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 C is a programming language developed at  

AT&T’s & Bell  Laboratories of USA in  
1972.  

 It was designed and written by Dennis 
Ritchie.  The C compiler  combines the 
capabilities of an Assembly language with 
the feature of a high -level language and 
therefore it is well  suited for writing both 
system software and business package.   

 C is the mid level language and it is  
initially there was a language called BCPL 
(Basic  Combined Programming 
Language), from which C was extracted.  
Further BCPL was renamed as lan guage B  
with updations.  

 Further some more modifications have 
done the language & a complete version of  
C was released in 1976.  'C'  was then used 
to implement the UNIX operating  system.  

 C is a general- purpose language,  which has been closely associated 
with the UNIX operating system.  

 Many of the important ideas of C stem from the language BCPL, developed by Martin 
Richards.  

 The influence of BCPL on C proceeded indirectly through the language B, which was 
written by Ken Thompson in 1970 at Bell Labs, for the first UNIX system on a DEC 
PDP-7.  

 
 

ALGOL 60 
Designed by an international committee,  1960  

| 
CPL 

(Combined Programming Language)  
Cambridge University 1963  

| 
BCPL 

(Basic  Combined Programming Language)  
Martin Richards, Cambridge University 1967  

| 
B 

Ken Thompson, Bell  Labs, 1970  
| 
C 

Dennis Ritchie, Bell  Labs, 1972  
 
 

History Of C Language: 
 

Dennis Ritchie 
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Every C program consists of  one or more functions, one of which must  be 
called main.  The program will  always begin by   executing the main 
function.  Additional function definitions may   precede or follow main().  
Hence we say that C is a function dependent language.  

 
  
  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Documentation section 
Linkage section/Preprocessor Directives  
Function Prototype Declaration Section  
Declare global variables 
Declare constants 
Define macros 
 
main( )  
{ 

 
Local variable declarations 
------/ /  
 
Main body of the program 
------/ /  

} 

function-1( )  
{ 

------  
} 
 
function-2( )  
{ 

------  
} 
 
…….  
 
function-n( )  
{ 

-------  

} 

Structure of a C Program 
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o Documentation section:  
It includes the comments.  Comments are non -executable statements 
meant for remarks, which is ignored by th e compiler at the time of  
compilation.  Usually a statement can be made as a comment when it is  
enclosed in between /* and */. These delimiters are used for single line  
commenting & multi line commenting.  However this section is not  
mandatory.  
 

o Link Secti on:  
Link section includes preprocessor directive statements like #include,    
# define, #i f.  These statements are used to provide directions to the 
complier. The statements in  the link section do not  get  complied rather  
they intimate directly to the compiler that include the specified header  
files like stdio.h & conio.h in the program before the actual processing  
gets started. This section is the most vital  section in every C program  

 
o Function Prototype declaration Section:  

This section also intimates the compiler  that the user is going to define 
the specified functions in the same program itself.  The declaration 
includes return type, function name & arguments type and order.  

 
o Global declaration section:  

It is  used to declare the global variables that can b e accessed through 
out the program in any function. These are also referred as external 
variables.  These variables should be declared outside all  the function  

 
o Void main():  

It is  the function that consists of the actual program body. It provides 
the necessary code to solve a particular  problem. It consists of variable 
declarations,  input/output statements, expressions and other function 
calls.  The entire C program is based on main() itself.  All  the statements 
of the program must be within {and}.  This secti on is needed for every C 
program. 

 
o Local variable declaration section:  

This section is also vital  for every C program. It allows the user to 
declare & define certain data items required for the program.  

 
Here  

1. 'C'  is very case sensitive. All  'C'  statements should be in lower case 
except user-defined expressions.  

2. Every statement in 'C'  must be terminated by a semicolon except 
the conditional statements like i f,  if -else,  switch, for, while and 
compile directive statements like #include, #define.  

3. Every statement must be included in {  and } of main().  
4. Every program must include at least one function called main()  
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o Sample C program:  
 /* sample Hello program */  
 #include<stdio.h> 
 #include<conio.h> 
 void main()  
 {  

   clrscr();  
   printf(“Hello!!  This is Ramu !”);  

  getch();  
 }   
 
 
 
C Language provides many built-in functions that help in problem solving .  
Certain characteristics features of  C are:  

 
o Simplicity 

Keeping things as simple as possible usually enhances the clarity 
and accuracy of a program consists wit h the overall  program 
objectives.  

 
o Flexibility  

C is a powerful, flexible language that provides fast program 
execution and imposes few constraints on the programmer.  
 

o Extendibility  
C- Language has an important facility called extendibility. It  means 
you can write your own file or functions and include in other  
programs.  

 
o Portable  

'C'  is  highly portable and programs written for one computer can be 
run on another with slight changes or no change.  

 
o Clarity  

This refers to the overall  readability of  a program. If a program is 
clearly written, it  should be possible for another programmer to  
follow the programming logic.  
 

o Modularity:  
Sections of code can be stored in libraries for re -use in future 
programs. This concept of modularity also helps with C's portability  
and execution speed.  

 
o Robustness:  

'C'  is a robust programming language and possesses a rich set of  
built in functions and data types which come handy for programming 
at large. Thus 'C' is suitable for developing system software and 
general applications.  

Features of C Language  
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o Compatibility  
'C'  is compatible with any low level programming language because 
it permits close interactions with internals of the computer. It  has 
the capabilities that enable the users to get  closer to the hardware 
and deal with the computer on a much  lower level.  

 
 
 
 
Character set means that the characters and symbols that can be used in a 
C program. They are grouped to form the commands, expressions and 
other tokens for C language.   In other words Character  set  is the  
combination of characters, dig its, special  characters and blank spaces.    

 
C language uses  

 
Alphabets   :   upper case letters A to Z  

Lower case letters a to z  
Digits    :  0 to 9 
Special  Characters  : {,} ,  # , :  , ; ,&,? Etc.,  

 
 
 
 
 The smallest individual units in a program are known as token s .C  

provides a rich set of  tokens and the list  as follows: 
 

 Keywords 
 Identi fiers or Data names  
 Literals  
 Data types 
 Operators  
 Variables  
 Constants  

 
 
 
 
 There are certain reserved words, called keywords that have 

standard,  predefined meanings in C.   
 Every “C”  word is classified as either a keyword or an identi fier.  
 These keywords are to be used for their intended purpose only in a 

C program.  
 All  the keywords have fixed meanings and these meanings cannot be 

changed.  
 Keywords serve as basic building blocks fo r program statements. All  

keywords must be written in lower case.   
 There are 32 keywords in “C” language.  

C  TOKENS  

C Character Set  

Keywords   
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 Some compilers may use additional keywords that must be identified 
from the “C” manual.  

 
auto      double    int  struct 
break  else            long            switch 
case            enum           register     typedef  
char           extern          return         union 
const           float            short          unsigned  
continue     for              signed        void 
default         goto            sizeof         volatile  
do                if                  static          while 

 
 
 
 

 Identi fiers refer to the names of variables, functions and arrays  used to 
identify data and other objects in  a program.   
 

 Rules f or identifier names:  
o Keywords cannot be used as identifiers  
o An identifier name cannot start with a digit  
o It cannot include special  characters other than underscore (_)  
o Identi fiers can be reasonable length and should not exceed 31 

characters.  
o Both upper case and lower case letters are permitted, although 

lower case letters are commonly used. The under score character  
(_) can also be included.  

o No blank spaces are allowed in  the identi fier name  
o Upper and lower case letters are not inter changeable (i .e. an 

upper case letter is not equivalent t o the corresponding lower  
case letter) 

  
o Valid Identifiers      Invalid Identifiers   
  A, B, stno, tax_rate etc.,            4 t h ,  total  sum    

 
 
 
 
 A constant is an identifier whose value can never be changed during the program 

execution.  
 These fixed values are also called literals.  

 
 Constants can be of any of the basic data types like an  

o Integer constant 
o Real constant 
o Character constant 
o String literal. 

 
 

Identifiers  

Constants  



Ram’s  PROGRAMMING FOR PROBLEM SOLVING USING C   

G. Ramanjaiah.,AMIETE, M.Tech, (Ph.D) Assoc. Prof, Dept. Of CSE, Chebrolu Engg. College , Guntur 29 

 Integer Constants 
o An integer constant must have at least one digit. 
o It must not have a decimal point. 
o It can be either positive or negative. 
o No commas or blanks are allowed within an integer constant. 
o The allowable range for integer constants is -32768 to 32767. 
o Ex.   1,  743,- 52, 80 

 
 Real Constants: 

o Real constants are often called Floating Point constants.  
o The real constants could be written in two forms— Fractional form 

and Exponential form. 
o Following rules must be observed while constructing real constants 

expressed in fractional form: 
 It could be either positive or negative. 
 Default sign is positive. 
 No commas or blanks are allowed within a real constant.  

o Ex.: +325.34 , 426.0 , -32.76 , -48.5792 
 
 Character constants:- 

o A character constant is a single alphabet, a single digit or a single 
special symbol enclosed within single inverted commas. Both the 
inverted commas should point to the left. 

o The maximum length of a character constant can be 1 character.  
o Ex.:  'A', 'X', '3', '$' 
 

 
 String Constants: 

o  A string consists of any number of consecutive characters enclosed in    
double quotations. 

o Ex:    "ramu", “CEC”,”Guntur”. 
 
 
 
 
 
 
 A variable is an identifier that is used to represent some specified type of 

information. 
 A variable is defined as a meaningful name given to the data storage location in 

the computer memory. 
 A variable value can be allowed to change during the execution of a program. 
 Variables may be numeric or character type. Numeric variables can be used to 

store either integer values or floating type values. Character variables can be used 
to store any character from character set given within single quotes.  

 A variable to be used in a program must be declared. To declare a variable, the  
following syntax must be followed: 

datatype variable_name; 
              

Variable  
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 Example: 
o int a, b, c; 
o char d;  a=3; b=4; d = 'a'; 

 All variables must be declared before they can appear in executable statements.                  
int a, b, c; float root1, root2; 

               char flag;     
 
 While declaring a variable you can also initialize them with some value. 

int sno=12; 
char grade=’a’; 
float cgpa; 

 
 
 
 

 C supports several different types of data, each of which may be represented 
differently within the computer's memory.  

 A data type is a C token that tells about the type of data being assigned to an 
identifier. 

 Data types are used to specify two things to the compiler: 
o How much memory has to be allocated for an identifier to store the data 
o What type of data item has been stored in an identifier 

 C supports a rich set of data types.  
 The category follows: 

o Basic Data types  
o Derived Data Types  
o User Defined Data Types   

 
 

 
 
 
 
 
 

Data Types  
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Following is the list of data types in C: 
 

 
 
 Integer data type: 

o Integer data type allows a variable to store numeric values. 
o “int” keyword is used to refer integer data type. 
o The storage size of integer data type is 2 or 4 or 8 byte. 
o It varies depend upon the processor in the CPU that we use. If we are using 

16 bit processor, 2 byte (16 bit) of memory will be allocated for int data type. 
o Likewise, 4 byte (32 bit) of memory for 32 bit processor and 8 byte (64 bit) of 

memory for 64 bit processor is allocated for int datatype. 
o int (2 byte) can store values from -32,768 to +32,767  
o int (4 byte) can store values from -2,147,483,648 to +2,147,483,647. 
  

 Character data type: 
o Character data type allows a variable to store only one character. 
o Storage size of character data type is 1 byte. We can store only one character 

using character data type. 
o “char” keyword is used to refer character data type. 
o For example, ‘A’ can be stored using char data type. You can’t store more than 

one character using char data type. 
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 Floating point data type: 
o Floating point data type consists of 2 types. They are, 
o Float 

o Float data type allows a variable to store decimal values. 
o Storage size of float data type is 4 bytes. This also varies depend upon the 

processor in the CPU as “int” data type. 
o We can use up-to 6 digits after decimal using float data type. 
o For example, 10.456789 can be stored in a variable using float data type. 

o Double: 
o Double data type is also same as float data type which allows up-to 10 

digits after decimal. 
o Storage size of float data type is 8 bytes. 

