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Preface ...

We take this opportunity to present this book entitled as “Advanced C Programming”
to the students of Second Semester — B.sc(CA). The object of this book is to present the
subject matter in a most concise and simple manner. The book is written strictly according to

the New Syllabus (2024 pattern as per NEP-2000).

The book has its own unique features. It brings out the subject in a very simple and lucid
manner for easy and comprehensive understanding of the basic concepts, its intricacies,
procedures and practices. This book will help the readers to have a broader view on
Advanced C Programming. The language used in this book is easy and will help students to
improve their vocabulary of technical terms and understand the matter in a better and

happier way.

We sincerely thank Shri. Dineshbhai Furia and Shri. Jignesh Furia of Nirali Prakashan, for
the confidence reposed in us and giving us this opportunity to reach out to the students of

management studies.

We have given our best inputs for this book. Any suggestions towards the improvement

of this book and sincere comments are most welcome on niralipune@pragationline.com.

Authors
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Preprocessor
_

Objectives ...

m] To understand concepts of preprocessor.

[m] To study format of preprocessor directives.

[m] To learn Nested macro and Parameterized macro.
[m] To study predefined macros.

INTRODUCTION

The C language preprocessor is a collection of special statements, called directives
that are executed at the beginning of the complication process.

Preprocessor directives are processed by a program called a preprocessor.

Each of the preprocessor directives begins with a hash symbol (#) and do not require
semicolon at the end.

CONCEPT

C preprocessor is a unique feature of C programming language.

C preprocessor has many tools that are not available in other high-level languages.
These tools can be used by programmer to make his program easy to write, read, and
modify, more efficient and portable.

Preprocessor is a program that processes source code before it passes through the
complier.

It operates under the control of preprocessor directives or preprocessor command
line.

Preprocessor directives are placed in source program before main ().

The source code is first processed by the preprocessor, which checks for any
preprocessor directives. After handling these directives, the modified code is passed
to the compiler for compilation.

(1.1)
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FORMAT OF PREPROCESSOR DIRECTIVES

e DPreprocessor directives follow special format that are different from normal C
program formats.
¢ Rules of Preprocessor Format:
1. All preprocessor directives start with # symbol in first column.
2. Preprocessor do not require semicolon at the end e.g., #include, #define.
3. Preprocessor directives are placed in the source program before calling the main
() function.
e Following is list of commonly used preprocessor directives and their functions.

Table 1.1: Preprocessor Directives and Functions
Sr. No. Directives Functions
1 #define Defines a macro substitution.
2. #include Specifies files to be included.
3. #undef Undefines a macro.
4. #ifdef Test for macro definition.
5. #endif Specifies the end of #if.
6. #ifndef Tests whether a macro is not defined.
7. #if Test a compile time condition.
8. #else Specifies alternatives when #if test fails.

e The above listed directives can be divided into three categories:
1. File Inclusion directives (#include).
2. Macro substitution directives (#define).
3. Complier control directives.

FILE INCLUSION DIRECTIVES (#include)

e As a part of program, an external file containing functions or macro definitions can
be included.
e #include preprocessor directive is used to include an external file or macro.
Format of file inclusion directive:
#include "filename"
or
#include<filename>
Where, Filename is the name of file containing required definitions or functions.
e #include preprocessor inserts entire contents of filename into the source code of
program.
e There is difference between "filename" and <filename> inclusion.
o When filename is included in double quotation mark, the search for file is first
made in current directory and then in standard directories.
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o When filename is without double quotes, file is searched only in standard
directories.
¢ Nesting of included files is allowed i.e., an included file can include another file but a
file cannot include itself.
e Ifincluded file is not found, an error is reported and compilation is terminated.
Example:
e Letus consider following 'C' programs:

1. SYMBOLS.c contains symbols definitions.
2. SHAPES.c contains shapes related functions.
3. TEST.c contains test functions.

e We can add these definitions or functions to use in program by including them with
#include preprocessor directive.

#include <stdio.h>
#include "SYMBOLS.c"
#include "SHAPES.c"
#include "TEST.c"
#tdefine x 100

main ()

MACRO SUBSTITUTION DIRECTIVES (#define)

e An identifier in a program is replaced by a predefined string composed of one or
more tokens, is called as Macro Substitution.

e Macro substitution process is accomplished with the help of #define directive
statement.

e Macro statement is usually known as Macro definition or a Macro.

