowercase may be used. A floating point constant 
must have an integer part followed by a decimal point and fraction 
or exponent portion (including the "E") or both. All floating point 
values are taken to be double. 

Examples: 3.2211 
-0.222 

4.333E20 
43e-3 
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CHARACTER CONSTANTS 

A character constant has a character enclosed by apostrophes or 
single quotes ('). 

Examples: 'a' 

STRINGS 

'Z' 
'\n' 
'\012' 

A string constant is a sequence of characters enclosed by quotation 
marks ("). The compiler automatically places the termination charac­
ter (\0) at the end of each string constant. All strings, even those 
written identically, are treated as distinct constants. 

Examples: "Hello" 
"This \" is a quotation mark." 
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The following truth tables indicate the values of the expressions on 
the right, given the values of "P" and "Q" shown on the left. 

tfF 
p Q P AND Q 

F T T T 
T T F F 

F T F 
F F F 

p Q P OR Q p Q P XOR Q 

T T T T T F 
T F T T F T 
F T T F T T 
F F F F F F 
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The following glossary not only defines terms and phrases used in 
this book, but also contains terms relevant to the computing industry 
in general. Many definitions contain terms and phrases defined else­
where in the glossary. In addition, note that while a definition 
presented here may not be the only possible definition for that word, 
it will be the one used throughout this text. 

Abort 
To stop processing. 

Access 
To get at. Data, both in memory and on disk files, may be accessed 

through various software. 

Actual parameter 
The expressions used within parentheses in a function call to pro­

vide that function with processing values. 

Address 
The numerical digits that identify a location in memory. 

Algorithm 
A set of calculating procedures. An algorithm can be thought of as 

a methodology or procedural exemplification of a situation. 

Allocate 
To set apart and designate for a purpose. In C we allocate memory 

for arrays and strings. 

Alphanumeric 
Any alphabetic or numeric character that can be produced using the 

standard keyboard. Alphanumerics do not include control characters. 

ANSI 
Acronym for American National Standards Institute. Used to indi­

cate standardized items of computer-related material. 

APL 
Acronym for A Programming Language. This high-level program­

ming language is used in specialized scientific applications where 
extensive matrix calculations are required. 

Append 
To add onto. The "append mode" in C will begin file access at the 

end of the file in order to allow immediate expansion. 

Argument 
A variable upon whose value a function depends. In functions, the 

parameter is a synonym for the argument. 
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Arithmetic expression 
A combination of numbers, variables, and mathematical operators 

that forms an algebraic statement. 

Array 
A collection of data organized in matrix fashion, all of the same 

data type. Arrays use subscripts to indicate how many dimensions 
the array spans. 

ASCII 
The standard character set used on most microcomputers. ASCII 

is the acronym for American Standard Code for Information 
Interchange. 

Assembler 
A piece of software designed to translate assembly-language source 

code into directly executable machine code. 

Assembly language 
A very low-level language that uses macros and simple commands to 

perform single operations at the microprocessor level. Assembly lan­
guage is one step higher than machine language, since in assembly 
language you are permitted to use commands, symbols, variables, and 
labels rather than the numeric representation of those commands. 

Assignment operator 
The ( =) operator that sets the variable to the left of the operator 

equal to the expression to the right of the operator. 

Assignment statement 
A statement that equates what is to the left of an assignment opera­

tor to what is to the right of the assignment operator. 

Auxiliary 
An additional or supplemental item providing help or support 

through interaction. To compose your C programs, an auxiliary com­
piler is needed to translate your C source code into machine language. 

Back-up 
A copy of a file or entire disk physically separated from the origi­

nal. Used only to restore or replace the original should it be damaged 
or destroyed. 

BASIC 
A programming language (Beginner's All-Purpose Symbolic Instruc­

tion Code). 
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Batch file 
A file containing commands performed automatically and sequen­

tially upon execution. 

Binary 
The base-2 numbering system, in which numbers are formed exclu­

sively from the digits O and 1. 

Bit 
A common contraction for binary digit. A bit is the smallest unit of 

storage. Eight bits form a standard byte. 

Bitwise 
Performed bit-by-bit; using bits as they are encountered. 

Bitwise operator 
An operator that acts on an expression one bit at a time. 

Black box 
A process that produces output from given input by a process that 

is "invisible" from outside the box. 