 
 
 Derived Data Types 

The data-types that are derived from the primitive or built-in data types are referred 
to as Derived Data Types. These can be are: 

1. Function 
2. Array 
3. Pointers 

 
 User Defined Data Types 

User Defined data types are those, defined according to the application needs of the 
user. These include: Structure, Union and Enumerated type 

 
 
 
 
 
 Usually the input is given & output is viewed on the screen with the help of input & 

output functions in C.  
 In C language input and output functions are classified into two categories: 

 Formatted I/O 
 Unformatted I/O 

 
 Formatted I/O Functions 

C language supports two formatting functions printf ( ) and scanf ( ). 
 

o Output statement:  
The printf ( ) function is used to display the information required by 
the user and also prints the values of the variables. 
 
The syntax of the printf ( ) function : 

printf (“CONTROL STRING”, Variables list); 
This function accepts two arguments or parameters – control string 
and variable list, where variable list is list of variables to be 
displayed and these are displayed as formatted in the control string. 
Control string may also contain text, captions, identifiers or any 
other text that is to be readable. 

Input and Output Statements in C  
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o Input statement:  
The function scanf ( ) is used to read the data from the keyboard. 
This function takes the text from keyboards and formats the data 
according to the format specified in the control string and then 
stores the data in the variables.  
The syntax of the scanf ( ) function 

scanf (“Control string”, &arg1, &arg2, ……, argN); 
 
The control string specified the type and format of the data that has 
to be obtained from the keyboard and stored in the memory 
locations pointed by the arguments arg1, arg2, arg3,….., argN. 
Arguments are nothing but the variables used in the program. 

 
o The standard or regularly used I/O functions are: 

   printf () – sends formatted output to stdout or console 
   scanf() – accepts formatted input from stdin or keyboard. 

 
o  Ex: 
   printf(“Ramu”); 
   printf(“welcomes you all ”); 
   int a=34; 
   float b = 11.23; 
   char c= ‘z’; 
   printf(“%d%f%c”,a,b,c); 
   int a; float b; char c; 
   scanf(“%d%f%c”, &a, &b, &c); 

 
 

 Unformatted I/O 
 
 

getche(): 
This function enables to accept a single character to be displayed on to the 
screen and will be taken as input.  This function allows only single character 
to be type and that character will be echoed on the screen.   
Syntax:    Variable_name=  Getche() 
 
getch(): 
This function is used to accept a character with out echoing at on the screen.   
Syntax:    Variable_name = getch() 
 
gets(): 
This function is used to scan a string into a character array. This accepts 
special characters, spaces etc., To specify the end of the string an return key is 
used. 
Syntax:gets(character array name)           
 Ex:   char a[30];   gets(a); 
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puts(): 
This function is used to place a string on to the screen at cursor located 
position.  This function displays all special characters on the screen. 
Syntax:  puts(array name)        
Ex:  char a[30]={"rama rao"}  puts(a); 
 
getc(): 
This is used to accept a character from a stream. There are two kinds of 
streams available namely  1)Standard   2)Secondary stream  
Standard stream is standard input and output device named as stdin,stdout 
respectively.  There are several secondary streams like Files, Printer etc., Getc 
function can be used to take input of the character from a standard input 
device that is keyboard named as stdin or from a file using file pointers. 
Syntax: Variable name =getc(stdin) 
 
putc(): 
It is used to place a character on to the screen (Standard output device) 
represented as stdout or a file printer. 
Syntax: putc(variable,stdout); 
 

o Escape Sequences 
o An escape sequence in C language is a sequence of characters that doesn't 

represent itself when used inside string literal or character. 
o It is composed of two or more characters starting with backslash \.  
o In order to customize output of a program C provides a special character set. 

Such special characters are known to be escape sequences. 

EEssccaappee  SSeeqquueennccee  Description 

\n New line character 

\t To provide tab space 

\a To get Bell sound 

\\ Single \ 

%% Single % 

\b Backspace 

\v Vertical tab 

o Example Program 
void main( ) 
{   

 int number=10;  
 printf("You\n are \n learning\n \' c \' language\n");  

  } 
  Output: 
  You  
  are 
  learining  
 
 
 
  ‘c’ lanaguge 
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 A scope in any programming is a region of the program where a defined variable can 

have its existence and beyond that variable it cannot be accessed.  
 There are three places where variables can be declared in C programming language. 

1. Inside a function or a block which is called local variables. 
2. Outside of all functions which is called global variables. 
3. In the definition of function parameters which are called formal parameters. 

 
 Local Variables: 

Variables that are declared inside a function or block are called local variables. 
They can be used only by statements that are inside that function or block of 
code. Local variables are not known to functions outside their own. 

 
 
 Global Variables: 

Global variables are defined outside a function, usually on top of the program. 
Global variables hold their values throughout the lifetime (till the completion of 
program execution) of your program and they can be accessed inside any of the 
functions defined for the program. A global variable can be accessed by any 
function. 

 
 Examples Program  

# include <stdio.h> 
# include<conio.h> 
int a=100; /* gloabal variable */ 
void  myfun(void); 
int main()  
{ 

int a=200;  /* local to main */ 
int b=300; /* local to main */ 
clrscr(); 
printf("\n In main() a=%d, b=%d",a,b);  
myfun(); 
printf("\n In main() after calling fun()  : b=%d",b);  
return 0; 

}  
void myfun(void) 
{ 

int b=400; /*local to myfun*/ 
printf("\n In myfun()  a= %d\n", a); 
printf("\n In myfun()  b= %d\n", b); 

} 
Output: 
In main() a=200, b=300 
 In myfun()  a= 100 
 In myfun()  b= 400 
 In main() after calling fun()  : b=300 

 

Scope   
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 Every variable and functions in C is associated with a data type.   
 In addition to the data type, C associated a storage class with variables and 

functions.  
 Storage class is pertaining to the storage of the variable.   
 Storage Classes are used to describe about the features of a variable/function. 
  These features basically include the scope (visibility), default value, storage area 

and life-time which help us to trace the existence of a particular variable during 
the runtime of a program. 

 The scope and lifetime of objects are determined by storage class specifications. 
There are four types of storage classes. 

 Auto 
 Register storage class 
 Static  
 Extern 

 Auto variables: 
 Auto is the default storage class to be used within a program or file. For ex: 
   int x; (or) auto int x; 
 Here, The 'auto' keyword declares the storage specifier for the variable x is 

automatic.  
 Auto variables can be only accessed within the block/function they are declared. 
 These variables are created automatically upon entering the block in which they 

are declared and killed automatically upon exit from the block 
 They are assigned a garbage value by default whenever they are created. 
 Example program  - Auto variables 

void main() 
{ 
 auto a=1; 
 { 
  auto a=2; 
  { 
   auto a=3; 
   printf(“%d \t”,a); 
  } 
  printf(“%d\t”,a);  

} 
 printf(“%d\t”,a); 
} 
 
Output: 3  2  1 

 
 Static variables 
 The static variables are defined within a function. They have the same scope of the 

rules of the automatic variables, but in the case of static variables the contents of the 
variables will be retained thought the program.  

Storage Classes 
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 Static is a keyword used to define the storage class as static.  In the absence of any 
initialization, static variables are initialized to zero. 

 Like automatic variables, static variables are also local to the function. When they 
are declared.  

 Example Program 
# include<stdio.h> 
# include<conio.h> 
void myfun() 
{ 

static int a=100; 
printf(“\n a=%d”,a); 
a++; 

} 
void main() 
{ 

clrscr(); 
myfun(); 
myfun(); 
myfun(); 

       } 
Output: 

a=100 
a=101 
a=102 

 
 External variables 

 The variables that are declared before the function main() are globally existing 
for all the functions inside the program. These variables are called global 
variables.  

 A variable declared with extern storage class has file scope that have the 
properties of the static storage class.  

 External variables are generally declared with the global scope. 
 The extern storage class does not create a variable. It only informs the compiler 

of its existence and so the extern declaration cannot include any initialization.  
    extern int i; 

 #include<stdio.h> 
int a; 
int main( ) 
{ 
 
} 
#include<stdio.h> 
 #include “ram.c”  
extern int a; 
int main ( ) 
{ 

  
              } 
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 Register variables: 
 The keyword register is used to specify the storage class of the variables.  
 All the computers have a few memory locations on the microprocessor. These 

memory locations are known as registers. 
 Storage and retrieval of data from a register can be done by a program much 

faster than from a location in the main memory of the computer. 
 The register specification is quite useful when a particular value is frequently 

required, for example, index variables. Otherwise it is stored in the RAM with the 
default storage class. 

register int a; 
 The scope of this storage class variable is local to the block in which they are 

declared 
 They are assigned a garbage value by default whenever they are declared. 

 
 Example Program  

void sum() 
{ 

register int a = 100; 
printf(“a=%d”,a);  
a++; 

} 
void main() 
{ 

myfun(); 
myfun(); 
myfun(); 

 
} 
 
Output: 
a=100 a=101 a=102 

Summary of Storage Classes: 
 

Storage 
Class 

Storage Initial Value Scope Life 

Auto Stack Garbage Local End of Block 

Register CPU Register Garbage Local End of Block 

Static Data Segment Zero Local or Global Till the program ends 

Extern Data Segment Zero Global Till the program ends 
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 In C programming language, type qualifiers are the keywords that can be prefixed to 

variables to change their accessibility i.e. we can say type qualifiers are used to 
change the properties of variables. 
 

 Types of type qualifiers 
 

 There are two type Qualifiers variable in C programming language. 
o const qualifier 
o volatile qualifier 

 
 Const Qualifier: 

 
o The const qualifier is used to declare a variable to be read-only (constant), 

its value may not be changed, and it can be declared by using const 
keyword. It helps to prevent accidental change of the values. 

o To declare a constant, include the const keyword before or after the data 
type. 
 

o Syntax to declare a constant : 
const data_type constant_name = value;   (OR) 
data_type const constant_name = value; 

 

o Example: 
int main() 
{ 

const float pi = 
3.14f; 
printf("\n PI Value is  = %f", pi);  
return 0; 

       }  
      Output: 

PI  = 3.140000 
 

 Volatile Qualifier: 
 
o The volatile qualifier is used to declare a variable that can be changed 

explicitly i.e. it tells the compiler that the variable's value may change at 
any time.  

o So that the complier determines whether to optimize the code or not. 
o To declare a volatile variable, include the volatile keyword before or after 

the data type. 
 

o Syntax to declare a volatile variable:, 
volatile data_type variable_name; (OR) 
data_type volatile variable_name; 

 
 

Type Qualifiers  
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o Example Program: 
int x = 0; 
volatile int y = 0; 

  
int main() 
{ 

 
y=0; 
if (x == 0) 

printf("x is zero\n"); 
 else 

printf("x is not zero\n"); 
 

if (y == 0) 
printf("y is zero\n"); 

  else 
printf("y is not zero\n"); 

return 0; 
} 
 
Output: 

x is zero 
y is zero 
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AAnn  ooppeerraattoorr  iiss  aa  ssyymmbbooll  tthhaatt  ppeerrffoorrmmss  aann  ooppeerraattiioonn  oovveerr  oonnee  oorr  mmoorree  ooppeerraannddss..  CC  ssuuppppoorrttss  aa  
rriicchh  sseett  ooff  ooppeerraattoorrss..    