Syntax of Macro declaration:

#tdefine identifier string

e If a macro is included in a program at the beginning, preprocessor replaces each
occurrence of identifier in the source code by the string.

o #define keyword is written in the first column followed by identifier and a string
with at least one blank space between them.
[Note: Definition is never terminated by a semicolon.]

e String may be any text whereas identifier must be a valid 'C' name.
e.g.#define COUNT 100
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Types of Macro substitution:

Macro substitution in programming, particularly in languages like C and C++,
involves replacing code snippets with predefined macros. There are two main types of
macro substitution:
1. Object-like Macros:
These are simple substitutions where a macro name is replaced by a value or a
code snippet.
Example:
#define PI 3.14
In this case, any occurrence of PI in the code is replaced with 3.14.
2. Function-like Macros:
These resemble functions and can take arguments, allowing for more dynamic
code substitution.
Example:
#tdefine SQUARE(x) ((x) * (x))
Here, SQUARE(5) would be replaced with ((5) * (5)).
Following are common forms of Macro substitution:
1. Nested Macro Substitution.
2. Parameterized Macro (Argumented Macro Substitution).
3. Macros Vs Functions.
Let us see details of each form in next sections.

Simple Macro Substitution:

To define constants simple string replacement is used.

Example: #define M 500
#define TRUE 1
#tdefine SUBJECTS 4
#define PI 3.142
#tdefine STATE "MAHARASHTRA"

It is a convention to write all macros (Identifiers) in capital to identify them as
symbolic constants.

#define X 5
For above macro definition, for occurrences of X will be replaced with 5, starting from
line of definition to the end of program.
A macro name inside a string does not get replaced.
Example: Sum = X * value;

printf("X = % d\n", X);

These two lines would be changed during preprocessing as shown below:

Sum = 5 * value;

printf("X = % d\n", 5);
Notice that the string "X = %d\n" is left unchanged.
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e A macro definition can include more than a simple constant value. It can include
expressions. Following are valid definitions.

#define AREA 5*¥12.46
t#tdefine SIZE Sizeof (float)*4
#define TWO-PI 2.0*3.1415926

e Itis good practice to use parentheses for expressions used in macro definitions.

#tdefine M (45 - 22)
#tdefine N (78 + 32)
Consider evaluation of expression,
: M
ratio = N

parenthesis used result is different and if not used results would be different.
e Semicolons are not used to terminate #define statements as preprocessor replaces
macro definition whenever defined macro name occurs.

Example:
#define STMT if(a > b)
#define AND
#tdefine DISPLAY printf("a is greater \n");

If a statement is written as,
STMT AND DISPLAY
The preprocessor would replace the statement to if (a > b) printf("a is greater \n");

Program 1.1: To define a macro using #define directive.
#include <stdio.h>
#define AREA length*breadth
/* macro AREA definition */
void main( )
{
int length, breadth;
clrscr( );
printf("Enter the Length and Breadth\n\n");
scanf("%d %d",&length, &breadth);
/* echo the data */
printf("\n Length = %d Breadth = %d\n", length, breadth);
printf("InArea = %d square units", AREA);

getch( ); /* freeze the screen */
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Output:

Enter the Length and Breadth
10 5

Length = 10 Breadth = 5

InArea = 5@ square units

NESTED MACROS

e Macro definitions may be nested. Nested macro means, we can use one macro in
definition of another macro.

Example:
#define A 5
#define B A+ 2
#define SQUARE (X) ((X) * (X))
#define CUBE (X) (SQUARE(X) * (X))
#define TOTAL (X) (CUBE (X) * CUBE (X))
e The preprocessor expands each #define macro until no more macros appear in the
text.
Example:

(CUBE (X) * CUBE (X))
——
Last definition of TOTAL (X)

Last definition is first expanded into

(SQUARE (X) * (X)) * (SQUARE (X) * (X))
CUBE (X) CUBE (X)

Since SQUARE(X) is a macro, it is further expanded into

(C(X) * (X)) * (X)) * (((X) * (X)) * (X))
[ — [ ——
SQUARE (X) SQUARE (X)

