C- Programming

Chapter – 7 C Programming
A Brief History of C: 

The C programming language was developed by Dennis Ritchie at Bell Labs during the early 1970's. Quite unpredictably it derived from a computer language named B and from an earlier language BCPL. Initially designed as a system programming language under UNIX it, expanded to have wide usage on many different systems. The earlier versions of C became known as K&R C after the authors of an earlier book, "The C Programming Language" by Kernighan and Ritchie. As the language further developed and standardized, a version know as ANSI (American National Standards Institute) C became dominant. Although it is no longer the language of choice for most new development, it still is used for some system and network programming as well as for embedded systems. More importantly, there is still a tremendous amount of legacy software still coded in this language and this software is still actively maintained.

Features and Importance of C:

a) It contains powerful data definition method. The data types supported are alphanumeric characters, character string, integer numbers and floating point numbers.

b) It contains a powerful instructions set of data operators that tell computer how to manipulate the data within a program. 
c) It combines elements of a high level language with some features of assembler.

d) As a middle level language, C language manipulates memory address. 

Advantages and Disadvantages of C:
Advantages:

a) C is one of the efficient programming languages. Using this language, operating system like Windows and UNIX were developed.

b) There is no limitation while programming using C. We can develop any kinds of program.

c) Compiler of C language is every efficient than any other language and the code generated b C compiler is much light weighted than any other languages.

d) C is powerful language and the use of pointer has made it unique.

Disadvantages:

a) C on the other hand is complex and it is difficult for the beginners.

b) Pointer is one of the unique features which have made C powerful but if it is mishandled the system may crash so it is risky too.

c) The modern concept of Object Oriented programming is not available in C.

C Preprocessor and Directives and Header Files:
C Preprocessor:

As part of compilation, the C compiler runs a program called the C preprocessor. The preprocessor is able to add and remove code from your source file. One of the major functions f C preprocessor is Tokenizing. The final step of the preprocessor is to link the resulting program with necessary programs and library.

#define directive:

This directive has the following syntax:

#define identifier substitution_token

This directive is used for text substitution. Every occurrence of the identifier is substituted by the substitution_token. The primary advantage is that it increases the readability of the program.

For Example:

#define TRUE 1

#define FALSE
#define MAX 100

#define PI 3.14

#include directive:

This directive searches for a header or source file, which can be processed by the implementation, to be include in the program. The syntax for this directive is:

#include <filename>

Header Files:

Header files are a collection of macros, types, functions and constants. Any program that needs those functions can include the corresponding header files. 

List of some commonly used Header file and their purposes:

	Header Files
	Purpose
	Functions Declared

	stdio.h
	Used for standard input and output (I/O) operations.
	printf(), scanf(), getchar(), putchar(), gets(), puts(), getc(), putc(), fopen, fclose(), feof()

	conio.h
	Contains declaration for console I/O functions.
	clrscr(), exit()

	ctype.h
	Used for character-handling or testing characters.
	isupper(), is lower, isalpha()

	math.h
	Declares mathematical functions and macros.
	pow(), squr(), cos(), tan(), sin(), log()

	stdlib.h
	Used for number conversions, storage allocations.
	rand(), srand()

	string.h
	Used for manipulating strings.
	strlen(), strcpy(), strcmp(), strcat(), strlwr(), strupr(), strrev()


Character Set:
The Character sets supported by C are:

a) A digit from 0 to 9.

b) An uppercase letter from A to Z and lowercase letter from a to z.

c) A special symbol like $,*,/,#,(,+,),=,{,},[,],<,>,’,!,&,|,_,^,~,\,.,;,:,? etc.

Comments:

Comments may be included in a C program to describe what is function or part of the program is supposed to do, or, to clarify some portion of code. 