Boolean 
A system of logic that evaluates expressions as true or false. A 

Boolean variable will contain either 1 for true or 0 for false. A Bool­
ean expression will evaluate to true or false, and all conditional 
statements will evaluate to a Boolean result. 

Boot 
Usually a user-initiated process that causes the computer to load, 

from a disk, an operating system. Some computers have the ability to 
boot themselves when necessary. 

Buffer 
Something that serves to separate two items. Specifically, a tempo­

rary storage unit that holds information shared between two sources. 
A buffer is usually used between a secondary storage unit and the 
primary storage unit because of the difference in operating speed. 

Byte 
The basic unit of storage. A standard byte contains eight bits. A 

single character requires one byte of storage both in memory and on 
disk. 

can 
To begin processing at a designated label or to begin execution 

through a specific function. The call is most often associated with 
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functions where parameters are used to pass data to the function. A 
return statement will be used to resume processing from where the 
call was initiated. 

Call-by-reference 
To pass the address of data to a function. In contrast to call-by­

value, call-by-reference is designed to be able to return more than one 
value. The input data can be modified to reflect output data. 

Call-by-value 
To pass an actual value (numeric or string) to a function. In con­

trast to call-by-reference, call-by-value functions can return only one 
value. 

Cast 
A C operator that changes the size and representation from one 

data type to another. 

Character 
Any alphanumeric, control character, punctuation, or special symbol 

that requires one byte of storage space (both in memory and on disk). 

Code 
A group of meaningful symbols. In programming C, we use a com­

piler to translate source code into object (intermediate) code, and a 
linker to combine object codes to form executable code. 

Comment 
A message intended to explain or illustrate the meaning of the pre­

ceding or following instructions. A nonexecutable programming 
statement. 

Compiler 
A piece of software designed to translate source programs into 

object or intermediate code, which is then taken by a linker to pro­
duce executable code. 

Compiler directive 
A C source statement that begins with the number symbol (#), indi­

cating a special command to the compiler. 

Compiler error 
A diagnostic message given by the compiler to the programmer 

indicating problematic source code. C compiler errors point out the 
nature of the error (syntax error, mixed-mode expression, and so on) 
and the approximate source code line number where the error was 
detected. 
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Computer 
A machine that can accept, process, and output data. 

Concatenate 
To chain or add together. Several strings or files can be concate­

nated into one large entity. 

Console 
The default output device. When you boot your computer, the 

operating system assigns the console to the video display. Your C 
programs can direct output to this device, the printer, or to any other 
device connected to your computer system. 

Constant 
A numeric or string quantity that does not change throughout pro­

gram execution. 

Control character 
Any character that causes special processing. The ASCII decimal 

_value of a control character will occur between 0 and 31. 

Control statement 
A statement that directs execution to another portion of the pro­

gram. A function call is an example of a control statement in C. 

CPIM 
An acronym for Control Program for Microcomputers. C/PM is the 

widely-accepted personal/small-business computer's operating system 
developed by Digital Research. It is available in both 8-bit (CP/M-80) 
and 16-bit (CP/M-86) versions. 

CPU 
The acronym for "central processing unit." This is the "brain" of 

your computer that is responsible for all data manipulation. 

Cursor 
A symbol (usually single-character) on the video display terminal 

indicating where the next keyboard character will appear if sent to 
the terminal. 

Data 
A collection of characters, symbols, or control codes that represent 

a logical item. The computer differentiates data in memory from pro­
gram code by its memory location. 

Data base 
A large collection of (usually related) data. A data base represents a 

large matrix of data whose fields comprise records; several records 
comprise the data base. 
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Data file 
Any named storage location on a disk or similar storage device 

containing either program code or other data. 

Data structure 
An organizational methodology for representing collections of data. 

The data may be of differing data types. 

Data type 
One of the classifications for designating data storage and 

representation. 

Debug 
To rid a program of errors. The process one undertakes to ensure 

program accuracy and completeness. 

Declaration statement 
A statement assigning a data type to a variable name. 

Decrement 
To decrease a numeric variable. By convention, a decrement is usu­

ally the subtraction of 1, but any value can be used. Opposite of 
"increment." 

Default 
A value used when no specific value is given. The value, whether 

string or numeric, automatically used if none is specified. 

Delete 
To remove. Files, memory, and other storage-oriented operations 

can involve deletion. 

Delimiter 
A boundary between two elements. Used to separate fields within a 

record. 