OPERAND: 
The data items that operators act upon are called operands. 
TThhee  ffoolllloowwiinngg  iiss  tthhee  ccaatteeggoorryy  ooff  ooppeerraattoorrss::  

11..  UUnnaarryy  ooppeerraattoorr  
22..  BBiinnaarryy  ooppeerraattoorr  
33..  TTeerrnnaarryy  ooppeerraattoorr  

UUnnaarryy  ooppeerraattoorrss  ppeerrffoorrmm  ooppeerraattiioonn  oonn  ssiinnggllee  ooppeerraanndd..  EExx::  ++++,,  ----,,  !!  aanndd  --  
BBiinnaarryy  ooppeerraattoorrss  ppeerrffoorrmm  ooppeerraattiioonn  oonn  ttwwoo  ooppeerraannddss..  EExx::  ++,,  --,,  **,,  //,,  %%,,  <<,,  >>,,  ====,,  !!==  eettcc..,,  
TTeerrnnaarryy  ooppeerraattoorr  ppeerrffoorrmmss  ooppeerraattiioonn  oonn  tthhrreeee  ooppeerraannddss..  EExx::  ??::  
 

o TYPES OF OPERATORS 
C operators can be classified into a number of categories they include 

o Arithmetic Operators 
o Relational Operators 
o Logical Operators 
o Assignment Operators 
o Increment (or) Decrement Operators 
o Conditional Operators 
o Bit wise Operators 
o Special Operators 

 
o ARITHMETIC OPERATORS: 

AArriitthhmmeettiicc  ooppeerraattoorrss  ppeerrffoorrmm  aallll  aarriitthhmmeettiicc  ooppeerraattiioonnss  lliikkee  aaddddiittiioonn,,  ssuubbttrraaccttiioonn,,  
mmuullttiipplliiccaattiioonn  &&  ddiivviissiioonn..    

OPERATOR             PURPOSE 
+   Addition 
   Subtraction 
*   Multiplication 
/   Division 
%   Remainder after integer division 
 

The operator “%” is sometimes suffered to as the module operator. 
 

#include <stdio.h> 

main() 
{ 

int num1, num2; 

printf("\nEnter First Number :");  

scanf("%d",&num1);  
printf("\nEnter Second Number :");  

scanf("%d",&num2); 

printf("\n Addition is : %d", num1+num2);  

printf("\n Subtraction is : %d", num1 - num2);  

printf("\n Multiplication is : %d", num1 * num2);  

printf("\n Division is : %d", num1 / num2);  

printf("\n Modulus is : %d", num1 % num2); 
} 

 
 

WHAT IS AN OPERATOR? EXPLAIN DIFFERENT TYPES OF OPERATORS 
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o RELATIONAL OPERATORS: 
Relational operators are used to perform evaluations on expressions.  
 

OPERATOR   MEANING 
<    Is less than 
<=    Is less than or equal to  
>    Is greater than 
>=    Is greater than or equal to 
=     Is equal to   
! =    Is not equal to 

 
#include<stdio.h>  

main() 

{ 

int num1 = 10;  

int num2 = 50; 
printf("Value of %d > %d is %d",num1,num2,num1> num2);  

printf("Value of %d >=%d is %d",num1,num2,num1>=num2);  

printf("Value of %d <=%d is %d",num1,num2,num1<=num2);  
printf("Value of %d < %d is %d",num1,num2,num1< num2);  

printf("Value of %d == %d is %d",num1,num2,num1== num2);  

printf("Value of %d != %d is %d",num1,num2,num1!= num2); 

} 

 LOGICAL OPERATORS: 
Logical operators are to evaluate more than one condition or expression. Regularly used 
logical operators are: and (&&), or (||) , not (!). 
 

    OPERATION    MEANING 
&&   Logical AND 
||   Logical OR 
!   Logical NOT 

The logical operators && and || are used when we want to test more than one condition and 
make decisions. 

#include<stdio.h>  

void main() 
{ 

int a=5,b=3,c=8; 

printf(“Value 1 is:%d”,a>b || a==c);  

printf(“Value 2 is:%d”,a>b && a==c);  
printf(“Value 3 is:%d”,!(a<=c)); 

} 

 
 INCREMENT AND DECREMENT OPERATORS: 

A special set of operators exclusive to C is increment/decrement operators. The operators 
are ++, --. They are unary operators. 
 
 Ex:   int a = 5; 
   a++;  // post- increment 
     ++a;  // pre-increment. 
   a--;   // post-decrement. 
   --a;  // pre-decrement 
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 In post incrementation, value is assigned first, then incremented. 
 In pre incrementation, value is incremented first then assigned. 
 In post decrementation, value is assigned first, then decremented. 
 In pre decrementation, value is decremented first then assigned. 

 

#include<stdio.h> 

void  main() 

{ 

int a,b,x=10,y=10;  

a = x++; 
b = ++y; 

printf("Value of a : %d",a);  

printf("Value of b : %d",b); 
} 

 
 
 CONDITIONAL OPERATOR 

It is also known as ternary operator. It is used as an alternative to if..else control 
structure/statement. The symbol for the operator is  ‘ ?:’. An expression that makes use of 
the conditional operator is called a conditional expression. Such an expression can be 
written in place of the if-else statement.   
 
A conditional expression is written in the form. 
  

expression1? expression2 : expression 3 
 
When evaluating a conditional expression, expression1 is evaluated 1st if expression 1 is 
true then expression 2 is evaluated and this becomes the value of the conditional 
expression. However if expression 1st is false then expression 3 is evaluated and this 
becomes the value of the conditional expression. Only one of the expressions (either expr2 
or expr3) is evaluated when determining the value  of a conditional expression. 

 
 ASSIGNMENT OPERATORS 

AAssssiiggnnmmeenntt  ooppeerraattoorrss  aarree  uusseedd  iinn  eexxpprreessssiioonnss..  TThhee  ooppeerraattoorrss  aarree  ==,,  ++==,,  --==,,  **==,,  //==..  
Assignment operators are used to assign the result of an expression to a variable. The most 
commonly used assignment operator is “=”.  
 
Assignment expressions that make use of this operator are written in the form 
 
   Identifier = Expression 
 
Where identifier generally represents a variable and expression represents a constant 
variable (or) a more complex expression. 
 

o EQUALITY OPERATORS:  
Equality operators are used to check whether two different entities are equal or not. Usually 
numeric data & single character data may be evaluated using equality operators. The 
operators are equal to (==) and not equal to (! =).  

 
 EXPRESSIONS 

An expression represent a single data item such as a number or a character. The expression 
may consist of a single entity such as a constant, a variable, an array element or a reference 
to a function. It may also consist of some combination of such entities integer connected by 
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one (or) more operators. The use of expressions involving operators is particularly common 
in “C” as in most other programming languages. 

 
Expressions can also represent logical conditions that are either true (or) false. In “C” the 
conditions true and false are represented by the integer values 1 and 0 respectively. Hence 
logical type expressions really represent numerical quantities. 

 
 BITWISE OPERATORS 

Bit-wise operators perform low-level operation on elementary data items. These operators 
are used for testing the bits, or shifting them right or left.  Bitwise operators may not be 
applied to float or double.   
 
The operators are:  

 Bitwise left shift (<<) 
 Bitwise right shift (>>) 
 Bitwise AND (&) 
 Bitwise OR(|) 
 Complement (~) 
 Bitwise Exclusive OR (^).         

 
 

#include <stdio.h>  
main() 

{ 

unsigned int a = 60; /* 60 = 0011 1100 */ 
unsigned int b = 13; /* 13 = 0000 1101 */  

int c = 0; 

c = a & b;    /* 12 = 0000 1100 */ 

 printf("Line 1 - Value of c is %d\n", c ); c = a | b; /* 61 = 0011 1101 */ 
printf("Line 2 - Value of c is %d\n", c ); c = a ^ b; /* 49 = 0011 0001 */ 

printf("Line 3 - Value of c is %d\n", c ); c = ~a; /*-61 = 1100 0011 */ printf("Line 4 

- Value of c is %d\n", c ); c = a << 2; /* 240 = 1111 0000 */ 

printf("Line 5 - Value of c is %d\n", c ); c = a >> 2; /* 15 = 0000 1111 */ 
printf("Line 6 - Value of c is %d\n", c ); 

} 

 
 Special Operators 

C supports some special operators of interest such as comma operator, size of operator, 
pointer operators (& and *) and member selection operators (. and ->).   
 

Comma operator: 
We can combine multiple expressions in a single expression using the comma operator. 
 
#include<stdio.h> 
main() 
{ 

int i,k; 
k = (i = 4, j = 5); 
printf("k = %d",k); 

} 
Output: k = 5 
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Pointer Operators:  
Pointer operators are & (address of operator) and * (indirection operator). They are 
used to handle memory addresses and the values at that addresses. 

 
Sizeof operator:  
In order to obtain the no. of bytes occupied by an object in a program, use ‘sizeof’ 
operator. 

 
 
 
 
Simple conditional operations can be carried out with the conditional operator(?:). An 
expression that makes use of the conditional operator is called a conditional expression. Such an 
expression can be written in place of the if-else statement. A conditional expression is written in 
the form. 

 Expression1 ? expression2 : expression 3 
 
 When evaluating a conditional expression, expression1 is evaluated 1st if expression 1 is 
true then expression 2 is evaluated and this becomes the value of the conditional 
expression. However if expression 1st is false then expression 3 is evaluated and this 
becomes the value of the conditional expression. Only one of the expressions (either expr2 
or expr3) is evaluated when determining the value  of a conditional expression. 

 
CONDITIONAL OPERATOR 
The operator ?: is the conditional operator. It is used as 
variable 1 = expression 1 ? expression 2 : expression 3. 
Here expression 1 is a logical expression and expression 2 and expression 3 are 
expressions having numerical values. If expression 1 is true, value of expression 2 
is assigned to variable 1 and otherwise expression3 is assigned. 
Example : 
int a,b,c,d,e 
a=3;b=5;c=8; 
d=(a<b)? a : b; 
e=(b>c) ? 

 
 
 

When you program declare a variable, the C compiler allocates memory to store the variable’s 
value. When you write programs that perform file input/output operations or allocate memory 
for dynamic lists, it is often convenient to know the amount of memory your program has 
allocated for a specific variable. C’s sizeof operator returns the number of bytes a variable or 
type requires. The following program illustrates the use of size of operator. 
 
# include<stdio.h> 
void main( ) 
{ 
printf(“variable of type int use %d bytes \n”, size(int); 
printf(“variable of type float use %d bytes \n”,sizeof (float); 
printf(“variable of type double use %d bytes\n”, sizeof (double)); 
printf(“variable of type unsigned use %d bytes \n”, sizeof (unsigned)); 
printf(“variable of type long use %d bytes \n”, sizeof(long))); 
} 

 
 

CONDITIONAL OPERATOR 
 

SIZEOF  OPERATOR 
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A control structure or a control statement is a statement that controls program execution.  A 
control structure is a control flow statement that allows you to alter the sequential flow 
 
 Control flow statements fall into three categories: 

1. Conditional branching (or) Decision Making or Non-iterative 
2. Looping or iterative or repetitive 
3. Unconditional branching. 

 
CONDITIONAL BRANCHING (OR) DECISION MAKING: 

 
Conditional branching is the most basic control feature of any programming language.  It 
enables a program to make decisions, to decide whether or not to execute a statement or a block 
of statements based on the value of an expression.  The expression may result in either true or 
false value. Since the value of the expression may vary from one execution to another, this 
feature allows a program to react dynamically to different data.   
C supports various types of conditional branching statements. The following categories 
illustrate several conditional control structures. 

 Simple if 
 if ..else 
 else if ladder 
 Nested if 
 Switch 

 
DECISION MAKING WITH SIMPLE IF STATEMENT: 
 
Simple if: 
Simple if statement executes a statement if a given condition or expression results in true value.  
 
Syntax:  If (condition/expression) 

  Statement; 
 

In this statement   the given condition is tested first and responds accordingly. If the result of 
expression is true then the given statement is executed. If the result is false the statement 
cannot be executed. 
When multiple statements are to be executed using if control structure then it may be referred 
as compound if. 
 
Syntax:  If (expression) 

  { 
    statement-block; 
   }  
   statement-x; 
 
The statement-block may be a single statement or a group of statements. If the expression is 
true statement-block will be executed, otherwise the statement-block will be skipped and the 
execution will jump to the statement-x. 
 
 
 
 

CONTROL STRUCTURES 
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Program to f ind biggest of  two numbers.  

main()  
{  
 int  a, b;  
 printf("\n\t  Enter A value   :  ") ;  
 scanf("%d", &a);  
 printf("\n\t  Enter B value   :  ") ;  
 scanf("%d", &b);  
 i f  (a>b)  
  printf("\n %d is  Greater  than %d" , a , b);  
 i f  (b>a)  
  printf("\n %d is  Greater  than %d" , b , a);  
}  
 

DECISION MAKING WITH IF – ELSE STATEMENT: 
The if..else control structure consists two different types of statements that are executed or 
enabled based on the trueness & falsity 
of the given condition. The general form 
follows: 
 
Syntax : 
 if (expression) 
  statement-x; 
 else 
  statement-y ; 
 
Here the expression is evaluated; if the 
result of the expression is a true then 
statement-x is executed otherwise 
statement-y will be executed. 
 