A comment begins with the two-character symbol /* and is terminated by another two-character symbol */. 
For example: 

/* My First Program */

#include <stdio.h>

main()

/* This is the main function */

{


printf(“Welcome to my first program\n”);
/* COMMENTS */
Data Type is C:

C provides built in data types for character, float and integer data. Primitive Data type in C is given below:

	Data Type
	Memory Requirement
	Properties

	char
	1 byte
	Holds a character

	int
	2 bytes
	Holds an integer value

	float
	4 bytes
	Holds single precision value

	double
	8 bytes
	Holds double precision value

	void
	0 byte
	Holds nothing



NOTE: The above memory requirement is based on Turbo C. They may vary from compiler to compiler.
Constants and Variables:
Constant: A constant is a value that does not change during the program execution. There are four basic types of constants: They are:

a) Integer constants

b) Floating point constants

c) Character constants

d) String literals

Symbolic Constants: A symbolic constant is simply an identifier used in place of a constant. In C, symbolic constants are usually defined at the start of the program. Symbolic constants are declared using define as:   
#define PI 3.14

#define MAX 100

Variable: A variable is used to hold data within your program. A variable represents a location in your computer's memory. Every variable has two parts, a name and a data type.  

Variable declaration: A variable declaration states the types of the variable, variable name and if necessary initializes the variable to a given value. 
For e.g.

int count;
int number_of_students = 30;

Operators:

Operators are the symbols, which specify the operations that can be performed on variables and constants. The data on which the operations are performed are called the operands. There are basically 4 types of operators provided by C language.

Arithmetic Operators:
Operators, which are used for arithmetic calculation such as addition, division etc is called arithmetic operators. The list of arithmetic operators according to the decreasing order of precedence is:

(a) ++      --     + (unary)    - (unary)
(b) *    /     %

(c) + (binary)    - (binary)

Increment (++) and Decrement (--) Operators

Basically both these operators are used for incrementing and decrementing a variable by 1. For example:

i++ /* same as i=i+1*/

i-- /* same as i=i-1*/

These two unary operators are used in two different ways:

1. Post-Increment/Decrement

2. Pre-Increment/Decrement

Post-Incrementing a variable uses the value of the variable before increasing its value. Pre-incrementing a variable uses the value of the variable after increasing its value. The same rules hole for decrement operator also.

Consider,

int a,b=4;

The difference between a = b++; and a = ++b; is that, in the former case, a is assigned the value 4 and in the latter, a is assigned the value 5.

Unary Operators:

The unary (+) and unary (-) operators are trivial (insignificant). The binary operators *,/,% have higher precedence that the binary +, - operators. The modulus operator (%) returns the remainder obtained when one operand is divided by the other. For example, the expression 5 % 3 returns the value 2. 

Logical Operators

The three logical operators in C in their decreasing order of precedence are:
	Operator
	Description
	Example
	Evaluation

	!
	NOT
	!(5 > 3)
	FALSE

	!
	NOT
	!(5 > 6)
	TRUE

	&&
	AND
	(5 > 3) AND (5 > 6)
	FALSE

	&&
	AND
	(5 > 3) AND (5 > 4)
	TRUE

	||
	OR
	(5 > 3) OR (5 > 6)
	TRUE

	||
	OR
	(5 > 3) OR (5 > 4)
	TRUE


The six relational operators in C are:
	Operator
	Description
	Example
	Evaluation

	==
	equal
	5 == 4
	FALSE

	
	
	5 == 5
	TRUE

	!=
	not equal
	5 != 4
	TRUE

	
	
	5 != 5
	FALSE

	>
	greater than
	5 > 4
	TRUE

	
	
	5 > 5
	FALSE

	>=
	greater than or equal
	5 >= 4
	TRUE

	
	
	5 >= 5
	TRUE

	<
	less than
	5 < 4
	FALSE

	
	
	5 < 5
	FALSE

	<=
	less than or equal
	5 <= 4
	FALSE

	
	
	5 <= 5
	TRUE


Assignment Operators:
Assignment operators like =, +=, etc. are used to assign values to variables. In C, the following assignment is possible. 

a = b = c = d;

Assigning values are done from right to left. d’s value is assigned to c, c is assigned to b and b is assigned to a.