Dimension 
A property of arrays. A dimension is analogous to a direction in 

space: one dimension is linear; two dimensions are planar; three 
dimensions are cubic. When specifying an array, you must provide a 
subscript for each dimension. 

Directory 
A listing or index providing characteristics of files on your disk 

drive. 
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Disk 
A floppy or hard storage medium with the ability to record pro­

grams or other data magnetically for repeated use. The storage capac­
ity of a disk is usually measured in kilobytes. 

Disk drive 
A device that rotates a floppy or hard disk to provide your com­

puter with access to the information on the disk. 

Disk operating system 
A piece of software that controls all input and output from the 

computer to its user. See "operating system" for more information. 

DOS 
An acronym for "disk operating system." 

Dynamic memory allocation 
A technique used by compilers and interpreters to reserve space 

for variables as they are encountered. 

EBCDIC 
An acronym for Extended Binary-Coded Decimal Interchange 

Code. EBCDIC is an alternative to ASCII. Both are methods of 
expressing characters or other data to a computer or any of its 
peripherals. 

Edit 
To refine and cause to conform to standards to suit a purpose. In 

this book you are asked to edit programming examples in order to 
change their actions and to observe those changes. 

Editor 
A word processor, line editor, or other software that can create and 

alter the contents of a disk file. You will require some sort of editor to 
produce your C programs. 

Element 
One of the members of an array, designated by a unique combina­

tion of subscripts. 

Error 
A statement or expression that does not follow the syntax regula­

tions for that command. Your compiler will indicate where such 
source code errors exist, but logical errors that produce undesired 
results must be found through execution and debugging. 

Execute 
To run or begin a program. 
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Executable code 
Program code ready to be used by your computer. It must be 

produced by compiling your source code into object code, and then 
linking the object code with referenced library functions. 

Exponent 
The power of a number. Specifically, the power of ten multiplied by 

the mantissa to yield a notation of the form: n.nnn E exp. 

Expression 
A group of characters (numbers and letters) that form a syntacti­

cally correct statement. 

External function 
A function defined outside of the current source file. 

Factor 
A divisor of a number that produces no remainder. 

Field 
A logically distinct unit containing zero or more characters that 

may be grouped together to form a record. A name, account number, 
address, or dollar amount can be a field. 

File 
A logically organized collection of data in which each record, field, 

or element is related to the other by some criteria. 

Floating point 
The classification of numbers that may contain fractional 

components. 

Formal parameter 
A placeholder in a function declaration used to receive data from a 

function call. 

Formatted printing 
Also known as "pretty printing." Used to produce tables, reports, 

and other printed documents within a predefined format. 

FORTRAN 
An acronym for Formula 1i'anslation, FORTRAN is a procedure­

oriented programming language designed for mathematical oper­
ations. Used extensively in the scientific community. 

Fragment 
An incomplete programming statement. 



GLOSSARY 279 

Function 
A program entity containing statements logically grouped to pro­

cess one specific task. A function may be activated from any section 
of the program. 

Global variable 
A variable accessible to all statements within an entire program. 

Hardware 
Your computer, disks, printers, cables, and their subcomponents. 

All aspects of computers that are not software. 

Hexadecimal 
The base 16 numbering system using the digits 0 through 9 and the 

letters A through F to represent the numbers 0 through 15. 

High-level language 
A language that allows programmers to use symbols, labels, vari­

ables, and other complex concepts to express algorithms in ways a 
computer cannot directly understand; usually requires compilation. 
APL, FORTRAN, and BASIC are considered high-level languages. C 
is classified as a mid-level language. 

Identifier 
Any sequence of letters, digits, and the underscore. The first char­

acter must be a letter. 

Include 
To bring along. As a compiler directive, the #include statement 

reads source code into the compilation at the desired point. 

Increment 
To increase a numeric variable. By convention, an increment is 

usually the addition of 1, but any value can be used. Opposite of 
''decrement.'' 

Indirection 
Referencing by address; that is, using a variable's address instead 

of the variable itself. 

Initialize 
To set the value of. Initialization can be to any value. One can also 

initialize or "format" a disk. 

Input 
The information that comes to the computer from the outside. You 

will usually provide input to the computer through the keyboard. 
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Input/output 
The process of communication between computer, operator, and 

peripherals. Often abbreviated as "1/0." 

Integer 
A numeric value with no fractional components. 

Interface 
A shared boundary. Often refers to the piece of hardware used 

between two pieces of equipment to facilitate communication 
between them. 