Program to check whet her given  
number is  even or odd  
 
main()  
{  
 int  n;  
 printf("\n Enter a number..:") ;  
 scanf("%d",&n);  
 i f  (n%2==0)  
    printf("\n Given  number  is  even"):  
 else  
   printf("\n Given  number  is  odd"):  
 getch();  
}  
 
DECISION MAKING WITH ELSE.. IF LADDER:   
 
The if . .else  ladder consists of  more number of conditions to be evaluated. In  
other words, i f  more n umber of conditional statements are to be tested, one 
should use if . .els e ladder.  
 
 

True 

Entry 

Expression 

Statement x Statement y 

False 

Flowchart 
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Syntax: 

If  <condition1>  
 {  
  --- ---  
 }  
 else  i f  <condition2>  
 {  
  --- ---  True block 1  
 }  
 else   
 {  
  --- ---  Fals e block  
 }  
In this , condition1 is  checked and if  it  is  true then its  corresponding condition 
is  executed. If  the condition is  false then next  condition is  verified. If  al l the  
given conditions are false then false block is  executed. On ly one of  all t he 
available blocks gets executed. After the execution of any on e of the blocks,  
control  is  transferred to next  statement aft er the construct .  
 
Program to f ind biggest of  three numbers  
void main()  
{  

int  a,b,c;  
clrscr();  
printf(“enter three numbers:”);  
scanf(“%d%d%d”,&a,&b,&c);  
i f(a>b)  

if(a>c)  
  printf(“%d is  big”,a);  
 else  

 printf(“%d is  big”,c);  
else  i f(b>c)  

printf(“%d is  big”,b); 
else  

printf(“%d is  big “,c);  
}  

 
DECISION MAKING WITH NESTED IF: 
A nested if control structure consists of multiple if statements in one another. Here each if 
statement consists of subsequent branching statement.  Literally a nested if consists of one if 
statement in another if statement. It is used when multiple conditions are to be evaluated.  
Syntax: 

if(expression) 
{ 

if(expression) 
{ 

if(expression) 
{  

  --- 
--- 

   } 
  } 
 } 
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Here evaluations of expressions or conditions are based on the first condition. If the first 
condition itself is false, then there is no way of evaluating other conditions. At any level of 
expression the program control may be altered.  
Program Biggest of 3 numbers using nested if  
main()  
{  
 int  a,b,c,big;  
 printf("\n Enter the value of a  :    ") ;  
 scanf("%d",&a);  
 printf("\n Enter the value of b   :    ") ;  
 scanf("%d",&b);  
 printf("\n Enter the value of c  :    ") ;  
 scanf("%d",&c);  
 i f  (a>b)  
  i f  (a>c)  
   big = a;  
  else  
   big = c ;  
 else  
  i f  (b>c)  
   big = b;  
  else  
   big = c ;  
 printf("\nBiggest  of three numbers is:%d",big);  
}  
 
Multiway Selection - SWITCH STATEMENT:  
The switch statement allows the user to specify an unlimited number of execution paths based 
on the value of a single expression. Each execution path is referred as a case.  This is a multiple 
or multiway branching decision making statement. However, all the cases should be unique.   
Each case must be terminated by a ‘break’ statement. The ‘default’ case is not mandatory.   
In a switch statement, there are four different keywords to be used: 

 switch 
 case 
 break 
 default 

Though the switch control structure enables the user to improve clarity of the program, it 
causes more errors. So, it requires more attention while implementation.  
Syntax:               
            switch(expression) 
                       { 
                       case  value1:  

statement; 
                                    break; 

                       case  value2:  
statement; 

              break; 
-- 

                        default :  
statement; 

                       } 
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Among all the cases, only one case can be executed successfully because each case is terminated 
by a ‘break’ statement. 

printf(“Enter day value”); 
  scanf(“%d”,&day); 

 switch(day) 
  { 

   case 1: 
    printf(“Sunday”);break; 
   case 2: 
    printf(“monday”);break; 
   case 3: 
    printf(“tueday”);break; 
   case 4: 
    printf(“wednesday”);break; 
   case 5: 
    printf(“thursday”);break; 
   case 6: 
    printf(“friday”);break; 
   case 7: 
    printf(“Saturday”);break; 
  default: 
   printf(“Illegal choice”); 

  } 
Points on Switch: 

o Switch can be used to test only equality of expression. 
o No two cases should have identical values. 
o Default case is optional. 
o Every case should be terminated by break statement. 
o A switch statement may include another switch statement. 

 
Program to accept two integer values and perform arithmetic operation by getting the user 
input.(1) Addition(2) Subtraction(3) Multiplication(4) Division. (5) Exit ). 
 
main() 
{ 
 int a, b, c, ch; 
 clrscr(); 
 printf("\n\t\t\t Enter two numbers : "); 
 scanf("%d %d", &a, &b); 

 printf(“Enter your choice:”)l 
printf(“1)Addition\n2)Subtraction”); 
printf(“\n3)Multiplication”); 
printf(“\n4) Division. \n5) Exit”). 
scanf(“%d”&ch); 

 switch (ch) 
 { 

 case 1: 
  c = a + b; 
  break; 
 case 2: 
  c = a - b; 
  break; 
 case 3: 
  c = a * b; 
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  break; 
 case 4: 
  c = a / b; 
  break; 
 default : 
  printf("\n Invalid option  "); 
  exit(0); 
} 

 printf("\n\t\t\t Result   :%d",c); 
} 

 
LOOPING STRUCTURES 

 
Sometimes, in a program, a statement or a block of statements need to be executed repeated 
number of times. Looping control statement allows a statement or a set of/ block of statement 
to be executed for repetitive number of times by checking a condition. In other words, as long as 
certain condition is true, a statement or a block of statements is get executed. Looping control 
statement is also known as iterative control statement.  
 
 
Pretest and Post-test Loops:  
Programming languages allow us to check the loop control expression either before or after 
each iteration of the loop. In other words, we can have either a pre- or a posttest terminating 
condition.  

Pretest Loop: 
In a pretest loop, the condition is checked before we start and at the beginning of each 
iteration. If the test condition is true, we execute the code; if the test condition is false, 
we terminate the loop. 
 
Posttest Loop; 
In each iteration, the loop actions are executed, then the condition is tested, if it is true ,a 
new iteration is started otherwise the loop terminates. 

 
C language provides three different iterative or looping structures.  
 

 while loop 
  do…while  loop 
  for  loop 

 
WHILE STATEMENT: 
The whi le  control  structure executes  a  single  or  multiple  statements for  
repeat ed number  of  t imes  based on a  given condition. It  executes  the  
statements as long as the given conditi on or expression results in a true value.  
It  terminates execution as and when the condition is  false.   
 
Syntax:   

init ialization statement;  
  while(condition) 
  {  
   …  

Condition reachable statement;  
  }  
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Flowchart:  
Here the condition is  tested every t i me ,  it  
executes the block of statements.  The keyword 
while verifies the truen ess and falsity of the 
expression and responds accordingly.  I f  the 
condition is  false for the first  t ime the min imum 
number  of iterations  is  0 in  while control  
structure. It  requir es three statements in order  
to perform repetit ive tasks .  
 
 
 
 
Program to print the numbers from 1 to 10  

main()         
{ 
  int i; 
  i=1; 
  while (i<=10) 
    { 
      printf("%d\n", i); 
      i++; 
    } 
} 

 
Program to print even n umbers from 2 t o 100  

main()  
{  
 int  a=2;  
 while ( a<=100)  
 {  
  printf("\n %d",a);  
  a =  a + 2;  
 }  
}  

 
Program to print odd n umbers from 1 to 100  

main()  
{  
 int  a=1;  
 while ( a<=100)  
 {  
  i f  (a%2 != 0)  
   printf("\n %d",a);  
  a++;  
 }  
}  
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DO - WHILE STATEMENT: 
 
C provides another form of while control structure i.e., do-while control structure. In do-while 
control structure the statements in the block get executes first, later on the condition is 
evaluated. Hence the user can assume that the minimum number of iterations for do while 
control structure as 1, even if the expression or condition results in false for the first time. 
 
Syntax: 
Initialization statement; 

 do  
  {  

 --- --- --- -- --  
  Condition reachable statement;  
}  while(condit ion);  
 
Flowchart: 
Here the statements in the loop will be 
executed until the given condition becomes 
false. The while statement should be 
terminated by a semicolon (;) in do while.  
 
Ex:   print the numbers from 1 to 10  
 
main()         
{ 
 int i; 
 i=1; 

do 
{ 
      printf("%d\n", i++); 
} while (i<=10); 

} 
 
FOR LOOP: 
C provides a more flexible form of loopi ng control structure that  improves  
clarity of the code. It  is  nothing but  for  control structure. Usually the for  
control stat ement is  used to perform fixed number of iterations. The major  
difference between for  and other looping structures  is  the number of  
iterations. In case of while and do -w hile  the number of iterations are 
indefinite. The user may not  predict  the number of iterations. On the other  
hand for sp ecifies the number of  iterati ons in the statement itsel f .   
 
Syntax:  
 

for( init ialization;  test  condition; incremen t/decrement part)   
  {  
  Body of  the loop;  
  }  

The init ialization may contain single or multiple assignment statements.   A 
control  variable  is  involved in this part  of statements.  
The test  condition verifies the validity of the control variable for each 
iteration.  Increment or decrement part  in crements or  decrements the value of  
the control  variable  in order  to reach the t est  condition.   
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Ex:   Program to print the numbers from 1 to 10  

main()         
{ 

  int i; 
  for (i=1 ; i<=10; i++) 
   printf("%d\n", i); 

} 
 
Ex. Program to Print  

* 
* * 
* * * 
* * * * 
* * * * * 

#include <stdio.h>  
int  main()   
{  

   int  i ,  j ,  rows;  
   printf("Enter the n umber of rows: ") ;  
   scanf("%d",&rows);  
   for  ( i=1;i<=rows;i++)   
   {  
      for(j=1;j<=i;j++)  
      {  
         printf("*  ") ;  
      }  
      printf("\n"); 
   }  
   ret urn 0;  

}  
 
 
Ex. Program to Print 

1 
1 2 
1 2 3 
1 2 3 4 
1 2 3 4 5 

#include<stdio.h>  
int  main() 
{  
  int  i ,  j ,  rows;  
 printf("Enter the number of rows: ") ;  
 scanf("%d", &rows);  
  for(i=1;i<=rows;i ++)  
 {  
  for(j=1;j<=i ;j++)  



 

Ram’s C – Programming                     UNIT – II 

                 G. Ramanjaiah.,AMIETE,M.Sc(CS), M.Tech, (Ph.D) Assoc. Prof, Dept. Of CSE, Chebrolu Engineering College, Guntur. 15 

  {  
   printf("%d ",j) ;  
  }  
  printf("\n"); 
  }  
  return 0;  
}  

Program to print Invert ed half pyramid of *  

* * * * * 
* * * * 
* * *  
* * 
* 
 
#includ e <stdio.h>  
int  main()   
{  
 int  i ,  j ,  rows;  
 printf("Enter the number of rows: ") ;  
 scanf("%d", &rows);  
 for(i=rows;i >=1;i++)  
 {  
  for ( j  = 1; j  <= i ;  ++j)   
  {  
   printf("*  ") ; 
  }  
  printf("\n"); 
  }  
 return 0;  
}  

Program to print full Pyramid of *  
 

  * 

      * * * 

    * * * * * 

  * * * * * * * 

* * * * * * * * * 

 
 

#include <stdio.h> 
int main() 
{ 
   int i, space, rows, k = 0; 
   printf("Enter the number of rows: "); 
   scanf("%d",&rows); 
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   for (i=1; i<=rows;++i,k=0)  
   { 
      for(space=1;space<=rows-i;++space)  
      { 
        printf("  "); 
      } 
      while (k != 2 * i - 1) { 
         printf("* "); 
         ++k; 
      } 
   printf("\n"); 
   } 
   return 0; 
} 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Unconditional Branching statements: 
Thes e statements are used for transfer t he control  from one p art  of  the program 
to another . They are  

1. break  2.continue  3.got o  4.return  
 
BREAK AND CONTINUE STATEMENT: 
 
Break:  
This stat ement t akes  control out  of  the s witch statement or loop structure.  In  
other  words,  a  break statement takes the control  out  of  the current block in  
execution . The control is  transferred to the statement that  follows the block .  
 