In C, expressions like x=x+1 and a=a+b are used quite frequently. To facilitate a simple shortcut to these expressions, operators like +=, -=, /+, %=, <<=, >>=, &=, ^=, |= are used.

Hence, x=x+1 is analogous to x+=1 and a=a+b is analogous to a+=b.

Ternary Operators (?:):
C’s only ternary operator is ?:. The following is the syntax of a ternary operator.

<conditional_expression> ? <expression1> : <expression2>

If the <conditional_expression> results in a non-zero value, <expression1> will be executed,
Otherwise <expression2> will be executed.


For example, a function returning the greater of two numbers can be written as:

int great (int a, int b)

{

return (a>b) ? a:b;

/* if a>b, a is returned, otherwise b is returned */

}

Comma Operator (,):
The final C operator is the comma operator. The comma operator is generally used in the for statement for looping purposes. The expressions separated by comma are evaluated from left to right. 

Input/Output (I/O) Operations:

There are two ways of performing I/O operations in C. They are:

1. Formatted I/O

Formatted I/O operation specifies a format string, which specifies the manner in which arguments to the I/O function needs to be interpreted.

printf() Function

The standard library function printf is used for formatted output. It takes as arguments a format string and an optional list of variables or literals to output. Here is the prototype for printf. 

	int printf(const char *format, arg1, arg2, arg3, ......); 


scanf() Function

The standard library function scanf is used for formatted input. It takes as its arguments a format string and a list of pointers to variables to store the input values. Here is the prototype of scanf;
	int scanf(const char *format, arg1, arg2, ....); 



A sample program to illustrate the formatted input and formatted output.

#include <stdio.h>

void main()

{

int a,b,c;

printf("Type any two numbers ");

scanf ("%d%d", &a, &b);

c=a+b;

printf("Sum = %d",c);

}
The above program asks any two integers and calculates their sum.

2. Unformatted I/O
C provides the following unformatted I/O functions:

getchar() Function

getchar reads a single character from standard input. Its prototype is:

	int getchar(); 


It returns int rather than char because the "end of file", EOF, character must be handled. EOF is an int and is too large to fit in a char variable. 

putchar() Function

putchar writes a single character to standard output. Its prototype is:

int putchar(int value);

Here is a simple program which echoes back everything that is typed in. Note that depending on which operating system you are using, EOF is entered by typing control-z or control-d. So, if you try running this code, type control-z or control-d to end execution.
#include <stdio.h>
int main()
{
    int c;
    while ((c = getchar()) != EOF)
    {
        putchar(c);
    }
    return(0);
}
gets() Function

gets reads a line of input into a character array. Its prototype is:
char *gets(char *buffer);
It returns a pointer to the character string if successful, or NULL if end of file is reached or if an error has occurred. The string is also read into the character array specified as an argument. The character string will be terminated be a "\0", which is standard for C.
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puts() Function

puts writes a line of output to standard output. Its prototype is:
int puts(const char *buffer);
Control Structures:
Basic programming constructs, which executes a specified code, based on a given condition is called a control construct. Control constructs are mainly of three types:

a) Sequence Structures

b) Selective Structures [Branching Statements]- if-else, switch-case

c) Iteration Structures [Looping Statements] – for, while, do-while

Sequential Construct
Sequential structure or construct means the statements are being executed sequentially and none of the codes are repeated and there are no any conditions. This represents the default flow of statement as shown below:


Select Constructs
The selective construct means the execution of statement(s) depending upon a condition-test. If a condition evaluates to true, a course-of-action (a set of statements) is followed, otherwise another course-or-action is followed.
Iterations Constructs

The iteration constructs means repetition of a set-of-statements depending upon a condition-test. Till the time a condition is true (or false depending upon the loop), a set-of-statements are repeated again and again. As soon as the condition becomes false (or true), the repetition stops. The iteration construct is also called as looping construct. 