Intermediate file 
The file produced by the compiler from your source code. Also 

called "object files," these files must be linked with library files to 
produce executable code. 

IIO 
The standard abbreviation for "input/output." 

Iteration 
The process of repeating. Within the C language, iteration is imple­

mented with for and while loops. 

Kilobyte 
One thousand bytes. Derived from the Greek prefix "kilo" meaning 

"thousand." Abbreviated as "K." 

Label 
A location within a source program. Program flow can be trans­

ferred to this location with a goto statement. 

Librarian 
A piece of software designed to take object files containing func­

tions and concatenate them into "library files." The librarian adds, 
deletes, and modifies modules within library files. 

Library file 
A disk file containing object code created from many functions or 

procedures that can be linked to resolve references to external func­
tions within a program. 

Line 
Any set of printable alphanumeric characters terminated with the 

carriage-return and linefeed characters. 

Linefeed 
Expressed numerically as ASCII code 10, it is used in conjunction 

with the carriage-return (ASCII 13) to form an end-of-line. 
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Link 
To bring together. Specifically, to produce a large file (executable) 

from a series of smaller ones (object). 

Link.er 
A piece of software designed to combine object and library files 

and produce executable code. 

List device 
The standard output device for receiving printed material; usually a 

printer. 

Literal data 
Any data item that appears "as is" repeatedly, regardless of the 

situation that uses it. A "constant" is an example of literal data. 

Local variable 
A variable accessible only within a defined block of programming 

statements. 

Logical expression 
An expression yielding a value of true or false. 

Logical operator 
An operator used to compare the truth values of two expressions. 

Low-level language 
A programming environment providing only the most basic micro­

processor operations (addition, data movement, and so on). 

Machine code 
Commands directly executable by the CPU. 

Machine language 
A programming language with a very limited instruction set 

designed to directly control every function of the CPU. 

Macro 
An identifier used as a synonym for a set of instructions or a con­

stant value. 

Mantissa 
The numeric portion of a floating point number or a number 

expressed in scientific notation. All numbers expressed this way have 
both a mantissa and an exponent. 

Matrix 
A collection of numbers or characters arranged in rows and 

columns and having "dimensions." Also known as an "array." 
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Megabyte 
One million bytes. Derived from the Greek prefix "mega," meaning 

"million." 

Memory 
Storage space for data resident within the computer; measured in 

kilobytes. 

Microprocessor 
As the "brain" of your computer, the microprocessor is responsible 

for all calculations and hardware-controlling functions. 

Mixed-mode expression 
An expression involving at least two operands of differing data 

types. 

Modular 
Capable of being easily joined to. In this book we stress structured 

programming-that is, programming in complete functional units-as 
a means of giving programs modularity. 

Module 
Like a function, a module represents a single-step process that can 

be used by many other parts of a program. 

Modulo 
A mathematical function returning the remainder of an integer 

division. In C, the modulo operator is the percent sign (O/o ). 

Multidimensional 
Having more than one dimension (planar, cubic, and so on). Arrays 

are often multidimensional. 

Nesting 
Putting loops inside loops, #include files inside #include files, and 

other repetitive functions inside themselves. In contrast with "recur­
sion," a segment of code contained within a larger portion of code, 
whereas recursion causes the same portion of code to be reexecuted. 

Nondigit 
Any character that is not between 48 and 57 decimal ASCII; any 

character that is not a number. 

Numeric 
Any number; any character between 48 and 57 decimal ASCII. 

Object file 
The file produced by the compiler. Contains relocatable machine 

code to be linked with library files to produce executable code. 
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Octal 
The base-8 numbering system, in which numbers are expressed 

with the digits 0 through 7. 

Operand 
A component of an expression that has a value. 

Operating system 
A piece of software that controls all functions of computer process­

ing and peripheral communication. 

Operator 
A symbol or word performing some function upon one or more 

operands. Also used to identify the person using a computer. 

Output 
The information that goes from the computer to a peripheral. Out­

put is presented to you on your video display terminal. 

Parameter 
The value or values required by a function, enclosed within 

parentheses. 

Parse 
To take apart. Programs must sometimes dissect strings or com­

mands into separate data elements. 

Peripheral 
Any device connected to a computer that provides input, accepts 

output, or performs auxiliary functions (such as a storage device). 

Pointer 
A data type that holds the address of another variable. 