Syntax:             break;  
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Continue Statement  
To skip a part  of the body of the loop in execution on cert ain condition and for  
the loop t o be continued for t he n ext  iteration co ntinue statement is  used.  
 
Syntax:              continue;  
 
GOTO AND LABEL STATEMENTS: 
C supports an unconditional branching statement cal led ‘goto’ .  This ‘goto’ is  
meant for transferring control from on e part  of the program t o another part  a  
label is  presen t . A label is  a user -defi ned word to where the control is  
supposed to be transferred. The given label must  reside in the s ame function  
and can appear before only one st atement in the same fun ction. Alt houg h it  
may n ot  be preferable to use t he g oto statemen t in a highly structured language  
like C , there may be occasions where the use of g oto is  desirable .  
 
Syntax:  
 goto label:      label:  
 --- --- --- -- -      statement;  
 --- --- --- -- --- --     --- --- --- -- --- ---  
 label:       --- --- --- -- --- ---  

statement;      goto label:  
 
The following example demonstrates the g oto statement:  
void main()  
{  
 int  x=1;  
 abc:  
  printf(“%d”,x);  
  x++;  
      i f(x<=5)  
                  goto abc;  
}  
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Arrays: 
 

An array is collection of data items of same data type. C provides two different array 

types. They are fixed-length array and variable length array. 

In a fixed-length array, the size of the array is known when the program is written. In 

a variable-length array, introduced in C99, the size of the array is not known until the 

program is run. 

Declaration and Definition: 

An array must be declared and defined before it can he used. A Array declaration and 
definition tell the compiler the name of the array, the type of each element and the size or 
number of elements in the array. In a fixed length array the size of the array is constant and 
must have a value at compilation time. the declaration format is shown in the following 
example. 

type arrayName [arraySize] 

Figure shows three different fixed-length array declarations: one for integers, one for 
characters, and one for floating-point numbers. 

 

 
The declaration format for a variable-length array is the same as for a fixed-length 

array except that the array size is a variable. When the program is executed, the array size is 

determined, and the array is defined. Once defined, its size cannot be changed. Following 

standard C syntax rules, the array size must he declared and initialized before it is used in the 

variable-length array definition. 

float salessAry [arySize]; 
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Accessing Elements in Arrays: 

C uses an index to access individual elements in an array. The index must be an 
integral value or an expression that evaluates to an integral value. The simplest form for 
accessing an element is a numeric constant. In the following example, to access first element 
in the array scores 

scores[0] 
The index is an expression, typically the value of a variable. To process all the 

elements in scores, a loop similar to the following code is used: 
for(i=0;i<10; i++) 

process (scores[i]); 
In the above example, the array‗s name is a symbolic reference for the address to the 

first byte of the array Whenever we use the array‗s name, therefore, we are actually referring 

to the first byte of the array. The index represents an offset from the beginning of the array to 

the element being referenced. 

With these two pieces of data, C can calculate the address of any element in the array 

using the following simple formula: 

element address = array address + ( sizeof (element) * index) 

For example, assume that scores is stored in memory at location 10,000. If scores is 

an integer of type int, the size of one element is the size of int. Assuming the size of an int is 

4, the address of the element at index 3 is 

element address = 10,000 + 4 * 3 = 10 ,012 

Storing Values in Arrays: 

Declaration and definition only reserve space for the elements in the array. No values 

are stored. If we want to store values in the array, we must either initialize the elements, read 

values from the keyboard, or assign values to each individual element. 

Initialization: 

Initialization of the elements in a fixed-length array can be done when it is defined. 

Variable-length arrays cannot be initialized when they are defined. For each element in the 

array, we provide a value and the values must be enclosed in braces. If there is more than 

one, separated by commas. 

The following figure contains four examples of array initialization. The first example 

(a) is a simple array declaration of five integers. When the array is completely initialized, the 

programmer does not need to specify the size of the array. This case is seen (b). It is a good 

idea, however, to define the size explicitly, because it allows the compiler to do some 

checking for errors and is also good documentation. 

If the number of values provided is fewer than the number of elements in the array, 

the unassigned elements are filled with zeros. This case is seen in this rule to easily initialize 
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an array to all Figure (c). We can use by supplying just the first zero value, as shown in the 

last example in Figure (d). 

 

Inputting Values: 

Another way to fill the array is to read the values from the keyboard or a file. This 

method of inputting values can be done using a loop. For example, 

for (i = 0; i < 10; i++) 
scanf ("%d", &scores [i]); 

First, we start the index i, at 0. Since the array has 9 elements, we must load the 

values from index locations 0 through 8. 

Assigning Values 

We can assign values to individual elements using the assignment operator. A simple 

assignment statement for scores is seen below. 

scores [4] = 23; 

On the other hand, we cannot assign one array to another array, even if they match 

fully in type and size. We have to copy arrays at the individual element level. 

For example, to copy an array of 25 integers to a second array of 25 integers, we 

could use a loop, as shown below. 

 
 

Exchanging Values 

for (i = 0; i < 25; i++) 
second[i] = first[i]; 

A common application is to exchange the contents of two elements. This operation is 

used in sorting arrays. 

Wrong way: 

Although this code looks as if it will do the job, if we trace the code carefully, we find 

that it does only half the job. numbers!1] is moved to numbers[ 3 ], but the second half isn‗t 

done. The result is that both elements have the same value. 

numbers [ 3] = numbers [1 ]; 

numbers [ 1 ] = numbers [ 3]; 
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Correct way: The solution to the previous problem is to use a temporary variable. It stores 

the value in numbers [3] before moving the data from numbers[1]. We can see the effect in 

the following figure. 

temp = numbers [3]; 

numbers [3] = numbers [1]; 

numbers [ 1] = temp; 

 

Printing Values: 

The following example code will display elements in the array. The below 

example code prints 0 to 8 numbers on one line. 

for( i = 0; i < 9 ; i++) 
printf ("%d " , scores [i]); 

 
Precedence of Array References: 

By looking at the Precedence Table, we see that array references have a priority of 16, 

which is very high. Consider the following example. 

numbers[3] = numbers[4] + 15; 
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numbers[ 4 ] has a higher precedence than the addition operator, so it is evaluated 

first. Assume number[3] has value 45. The result is then 

numbers[3] = 45 + 15; 

After this statement has been executed, numbers[3] is assigned the value 60. 

Index Range Checking: 

The C language does not check the boundary of an array. It is programmers‗ job. If 

we use an invalid index in an expression, we get unpredictable results. 

for (i = 1; i <= 9; i++) 
scanf ("%d", &scores [i]); 

When dealing with array processing, be very careful at the beginning and end of the 

array. A careful examination of the previous code discloses that we erroneously started at 1 

instead of 0. The solution for the above code is 

for (i = 0; i <= 9; i++) 
scanf ("%d", &scores[i]); 

Example programs on 1-dimensional arrays: 

C program to search an element in the given array: 
 

#include<stdio.h> 
Int main(){ 

int arr[10],size, ser,i,flag; 
printf(―enter the size of the array:‖); 
scanf(―%d‖, &size); 
printf(―enter the array elements‖); 
for(i=0;i<size;i++) 

scanf(―%d‖,&arr[i]); 
printf(―enter the element to search:‖); 
scanf(―%d‖, &ser); 
for(i=0;i<size;i++){ 

if(arr[i]==ser){ 
flag=1; break; 

} 
} 

if(flag==1) 
printf(―the element 

found‖); 
else 
printf( ― the element not found‖); 

return 0; 
} 

Output: 

enter the size of the array: 5 
enter the array elements 
10 20 30 40 50 
enter the element to search: 22 
the element not found 
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Array Applications: 

1. Frequency Arrays: 

Two common statistical applications that use arrays are frequency distributions and 

histograms. A frequency array shows the number of elements with an identical value found 

in a series of numbers. For example, suppose we have taken a sample of 100 values between 

0 and 19. We want to know how many of the values are 0, how many are 1, how many are 2, 

and so forth up through 19. We can read these numbers into an array called numbers. Then 

we create of 20 elements that will show the frequency of each number in an array series. 

2. Histograms: 

A histogram is a pictorial representation of a frequency array. Instead of printing the 

values of the elements to show the frequency of each number, we print a histogram in the 

form of a bar chart. For example, Figure 8-15 is a histogram for a set of numbers in the range 

0...19. 

In this example, asterisks (* ) are used to build the bar. 
 

3. Random Number Permutations: 

A random number permutation is a set of random numbers in which no numbers are 

repeated. For example, given a random number permutation of 10 numbers, the values from 0 

to 9 would all be included with no duplicates. 

we can solve the problem most efficiently by using two arrays. The first array 

contains the random numbers. The second array contains a logical value that indicates 

whether or not the number represented by its index has been placed in the random number 

array. 
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Sorting: 

One programming concept we discuss in this section is the swapping of data between 

two elements in a list. 

Selection Sort: 

In the selection sort, the list is divided into two sublists, sorted and unsorted. We find 

the smallest element from the unsorted sublist and swap it with the element at the beginning 

of the unsorted sublist. After each selection and swapping, the sorted elements sublist is 

increased and unsorted elements sublist is decreased. Each time we move one element from 

the unsorted sublist to the sorted sublist, we say that we have completed a sort pass. If we 

have a list of n elements, we need n – 1 passes to completely rearrange the data. 

Selection Sort: 
Pseudocode: 
For(i=0;i<size;i++){ 

Min=i; 
For(j=i+1;j<size;j++){ 

If(a[min]> a[j]){ 
Min=j; 

} 
} 

T=a[i]; 
A[i]=a[j]; 
A[j]= t; 

 
} 

Bubble sort: 
Pseudocode: 
for(i=0;i<size-1;i++){ 

for(j=i+1;j<size-i-1;j++){ 
if(a[i]> a[j]){ 

t=a[i]; 
a[i]=a[j]; 
a[j]= t; 

} 
} 

} 

Insertion Sort: 
Pseudocode: 
for (c = 1 ; c <= n - 1; c++) { 

d = c; 
while ( d > 0 && array[d-1] > 

{ 
t = a[d]; 

a[d] = a[d-1]; 
a[d-1] = t; 

d--; 
} 

} 

Bubble Sort: 

In the selection sort, the list is divided into two sublists, sorted and unsorted. We find the 

smallest element from the unsorted sublist and swap it with the element at the beginning of 

the unsorted sublist. After each selection and swapping, the sorted elements sublist is 
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increased and unsorted elements sublist is decreased. Each time we move one element from 

the unsorted sublist to the sorted sublist, we say that we have completed a sort pass. If we 

have a list of n elements, we need n – 1 passes to completely rearrange the data. 

Insertion Sort: 

In the selection sort, the list is divided into two sublists, sorted and unsorted. We find 

the smallest element from the unsorted sublist and swap it with the element at the beginning 

of the unsorted sublist. After each selection and swapping, the sorted elements sublist is 

increased and unsorted elements sublist is decreased. Each time we move one element from 

the unsorted sublist to the sorted sublist, we say that we have completed a sort pass. If we 

have a list of n elements, we need n – 1 passes to completely rearrange the data. 

Selection Sort: 
The selection sort algorithm sorts an array by repeatedly finding the minimum element (considering 

ascending order) from unsorted part and putting it at the beginning. 

The algorithm maintains two sub arrays in a given array. 

1) The sub array which is already sorted. 

2) Remaining sub array which is unsorted. 