Selection Statements

The selection statements allow choosing the set-of-instructions for execution depending upon an expression’s truth value. C provides two types of selection statements: if and Switch.

if-else statement

This statement allows branching depending upon the value of the condition. The statement to be executed or skipped depends on the decision. 

Syntax:
if (conditional expression)

{


statement (s);

}

else
/*optional*/

{

 
statement (s);

}

A sample program that tests whether the supplied number is even or odd

#include <stdio.h>

void main()

{

int a;

printf("Type any numbers ");

scanf ("%d", &a);

if (a%2==0)

{

printf("Even");

}

else

{

printf("Odd");

}

}

Iteration Statements:
The iteration statement allows a set of instructions to be performed repeatedly until a certain condition is fulfilled. The iteration statements are also called as loops or looping statements. C provides three kinds of loops: 


‘for’ loop

The for loop can execute a block of code for a fixed number of repetitions. Its syntax is as follows.

	for (initializations;test conditions;actions)
{
    block of code
} 


The simplest way to understand for loops is to study several examples. 
First, here is a for loop that counts from 1 to 10.

	
for (count = 1; count <= 10; count++)
{
    printf("%d\n",count);
} 


‘while’ loop

The while loop is used to execute a block of code as long as some condition is true. If the condition is false from the start the block of code is not executed at all. Its syntax is as follows. 

	while (tested condition is satisfied) {
    block of code
} 


Here is a simple example of the use of while. This program counts from 1 to 100.

	#include <stdio.h>

int main()
{
    int count = 1;

    while (count <= 100)
    {
        printf("%d\n",count);
        count += 1; /* Shorthand for count = count + 1 */
    }

    return 0;
} 


‘do’ loop

The do loop also executes a block of code as long as a condition is satisfied. The difference between a "do" loop and a "while" loop is that the while loop tests its condition at the top of its loop; the "do" loop tests its condition at the bottom of its loop.

The "do" loops syntax is as follows

	do {
    block of code
} while (condition is satisfied) 


Here is an example of the use of a do loop.

#include <stdio.h>
int main()
{
   int count=1;

    printf("Guess a number between 1 and 100\n");
    do {
        printf("%d\n",count);
        count += 1; /* Shorthand for count = count + 1 */
    } while (count <= 100);

    return 0;
}

Array

An array is a collection of elements of the same type that are referenced by a common name. Each element of an array can be referred by an array and its subscript. Array may be single, double dimensional or multidimensional.


‘break’ and ‘continue’ statement
	break statement
	continue statement

	This statement causes the program flow to exit form the body of the switch construct or loop.
	This statement causes the program flow leaves out the execution of the set of statement following it and transfers the control to the loop controlling expression of the iteration it belongs to. 

	Syntax: break;
	Syntax: continue;

	Example:

#include <stdio.h>

void main()

{

int i;

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

{


if (i==3)



break;


printf ("%d",i);

}

}

The output will be: 1 2 
	Example:

#include <stdio.h>

void main()

{

int i;

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

{


if (i==3)



continue;


printf ("%d",i);

}

}
The output will be: 1 2 4 5


Functions

A function is a self-contained program segment that carries out some specific, well-defined task and function always returns a value. Basically there are two types of functions. 

· Built-in/Library function: The function which are provided by compiler.

· User-Defined function: The function defined by the user while writing the program.

Features of functions are:

· Function is named. i.e. function always has got name.

· Function is independent.

· Function performs specific task, and 

· Function can return a value to the calling program.

Recursion
Recursion is a process by which a function calls itself repeatedly, until some specified condition has been satisfied. A sample program that calculates factorials using Recursion process.