The final evolution of TOTAL(X) is X°.
e Macro calls can be nested in similar way as function calls.
Example:
1. Given definitions of P and Q, we can define following macro to give max of 2.
#define MAX (P,Q) ((P) > (Q))? (P): (Q)
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2. Similarly given definition of MAX (P, Q), we can use following nested call to give
max of 3values X, Y, Z.
MAX (X, MAX (Y, Z))

Program 1.2: For nesting macro.
#include<stdio.h>
#tdefine SQU(x) ((x)*x)
#define CUBE(x)(SQU(X)*x)
int main()

{
int x;
int y;
X = SQU(3); // Argumented Macro
y = CUBE(3); // Nested Macro
printf("\n Square of 3: %d",x);
printf("\n Cube of 3: %d",y);
return(0);

}

Output:
Square of 3: 9

Cube of 3: 27

Undefining a Macro: Using #undef statement, a defined macro can be undefined.
Syntax: #undef identifier
Example: #undef MAX (P, Q)

e This is useful when we want to restrict the definition only to particular part of
program.

PARAMETERIZED MACROS

e A parameterized macro is a macro that is able to insert given parameter into its
expansion.

¢ Each time the macro name is encountered the parameters associated with it and are
replaced by actual parameters found in the program.

e It works like function with parameters so parameterized macros are also called as
Macro Function.

e Parameters are not case sensitive; therefore, we can pass any numeric variable to an
argumented macro that expects a numeric argument.

e Argumented macros execute much faster as compared to similar functions.
Syntax of Parameterized Macros:

#tdefine identifier (f1, f2.. fn) string

The identifier f1, f2, ..., fn are formal macro parameters that are similar to formal
parameters in function definition.
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Occurrence of macro with parameter is known as macro call (similar to function call).
Whenever a macro is called the preprocessor substitutes the string, replacing the
formal parameter with actual parameters.
Example:

#define  CUBE(m) (m*m=*m)
Where CUBE is macro name, m is a formal parameter and (m#m+m) is definition of
macro with parameter CUBE(m).

Volume = CUBE(side);
If above statement appears in program, then preprocessor would expand this
statement to,

Volume = (side*side*side);
(sidexsidexside) is expansion of CUBE(side) macro with actual parameter i.e. side.

Program 1.3: For macro with arguments.

#include <stdio.h>

/* macro LARGEST definition */

#define LARGEST(a, b, c¢) (a>b?(a>c? a:c):(b>c?b:c))
void main( )

{
float x=65.3, y=35.2, z=87.9, big;
int i=41, j=91, k=11, max;
clrscr();
big = LARGEST(X,y,z);
printf("Largest of %8.2f %8.2f %8.2f is %8.2f\n\n", x, y, z, big);
max = LARGEST(i,j,k);
printf("Largest of %8d %8d %8d is %8d\n\n", i, j, k, max);

}

Output:

Program 1.4: For macros with parameters.

#include <stdio.h>
#define MAX(x,y) (x>y ? x:y)
int main(void)

{
clrscr();
printf("\n Max between 40 and 20 is %d\n", MAX(40, 20));
return 0;

}

Output:
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MACROS VERSUS FUNCTIONS
Table 1.2
Sr. Macros Functions
No.
1. Macros are preprocessed i.e., all | Functions are not preprocessed but
macros would be processed before | compiled.
program complies.
2. No type checking which can lead to | Type checking is done in the function.
errors sometimes.
3. Using macro increases the code | Using function keeps the code length
length. unaffected.
4, Speed of execution is faster. Execution speed is slower.
Before compilation, macro name is | During function call, transfer of
replaced by macro value. control takes place.
6. Macros are useful when small code is | Functions are useful when large code is
repeated many times. to be written.
7. Macros do not check compile time | Function checks compile time errors.
errors.

#ERROR / #PRAGMA DIRECTIVES

#pragma Directive

e #pragma is an implementation oriented directive that allows us to specify various
instructions to be given to the compiler.
Syntax: #pragma name
Where, name is the name of pragma instruction to be given.
Example: #pragma startup
Before the execution of main(), the function specified in pragma is needed to run.

#pragma exit

Before the end of program, the function specified in pragma is needed to run.

Program 1.5: For pragma directives.
#include <stdio.h>
int display();
#pragma startup display
#pragma exit display
int main()

{

printf("I am in main function");
return 9;