In every iteration of selection sort, the minimum element (considering ascending order) from the unsorted 

sub array is picked and moved to the sorted sub array. 

 
Two- Dimensional Arrays: 

One common example is a table, which is an array that consists of rows and columns. 

Figure shows a table, which is commonly called a two-dimensional array. 

Although a two-dimensional array is exactly what is shown by Figure, C looks at it in 

a different way. It looks at the two-dimensional array as an array of arrays. In other words, a 

two-dimensional array in C is an array of one-dimensional arrays. 

 

Declaration: 

Two-dimensional arrays, like one-dimensional arrays, must be declared before being 

used. Declaration tells the compiler the name of the array, the type of each element, and the 

size of each dimension. Two-dimensional arrays can be declared he either fixed length or 
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variable length. 
 

For example, the array shown in Figure can he declared and defined as follows: 

int table[5][4]; 

By convention, the first dimension specifies the number of rows in the array. The 

second dimension specifies the number of columns in each row. The rules for variable-length 

arrays follow the same concepts. To define a variable-length array, we would use the 

following statement. 

 
Remember, however, that the dimensions must be set before the declaration or a 

compiler error occurs. 

Initialization: 

Initialization of array elements can be done when the array is defined. This time, 

however, there is a set of data for each dimension in the array. So, for table, we will need 20 

values. One way to initialize it is shown below. One way to initialize it is shown below. 

 
For two-dimensional array when we initialize the elements, we must specify the 

column size of the array. We can skip/omit row size. 

 
 
 
 
 
 

Inputting Values: 
Another way to fill up the values is to read them from the keyboard. If the array is an 

m x n by array, the first loop varies the row from zero to n-1. The second loop varies the 

column from zero to m - 1. for example, 

int table[5][ 4 ] = { 0, 1, 2 , 3, 10, 11, 12, 13 , 20, 21 , 
22 , 23, 30, 31 , 32, 33, 40, 41 , 42, 43}; 

int table [][4] = { { 0 , 1 , 2 , 3 } , 
{10, 11, 12, 13}, 
{20, 21, 22, 23}, 
{30, 31, 32, 33}, 
{40, 41, 42, 43} 

} } 

int table5x4 [rows][cols]; 
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table[2 ][0] = 23 ; 
table[ 0][ 1 ] = table[3 ][2] + 15; 

 

 
When the program runs, we enter the 20 values for the elements and there are stored 

in the appropriate locations. 
Outputting Values: 

We can also print the value of the elements one by one, using two nested loops. 

Again, the first loop controls the printing of the rows and the second loop controls the 

printing of the columns. To print the table in its table format, a newline is printed at the end 

of each row. The code prints the elements in the array. 

 
Accessing Values: 

Individual elements can be initialized using the assignment operator. 
 
 

Memory Layout: 

If we were to consider memory as a row of bytes with the lowest address on the left 

and the highest address on the right, then an array would be placed in memory with the first 

element to the left and the last element to the right. This is known as ―row-major" storage. 

 

Multidimensional Arrays: 

Multidimensional arrays can have three, four, or more dimensions. The following 

figure shows an array of three dimensions. The first dimension is called a plane and rows, 

columns. 

for (row = 0; row < 5; row++){ 
for (column = 0; column < 4; column++) 

printf( " %8d", table [row][column 
]); 

printf("\n"); 

for (row = 0; row < 5; row++) 
for (column = 0; column < 4; column++) 

scanf ("%d", stable [row][column]); 
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Although a three-dimensional array is exactly what is shown in above figure. But the 

C language looks at it in a different way. It takes the three-dimensional array to be an array of 

two-dimensional arrays. 

Declaring Multidimensional Arrays: 

Multidimensional arrays, like one-dimensional arrays, must be declared before being 

used. Declaration tells the compiler the name of the array, the type of each element, and the 

size of each dimension. The size of the fixed length array is a constant and must have a value 

at compilation time. The three-dimensional array can be declared as follows. 

int table[3][5][4]; 

 
The definition for the same table as a variable-length array requires three variables, one for 

the rows, one for the columns, three for the planes. Given these variables, it would be 

defined as shown in the following example. 

int table[planes][rows][cols]; 



Unit-3 

 

 

 
 
 

 
 

Initialization: 

As we said before, declaration and definition only reserve space for the elements in 

the array. No values will be stored in the array. If we want values, we must either initialize 

the elements, read values from the keyboard, or assign values to each individual element. For 

each plane, we bracket the rows as we did for the two-dimensional array. When we group the 

data by plane and row as we have done in the following code, the reader will be able to 

visualize the array with ease. 

int tablet [3 ][2][2 ] = 
{ 
/ / Plane 0 
{0, 1}, // Row 0 
{2, 3} // Row 1 
},  

// Plane 1  
{  

{4, 5}, // Row 0 
{6, 7 } // Row 1 
},  

// Plane 1  
{  

{8, 9}, // Row 0 
{10, 11} // Row 1 
} 
}; // table 
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Of course, if we want to initialize all the elements to zero, we can simply initialize 

only the first element to zero and let the compiler generate the code to initialize the rest of the 

array. 

int table [3][5 ][4 ] = {0}; 
 

C program for addition of two matrices: 
#include<stdio.h> 
void main () 
{ 

int a [10] [10], b [10][10], c[10][10]; 
int i, j, r1, c1, r2, c2; 

 
printf("\nEnter the number of Rows & Cols of Mat1 : "); 
scanf("%d%d", &r1,&c1); 
printf("\nEnter the number of Rows & Cols of Mat2 : "); 
scanf("%d%d", &r2,&c2); 
/* Before accepting the Elements Check if number of 

rows and columns of both matrices is equal */ 
if (r1! = r2 || c1! = c2) { 

printf("\nOrder of two matrices is not same "); 
exit (0); 

} 
//Accept the Elements in Matrix 1 
printf(― Enter first matrix elements  :\n‖); 
for (i = 0; i < r1; i++) { 

for (j = 0; j < c1; j++) { 
scanf("%d", &a[i][j]); 

} 
} 
//Accept the Elements in Matrix 2 
printf(― Enter second matrix elements  :\n‖); 
for (i = 0; i < r1; i++){ 

for (j = 0; j < c1; j++) { 
scanf("%d", &b[i][j]); 

} 
} 
//Addition of two matrices 
printf(―Addition of  two matrices is :\n‖); 
for (i = 0; i < r1; i++) { 

for (j = 0; j < c1; j++) { 
c[i][j] = a[i][j] + b[i][j]; 
printf("%d\t",c[i][j]); 

} 
printf("\n"); 

} 
} 

Output: 
Enter the number of Rows 
& Cols of Mat1: 
3 3 
Enter the number of Rows 
& Cols of Mat2: 
3 3 
Enter first matrix 
elements: 
1  1  1 
1  1  1 
1  1  1 
Enter second matrix 
elements: 
1  1  1 
1  1  1 
1  1  1 
Addition of two matrices 
is: 
2  2  2 
2  2  2 
2  2  2 
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C code for matrix multiplication 
#include<stdio.h> 
int main (){ 

int a[5][5],b[5][5],c[5][5],i,j,k,r1,r2,c1,c2; 
printf("\nEnter the row and column of first matrix :\n"); 
scanf("%d %d",&r1,&c1); 
printf("\nEnter the row and column of second matrix :\n"); 
scanf("%d %d",&r2,&c2); 
if(c1!=r2) { 

printf("Matrix mutiplication is not possible :\n"); 
} 
else { 

printf("\n Enter the First matrix :\n"); 
for(i=0;i<r1;i++){ 

for(j=0;j<c1;j++){ 
scanf("%d",&a[i][j]); 

} 
} 

printf("\n Enter the second matrix : \n"); 
for(i=0;i<r2;i++){ 

for(j=0;j<c2;j++){ 
scanf("%d",&b[i][j]); 

} 
} 

printf(― matrix multiplication is: \n‖); 
for(i=0;i<r1;i++){ 

for(j=0;j<c2;j++){ 
c[i][j]=0; 
for(k=0;k<n;k++){ 

C[i][j]=c[i][j]+a[i][k]*b[k][j]; 
} 

printf(―%d  ―,c[i][j]); 
} 

printf(―\n‖); 
} 

} 
} 

Output: 
Enter the row and column of first 
matrix: 
3 3 
Enter the row and column of 
second matrix: 
3 3 
Enter the First matrix: 
1 2 3 
4  5  6 
7  8  9 
Enter the second matrix: 
1 0 0 
0  1  0 
0  0  1 
matrix multiplication is: 
1 2 3 
4  5  6 
7  8  9 
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String Concepts 

String is a series of characters treated as a unit. Strings can also be considered as a 

special type of array. It is a one-dimensional array. This character array is terminated by null 

('\0). Character in an array occupies one byte of memory. We can accommodate different 

sized strings in two ways. We can store them in fixed-length objects, or we can store them in 

variable-length objects. 

Usually, we have two types of strings and they are: 
1.Fixed-length string 

2.Variable length string 

Fixed-length string 

It is a type of string where length of string is fixed. No matter how many characters 

constitute the string, the space is fixed. Length of string cannot be changed, once defined. 

There are some disadvantages related to fixed length strings. For instance, if you have a large 

string and you have reserved smaller space than larger half of string will not be stored. In 

contrast, if you have a small string and you have reserved larger space than limited memory 

is wasted. Not only this, once defined, length of string cannot be changed. To solve these 

problems, we have variable length strings. 

Variable-length string 

It is a type of string whose length is unknown as the name suggests. Storage container 

contrasts and expands according to requirement of string length. But there must be way to 

indicate the finish signal to compiler and for that purpose we have two general approaches 

and they are as follows: 

1. Length controlled string 

2. Delimited string 

When we talk about length-controlled string then as the name suggests, length 

information of string is stored as part of string. This information is stored as first byte, and 

this is used as a counter. We can have any length of string which is in between 0-255 range. 

For example, ―DEBO‖ strings would be stored as follows: 

 
 

Figure – C Length controlled string 

In this scenario, there is one disadvantage and that is if you have 4 byte length string 

as in the above example we will have one extra byte long string as length information is also 

a part of string so a 4 byte long string is actually going to occupy 5 bytes so this a sort of 

demerit when you have limited space and long strings to store. So, we have one more option 
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and that is delimited variable length which has a delimiter. Delimited string is the one which 

has NULL as the delimiter. 

 

 

 

C strings 

Figure – Delimited string 

A C string is a variable-length array of characters that is delimited by the null 

character. C uses variable-length, delimited strings. 

Storing Strings 

In C, a string is stored in an array of characters. It is terminated by the null character ( ' \ 0 ‗ ). 
 

 

String Literals 
In C, a string is stored as an array of characters. It is terminated by a null character 

(\0). The following figure shows how a string is stored in a memory. In a string we should 

know what the starting point is and ending point in the string. The string is stored in an array 

of characters that ends with a null delimiter and the name of the string is a pointer to the 

beginning of the string. 

 
The following diagram shows the main difference between a character and one- 

character string stored in the memory. 
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The character requires only one memory location. The one -character string requires 

two memory locations: one for the data and one for the delimiter. 

The String Delimiter: 
We see why we are using null character as delimiter at the end of the string. The 

point is that a string is not a data type but a data structure. This means the implementation is 

logical not physical. The physical structure is the array in which the string is stored. Since the 

string, by its definition is a variable-length structure. We need a null character at the we need 

to identify the logical end of the data within the physical structure. If the data are not variable 

in length, then we don ‗t need the string data structure to store them. But, if the data length is 

variable, then we need some other way to determine the end of the data. 

It is possible that the structure will not be filled, so we can have an array with the null 

character in the middle. In this case, we treat the part of the array from the beginning to the 

null character as the string and ignore the rest. In other words, any part of an array of 

characters can he treated as a string as long as the string ends in a null character. This is 

shown in Figure. 

 

 

String Literals: 
A string literal or is also known, string constant. It is a sequence of characters 

enclosed in double quotes. For example, each of the following is a string literal: 

 
When string literals are used in a program, C automatically creates an array of 

characters, initializes it to a null-delimited string and stores it, remembers its address. 