#include <stdio.h>

void main()

{

int i;

int n;

int factorial (int n);

printf ("Enter the number (n) = ");

scanf ("%d", &n);

printf ("Factorial of %d is %d",n, factorial (n));

}

int factorial (int n)

{


if (n<=1)


     return (1);


else


     return (n*factorial (n-1));

}

Library Functions:

A function is a self-contained block of statements that perform a coherent task of some kind. Every C program can be though of as a collection of these functions. Library functions are already defined in C header files. A library function is accessed simply by writing the function name, followed by a lit of arguments that represent information being passed to the function.  

Some Commonly Used Library Functions.

	Function
	Purpose
	Header File

	1.

2.

3.

4.

5.

6.

7.

8.
	abs(i) 

cos(x)

exp(x)

log(x)

pow(d1, d2)

sin(x)

sqrt(x)

tan(x)
	Returns the absolute value of i.

Returns the co-sine of x.

Raises to the power of x.

Returns the natural logarithm of x

Returns d1 raised to the d2 power.

Returns the sine of x.

Returns the square root of x.

Returns the tangent of x.
	<math.h>



	9.

10.

11.

12.

13.

14.

15.

16.

17.
	strrev(str)

strlen(str) 

strupr(str)

strlwr(str)

strcmp(str1, str2)

stcat(str1, str2)

toascii(c)

tolowr(c)

toupper(c)
	Returns the reverse of string str.

Returns the length of string str.

Converts all the character of str to uppercase.

Converts all the character of str to lowercase.

Compares the strings str1 and str2, and returns whether both are equal or not.

Concatenates the string str1 and str2.

Converts the value of argument of ASCII.

Converts letter to lowercase.

Converts letter to uppercase.


	<string.h>


Structure
Structure is a data structure, which is a collection of different types of data stored under one name. Thus, a single structure might contain integer elements, floating-point elements nad character elements. Pointers, arrays and other structures can also be included as elements within a structure. 

struct keyword

The struct keyword is used to create the blue-print of structure. The syntax of a struct blue-print is:

Syntax:

struct tag_name

{


<type> member1;


<type> member2;


----------


<type> member-n;

};

Example of a struct declaration

The following structure declaration specifies the template for a circle

struct circle

{


int x_cord;


int y_cord;


int radius;

};

Pointer

A pointer is a variable that represents the location (rather than the value) of a data item, such as a variable or an array element. Pointer has number of useful applications, such as pointers can be used to pass information back and forth between a function and its reference point. 

The syntax is as shown below.
type * variable name 
Example: 
int *ptr; 
float *string; 

The Address (&) and Indirection (*) Operator

The address of (&) operator returns the address of the memory location in which the variable is stored. The indirection (*) operator gets the value stored in the memory location whose address is stored in a pointer variable. 
OOPS (Object Oriented Programming System)

The fundamental idea of object-oriented languages is to combine into a single unit both data and the functions that operate on that data. Such a unit is called an object.
· Features of Object Oriented programming

· Problems are divided into objects. 

· It is not possible to access data freely.

· Data hiding is possible.

· It uses bottom-up programming technique.

· It is easy to add new data and function.

· Objects can exchange data through its function.

Elements (Basic Concepts) of Object-Oriented language
i) Object: An object is defined as an entity that contains data and its related function. These functions operate on that data. Objects can interact without having to know details of each other’s data or code. 

ii) Class: A class is defined as a collection of objects with same type of data and functions. The functions of the class should be defined. With the help of the class we can create number of objects of type class.

iii) Inheritance and reusability: Inheritance is defined as sharing of attributes (data) and functions among classes based on a hierarchical or sequential relationship. 
Similarly, once a class has been written and debugged, it can be distributed to different programmer for reuse, which is called reusability in object-oriented programming. 
iv) Polymorphism: Polymorphism is another important feature of object-oriented programming. The word polymorphism is derived from the Latin words ‘poly’ means ‘many’ and ‘morphos’ means ‘form’. A function is said to be polymorphic, if it is applied to many different classes with different operations.
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