Pointer operator 
The * operator, indicating the use of the data at an address speci­

fied by a pointer variable. 

Precedence 
The order in which an expression will be evaluated. 

Prompt 
A character or group of characters used to notify the user that 

input is required. In programming, questions to the user are consid­
ered prompts. 

RAM 
An acronym for random-access memory. 
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Random-access file 
A file whose organization permits access in a random fashion. Con­

trasted with "sequential file." 

Random-access memory 
Memory that can have its parts accessed in a random manner. 

More commonly, it is the reusable and volatile storage space within 
the computer. 

Rational number 
A number that is expressed as the quotient of two integers. 

Read 
To take as input. A program can read from the keyboard, a file, or 

from memory. 

Read-only memory 
Memory that cannot be erased, written on, or changed. Inherent 

capabilities of the computer and its start-up procedure are stored in 
read-only memory to provide permanent storage. 

Real number 
A number that may contain a fractional part. In the computer, real 

numbers can have values much larger than those of integers. 

Record 
A logical grouping of fields in a file. Records are composed of 

fields; files are composed of records. 

Recursion 
The process in which a portion of code begins to reexecute itself. 

The original executing version of code remains intact (but not opera­
tive), and the reexecuting code is initiated as a new entity. 

Recursive function 
A function that may call itself. 

Register 
A storage location within the CPU. 

Relational operator 
An operator performing some type of comparison between two 

operands. 

Relocatable 
Used to identify a file that can be inputted by a linker to be trans­

lated into executable code. Also known as "object code." 
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Returned value 
The result of a function's processing. 

ROM 
An acronym for read-only memory. 

Run-time 
Occurring during execution as opposed to during compilation. 

Sequential file 
A file whose organization permits access only in a sequential 

manner, either from top to bottom, from bottom to top, or from any 
midpoint to an endpoint. Contrasted with "random-access file." 

Software 
Your compiler, word processor, line editor, operating system, any C 

programs, or other applications programs. That which controls 
hardware. 

Source code 
The statements you use to express algorithms in C. Source code 

must be compiled and linked to produce executable code. 

Source file 
A disk file containing programming statements in source code. 

Statement 
A line containing one or more expressions. 

Stream organization 
Arrangement in a sequential, one-directional manner. 

String 
Any continuous sequence of characters. 

Subroutine 
A procedure to which control can be transferred within a program. 

A subroutine performs one function and returns program flow to the 
instruction immediately following the call. 

Subscript 
One of the dimensions of an array. To specify an element of an 

array, one uses subscripts to uniquely identify the placement of the 
element within the array. 

Syntax 
The structure of a statement. The arrangement of commands in 

their proper usage. 
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Text 
Any unit of alphanumeric characters. 

Token 
The identifier used as the pseudonym in a macro definition. 

Two's-complement 
A method of representing a negative number in the computer's 

memory. 

Union 
A data structure capable of holding different data types, but only 

one piece of data may reside in the union at any one time. 

UNIX 
An operating system written in C and developed for program 

development. Created by Bell Laboratories. 

Utility 
A piece of software designed for one specific purpose. A tool used 

to supplement a more important process. 

Variable 
Any valid identifier that can change value. 

Whitespace 
Any characters ignored by the compiler when translating a source 

file. 

Word 
The basic unit of addressable storage within the computer's RAM; 

usually 8, 16, 32, or 64-bits in length. 

Write 
Opposite of read; to write is to send information to a storage 

device. 
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File, (continued) 
nonvolatile, 15 
organization, 16 
random-access, 183 
relocatable, 18, 201, 213-214 
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source, 18, 27, 39, 82, 203, 215 
source code, 31 

Filedescriptor, 185 
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K, 8 
KB,8 
Keyword, 34 
Keywords, 258 
Kilobyte, 8, 280 

Label, 72, 280 
Language 

level, 24 
assembly, 24-25, 28 
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Multidimensional, 282 

arrays, 133-134 
Multiple value, 121 
Multiplication operator, 118 
Multiway decision, 61 

Negation operator, 52-53 
Negative binary numbers, 10 
Nesting, 35, 68, 282 
Newline, 33, 44, 177, 219 
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Programmer's axioms, 32 
Programming, 30, 75, 120, 143 

data, 229 
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Relocatable file, 18, 201, 213-214, 284 
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declarator, 214 
extern, 223 
external, 85 
register, 85, 223 
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