Strings and characters: 
When we need to store a single character, we have two options. We can store the data 

as a character literal or as a string literal. To store it as a character literal, we use single quote 

marks. To store it as a string literal, we use double quote marks. 

"C is a high-level language." 
"Hello" 
"abed" 

int main(){ 
char a[]={‗a‗, ‗b‗, ‗c‗, ‗d‗, ‗\0‗, ‗d‗, ‗e‗, ‗f‗, 

‗\0‗ }; 
int I,len; 
printf( the string is : , a); 
len=strlen(a); 
for(i=0; i<len; i++) 

%c , a[i]); 
getch(); 

return 0; 
} 
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There is lot of difference when we do manipulations on character and string. For 

example, to move a character from one location to another requires an assignment. Moving a 

string requires a function call. 

Another important difference between a string and a character is how we represent 

absent of data. We often specify a space (‗ ‗), or a null character (\0) represents the absence of 

data. 

Referencing String literals: 

A string literal is stored in memory. Just like any object stored in memory, it has an 

address. I bus, we can refer to a string literal by using pointers. 

Let s first examine addressing a string literal. I he literal, since it is an array of 

characters, is itself a pointer constant to the first element of the string. Generally, when we 

use it, we are referring to the entire string. It is possible, however, to refer to only one of the 

characters in the string, as shown in Figure 

 

Declaring Strings 
C has no string type. To declare a string, we use available structures in C. As strings 

are a sequence of characters, it is natural to use character arrays for storing strings. A string 

declaration for an eight – character string, including its delimiter, is shown below. 

char str [9] ; 
 

Memory for strings must be allocated before the string can be used. 

Initializing Strings 

We can initialize a string in the same way that we initialize other data structures. In 

this case, the value is a string literal. For example, to assign "Good Day‖ to a string, we 

would code 

char str[9] = "Good Day"; 
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Since a string is stored in an array of characters, we do not need to indicate the size of 

the array if we initialize it when it is defined. For instance, could define a string to store the 

month January, as shown below. 

char month[] = "January"; 
In this case, the compiler will create an array of 8 bytes and initialize it with January 

and a null character. We must be careful, however, because month is an array. If we now 

tried to store "December" in it, we would overrun the array and destroy whatever came after 

the array. 

C provides two more ways to initialize strings. 

char* pStr = "Good Day"; 
char str[9] ={‟G','o','o', „d', ' ', D ', ' a ', ' y ' , ' \ 0 ' }; 

String Input/ Output Functions: 

C provides two basic ways to read and write strings. First we can read and write 

strings with the formatted input/output functions, scanf/ fscanf and printf/fprintf . 

Second, we can use a special set of string-only functions, getstring (gets/fgets ) and put 

string ( puts/ fputs ). 

String Input: scanf/ gets 

char month[ 10]; 
scanf( " %s", month); // No need to use & before month 

scanf( " %9s", month); 
Note that we set the maximum number of characters at nine while the array size is ten. 

This is because scanf will read up to nine characters and then insert the null character. Now, 

if the user accidentally enters more than nine characters, the extra characters will he left in 

the input stream. But this can cause a problem. 

The scanf() function reads the sequence of characters until it encounters whitespace 

(space, newline tab, etc.,) 

gets( ): 

The C library function char *gets(char *str) reads a line from stdin and stores it into 

the string pointed to by str. It stops when either the newline character is read or when the end- 

of-file is reached, whichever comes first. 

Declaration 

Following is the declaration for gets() function. 
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int puts(const char *str) 

char *gets(char *str); 
Parameters 

 str − This is the pointer to an array of chars where the C string is stored. 
Return Value 
This function returns str on success, and NULL on error or when end of file occurs, while no 

characters have been read. 

#include <stdio.h> 
#define MAX 15 
int main() { 

char buf[MAX]; 
printf("Enter a string: "); 
gets(buf); 
printf("string is:‖ ); 
puts(buf); 
return 0; 

} 

Output: 

Enter a string: Dennis 

String is: Dennis 

Suppose we have a character array of 15 characters and input is greater than 15 

characters, gets() will read all these characters and store them into variable. Since, gets() do 

not check the maximum limit of input characters, so at any time compiler may return buffer 

overflow error. 

 
String Output: printf/ puts 

They use the same string conversion codes that we used for string input. 

format string of the field specification. 

#include<stdio.h> 
int main{ 

char name[20]; 
printf(―enter name:‖); 
scanf(―%s‖, name); 
printf(―your name is %s‖, name); 
return 0; 

} 

Output: 
Enter name: Dennis Ritchie 
Your name: Dennis Ritchie 

 
puts() 

The C library function int puts(const char *str) writes a string to stdout up to but not 

including the null character. A newline character is appended to the output. 

 
Declaration 

 
Following is the declaration for puts() function. 

 

If successful, non-negative value is returned. On error, the function returns EOF. 
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#include <stdio.h> 
main() { 

char str1[20] = "Hello world"; 
int len; 
len=strlen(str1); 
printf("Length of string1 : %d\n", len) 

} 

Output: 
Output: Length of string1 : 11 

Example : 
#include <stdio.h> 
Int main() { 

char str1[20] , str2[20]; 
strcpy(str1, "Hello"); 
printf("str1 = %s\n", str1); 
strcpy(str2,str1 ); 
printf("str2 = %s\n", str2); 

} 

Output: Str1 = Hello 
Str2 = Hello 

String Manipulation functions/String handling functions: 

The string handling functions are defined in string.h header file. Hence you need to 

include string.h header file whenever you use these string handling functions in your 

program. 

strlen(): 
strlen() function returns the length of the string in bytes. 

Syntax: 

int strlen(char *str ); 
The strlen() function calculates the length, in bytes, of str. This calculation does not 

include the null terminating character. strlen() function returns integer value. 

strcpy(): 

strcpy() function is used to copy the contents of one string into another string. 

Syntax: 

Char *strcpy (char *str1, char *str2); 

 The strcpy function copies characters from str2 to str1 and including the terminating 

null character. The str2 should be a variable and str1 can either be a string constant or 

a variable. 

 The strcpy function returns a string str2. 
 

strcat(): 

strcat() is used to concatenate two strings. 

Syntax: char *strcat(char *str1, const char *str2); 

 The strcat() function concatenates or appends str2 to str1. All characters from str2 are 

copied including the terminating null character. 

 The str1 should be a variable and str2 can either be a string constant or a variable. 
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#include <stdio.h> 
void main() { 

char str1[20]; 
char str2[20]; 
strcpy(str1, "Hello"); 
strcpy(str2, "Vignan"); 
strcat( str1, str2 ); 
printf("Concatenated String : %s\n", str1 ); 

} 

Output : Concatenated String : HelloVignan 

#include <stdio.h> 
void main() { 
char str1[20]; char str2[20]; 
strcpy(str1, "Hello"); 
strcpy(str2, "Hai"); 
printf("Return Value is : %d\n", strncmp( str1, str2)); 

Return 
printf( Return 
} 

lue 
lue 

: %d\n , rncmp( tec tec )); 
: %d\n", strncmp( ABC BC )); 

Output: 
Return Value is : positive value 
Return Value is : 0(zero) 
Return Value is : negative value 

#include <stdio.h> 
int main() { 
char s1 [] = "My House is small"; 
char s2 [] = "My Car is green"; 
printf ("Returned String 1: %s\n", strstr (s1, "House")); 
printf ("Returned String 2: %s\n", strstr (s2, "Car")); 
} 

Output: 
Returned String 1: House is small 
Returned String 2: Car is green 

 The strcat() function returns the string str1. 
 

strcmp(): 

 The strcmp( ) function lexicographically compares two strings and returns an integer. 

 strcmp() function does a case sensitive comparison between two strings. 

 The str1 and str2 can either be a string constant or a variable. 

Syntax: 

int strcmp(char *str1, char *str2); 

This function returns integer value after comparison. 

Value Meaning 
Less than zero str1 is less than str2 
Zero str1 is equal to str2 
Greater than zero str1 is greater than str2 

 
 

strstr(): 
The strstr() function locates the first occurrence of the string str2 in the string str1 and 

returns a pointer to the beginning of the first occurrence. . If no such sub string exists in str1, 

a null pointer is returned. 

Syntax: char *strstr(char *str1, char *str2); 
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Strrev(): 
This function is used to find the reverse of a given string. 

Syntax: char* strrev(char* str1); 
 
 
 
 

Outut 
Before reverse.. 
String : Hello 
After reverse.. 
String :olleH 

 
 
 
 
 
 
 

Array of strings: 
A string is an array of characters; so, an array of strings is an array of arrays of 

characters. Of course, the maximum size is the same for all the strings stored in a two 

dimensional array. 

declaration 
Syntax: 

char array_name[size][length]; 
where Size is the maximum number of strings 

Length is the maximum number of characters in each string 
Example 

 
Initialization 

 
char name[4][20]; 

char array_name[size][length]= {―values‖ }; 
char name[4][20]= { ―Prathap‖,‖Praveen‖,‖Pradeep‖,‖Praneeth‖}; 

 

// Write a program in c to Read and Print strings 
#include <stdio.h> 
void main() { 

//declaration 
char names[10][30]; 
int i,n; 
printf("Enter total number of names: "); 
scanf("%d",&n); 
printf("\nEnter %d names...\n",n); 
for(i=0; i<n;i++) 
{ 

scanf("%s",names[i]); 
} 
printf("\nNames are...\n"); 
for(i=0; i<n; i++) 
{ 

printf("%s ",names[i]); 
} 

} 

Output: 
Enter total number of names:4 

 
Enter 4 names… 
Prathap 
Praveen 
Pradeep 
Praneeth 

 
Names are… 
Prathap 
Praveen 
Pradeep 
Praneeth 

#include <stdio.h> 
void main() { 

 
printf("Before reverse..” ); 
printf("String : %s\n", str1 ); 
strrevy(str1); 
printf("After reverse..” ); 
printf("String : %s\n", str1 ); 

} 



Unit-3 

 

 

long int strtol(const char *str, char **endptr, int base) 

 

String to Data Conversion 

String to Number: 

The standard library (stdlib.h) library provides several functions that convert a string to a 

number. The most important are: 

1. String to long 
2. String to double 

String to Long 

The C library function long int strtol(const char *str, char   **endptr,   int 

base) converts the initial part of the string in str to a long int value according   to   the 

given base, which must be between 2 and 36 inclusive, or be the special value 0. 

Declaration 

Following is the declaration for strtol() function. 
 

Parameters 
 str − This is the string containing the representation of an integral number. 

 endptr − This is the reference to an object of type char*, whose value is set by the 

function to the next character in str after the numerical value. 

 base − This is the base, which must be between 2 and 36 inclusive, or be the special 

value 0. 

Return Value 
This function returns the converted integral number as a long int value, else zero 

value is returned. 

#include <stdio.h> 
#include <stdlib.h> 
int main () { 

char str[30] = "2030300 This is test"; 
char *ptr; 
long ret; 

 
ret = strtol(str, &ptr, 10); 
printf("The number(unsigned long integer) is %ld\n", ret); 
printf("String part is |%s|", ptr); 

 
return 0; 

} 

Output: 

The number(unsigned long 
integer) is 2030300 
String part is | This is test| 

String to double 

The C library function double strtod(const char *str, char **endptr) converts the 

string pointed to by the argument str to a floating-point number (type double). If endptr is 

not NULL, a pointer to the character after the last character used in the conversion is stored 

in the location referenced by endptr. 

Declaration 
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double strtod(const char *str, char **endptr) 

Following is the declaration for strtod() function. 
 

Parameters 

 str − This is the value to be converted to a string. 

 endptr − This is the reference to an already allocated object of type char*, whose 

value is set by the function to the next character in str after the numerical value. 

Return Value 

This function returns the converted floating-point number as a double value, else zero 

value (0.0) is returned. 

#include <stdio.h> 
#include <stdlib.h> 
main () { 

char str[30] = "20.30300 This is test"; 
char *ptr; 
double ret; 
ret = strtod(str, &ptr); 
printf("The number(double) is %lf\n", 

ret); 
printf("String part is |%s|", ptr); 

} 

Output: 
The number(double) is 20.303000 
String part is | This is test| 
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typedef char* STRING; 
STRING stringPtrAry[20]; 

The Type Definition: 
A type definition, typedef, gives a name to a data type by creating a new type that can then be used 

anywhere. The format for the type definition is shown in the figure. 

We can use the type definition with any type. For example, we can redefine int to INTEGER with the 

statement shown below, although we would never recommend this. Note that the typedef identifier is 

traditionally coded in uppercase. 

 
 
 
 
 
 
 
 
 

One of the more common uses of the type definition is with complex declarations. See the following 

examples 

 
We can simplify the declaration by using a type definition to create string type and then defining the 

array using the new type as shown below. 
 

 

Enumerated Types: 

The enumerated type is a user- defined type based on the standard integer type. In an enumerated 

type, each integer value is given an identifier called an enumeration constant. We can use the enumerated 

constants as symbolic names, which makes our programs much more readable. 

Declaring an Enumerated Type: 

To declare an enumerated type, we must declare its identifier and its values. Because it is derived from 

the integer type, its operations are the same as for integers. The syntax for declaring an enumerated type is: 

 
The keyword, enum, is followed by an identifier and a set of enumeration constants enclosed in a set of 

braces. The statement is terminated with a semicolon. The enumeration identifiers are also known as an 

enumeration list. 

Each enumeration identifier is assigned an integer value. If we do not explicitly assign the values, the 

compiler assigns the first identifier the value 0, the second identifier the value 1, the third identifier the value 2, 

and so on until all the identifiers have a value. For example, consider an enumerated type for colors as defined 

in the next statement. Note that for enumeration identifiers, we use uppercase alphabetic characters. 

 
The color type has four and only four possible values. The range of the values is 0.. 3, with the identifier 

red representing the value 0, blue the value 1, green the value 2, and white the value 3. 

enum color {RED, BLUE, GREEN, WHITE}; 

enum typeName {identifier list}; 

char* stringPtrAry[ 20 ]; 

typedef int INTEGER; 



Unit-3 

 

 

x = y ; 
z = y ; 

switch (dateMonth) { 
case JAN: … 

break; 
case FEB: … 

break; 
…… 

} // switch 

Operations on Enumerated Types: 

we discuss storing values in enumerated types and manipulating them. 

Assigning Values to Enumerated Types: 

After an enumerated variable has been declared. we can store values in it. Remember, however, that an 

enumerated variable can hold only declared values for the type. The following example defines a color variable 

and uses it in several statements. 

 
Similarly, once a variable has been defined and assigned a value, we can store its value in another 

variable of the same type. Given the previous example, the following statements are valid. 
 

Comparing Enumerated Types: 

Enumerated types can be compared using the comparison operators. For example, given two color 

variables, we can compare them for equal, greater than, or less than. We can also compare them to enumeration 

identifiers. These comparisons are shown in the following example. 

 
Another natural use of enumerated types is with the switch statement. Because enumerated types are 

derived from integer types, they may be used in the case expressions. For example, consider an enumerated type 

for the months of the year. 

 
Given the months type, we can use it in a switch statement as shown in the next example. 

 

Other Operations on Enumerated Types: 

In general, any operation defined for integers can he used with enumerated types. We can add, subtract, 

multiply, and divide enumerated types. We can also pass them to standard and application functions. 

Enumeration Type Conversion: 

Enumerated types can he implicitly and explicitly cast. The compiler implicitly casts an enumerated type to an 

enum months 
{JAN,FEB,MAR,APR ,MAY,JUN,JUL,AUG,SEP,OCT,NOV ,DEC}; 
enum months dateMonth; 

if (color1 == color2) 
…….. 

if (color1 == BLUE) 
……. 

enum color x ; 
enum color y ; 
enum color z; 
x = BLUE; 
y = WHITE; 
z = PURPLE; / / Error. There is no purple. 
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enum color y; 
y = (enum color)2; // Valid, y contains green 

integer as required. However, when we implicitly cast an integer to an enumerated type, we get either a warning 

or an error depending on the compiler. The following example demonstrates implicit casts. 

 
We can explicitly cast an integer to an enumerated type without problems. To assign y the value blue in 

the previous example, we could use the following code. 
 

Initializing Enumerated Constants: 

While the compiler automatically assigns values to enumerated types starting with 0, we can override it 

and assign our own values. For example, to set up an enumerated type for the months of the year, we could use 

the following declaration. 

 
 

While this declaration works, it could be confusing because JAN is assigned the value 0. FEB the value 

1, and so forth until DEC, which is 11. To make JAN start with 1, we could use the following declaration. 

 
Note that we don ‘t have to assign initializers to every value. If we omit the initializers, the compiler 

assigns the next value by adding 1. To initialize the months, therefore, we simply assign the value for JAN. The 

rest will be automatically assigned by the compiler. 

Anonymous Enumeration: Constants 

If we create an enumerated type without a name, it is an anonymous enumerated type. Because the 

identifiers in enumerated types are constants, enumerated types are a convenient way to declare 

constants.example, to declare the constants ON and OFF, we could use the following code. Anonymous 

enumeration cannot he used to declare a variable 

 
The identifier OFF is a constant with a value of 0; ON is a value of 1. As an aside, we coded OFF first 

because we wanted it to have a connotation of false. Similarly, ON has a connotation of true. 

Input/ Output Operations: 

Because enumerated types are derived types, they cannot be read and written using the formatted 

input/output functions. When we read an enumerated type, we must read it as an integer. When we write it, it 

displays as an integer. 

The following example shows how we would read and write two months. 

enum {OFF, ON}; 

enum months {JAN = 1, FEB, MAR , APR , MAY , JUN , 
JUL, AUG , SEP, OCT, NOV , DEC}; 

enum months 
{JAN ,FEB,MAR , APR,MAY,JUN,JUL,AUG,SEP ,OCT,NOV,DEC}; 
enum months dateMonth ; 

int x; 
enum color y; 
x = BLUE; 
y = 2; 
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STRUCTURES 
Definition: Structure is the collection of variables of different types grouped together under a 

single name. 

 Structure is commonly referred to as a derived data type. 

 C‗s structures allow you to store multiple variables of any type in one place (the 

structure). A structure can contain any of C‗s data types, including arrays and other 

structures. 

 Each variable within a structure is called a member or field of the structure. 

The below figure contains two examples of structures. The first example, fraction, has 

two fields, both of which are integers. The second example, student , has three fields, made 

up of two different types. 

 
 
 
 

Note:- Elements in a structure can be of the same or different types. However, all elements 

in the structure should be logically related. 

enum months {JAN = 1, FEB , MAR , APR , MAY , JUN, 
JUL, AUG , SEP , OCT, NOV, DEC}; 

enum months monthl; 
enum months month2; 
scanf ( "%d %d" , &monthl, &month2); // Input 1 - 12 
printf("%d %d" , monthl, month2 ); // Prints 1 - 12 
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Structure Type Declaration 
Like all data types, structures must be declared and defined. C has two ways to 

declare a structure: 

1. tagged structures 
2. type-defined structures. 

 
1. Tagged Structure: 

 
A tagged structure starts with the keyword struct. The second element in the declaration is the 

tag. The structure declaration is terminated by a semicolon. This is because a structure 

declaration is a statement. 

 

Example: consider the student database in which each student has a id, name and grade 

points. 

2. Type Declaration with typedef 
The more powerful way to declare a structure is to use a type definition, typedef. The typedef 

format is shown in the below Figure. 

 
The type-defined structure differs from the tagged declaration in two ways. First, the 

keyword, typedef, is added to the beginning of the definition. Second, an identifier is required 

at the end of the block; the identifier is the type definition name. 

structure variables declaration: 
After a structure has been declared, we can declare variables using it. Generally, we declare 
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the type in the global area of a program to make it visible to al functions. The variables, on 

the other hand are usually declared in the functions. The below Figure demonstrates the 

declaration of a structure type and variables that use it. 

 

 
Example: C program to find the amount of memory allocated for a given structure. 

 
 
 
 
 
 
 
 
 
 
 
 

Note: The amount of memory allocated to the structure will be the sum of all the data members sizes in that structure 
template 

Initialization: 
We can initialize a structure. The rules for structure initialization are similar to the rules for array 

initialization. The initializers are enclosed in braces and separated by commas. They must match 

their corresponding types in the structure definition. 

 

The above Figure shows two examples of structure initialization. The first example shows an 

initializer for each field. Note how they are mapped to the structure in sequence. The second 

example demonstrates what happens when not all fields are initialized. As we saw with 

struct student {  // structure name 
int roll_no;  // 4 bytes 
char name[20]; // 20 bytes 
char course[20]; // 20 bytes 
int m1,m2,m3 ; // 12 bytes 
float average; // 4 bytes 

} stud; 

void main() { 
printf(“ size = %d \n”,sizeof(struct student)); 

//or 
printf(“ size = %d \n”,sizeof(stud)); 

} 

Output: size = 60 
Size = 60 

---------(4+20+20+12+4=60) 
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arrays, when one or more initializers are missing, the structure elements will be assigned null 

values, zero for integers and floating-point numbers, and null ( ' \ 0 ' ) for characters and 

strings. 

Accessing Structure Members: 
Structure members are accessed using the structure member operator (.), also called the dot 

operator, between the structure name and the member name. 

The syntax for accessing the member of the structure is: 

Structurevariable . member-name; 
 

Using  the  structure  student  in  ―Type  Declaration  with  typedef,"  we  would  refer  to  the 

individual components as shown below. 

aStudent.id 
aStudent.name 
aStudent.gradePoints 

example: C program to access the structure elements and print on to the screen 
 

typedef struct { 
int Rno; 
char name[20]; 
char course[20]; 

}student; 
void main() { 

struct student stud; 
stud.Rno=1001; 

Output : 
Roll_no=1001 
Name = rithika 
Course = B-Tech 

 

 

Operations on Structures 
The structure is an entity that can be treated as a whole. However, only one operation, 

assignment is allowed on the structure itself. That is, a structure can only he copied to another 

structure of the same type using the assignment operator. Rather than assign individual 

members when we want to copy one structure to another, as we did earlier, we can simply 

assign one to the other. Below Figure copies saml to sam2 

} 
.c r , 

, 
, printf( Roll_no = %d \ 

Name = %s \ 
Course = %s \ 

strcpy(stud.course”,B-Tech‖); 
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Pointer to structures: 
Structures, like other types, can also be accessed through pointers. one of the most common 

methods used to reference structures 
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 To access the members of a structure using a pointer to that structure, you must use 
the arrow (->) operator. 
Typedef struct { 
int rno; char name [20]; 
char course [20]; 

} student; 
void main () { 

student *stud; 
stud->rno=1001; 
strcpy(stud->name,"rithika"); 
strcpy(stud->course,"B-Tech"); 
printf("Roll_no = %d \n",stud->rno); 
printf("Name = %s \n",stud->name); 
printf("Course = %s \n",stud->course); 

} 

Output: 
Roll_no=1001 
Name = rithika 
Course = B-Tech 

 
Nested Structures: 

We can have structures as members of a structure. When a structure includes another 

structure, it is a nested structure. There is no limit to the number of structures that can be 

nested , but we seldom go beyond three. For example, we can have a structure called stamp 

that stores the date 

and the time. The date is in turn a structure that stores the month , day, and year. I he time is 

also a structure that stores the hour, minute, and second. This structure design is shown in 

below Figure. 
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Referencing Nested Structures: 

To access a nested structure, we include each level from the highest (stamp) to the component 
being referenced. 

 

Nested Structure Initialization: 

Each structure must he initialized completely before proceeding to the next member. Each 
structure is enclosed in a set of braces. For example, to initialize stamp, first we initialize 
date, then time , separated by a comma. To initialize date, we provide values for month, day, 
and year, each separated by commas. We can then initialize the members of time. A 
definition and initialization for stamp are shown below. 
STAMP stamp = {{05, 10, 1936}, {23, 45, 00}}; 

Array of Structures: 

Structure is collection of different data type. An object of structure represents a single record 

in memory, if we want more than one record of structure type, we have to create an array of 

structure or object. As we know, an array is a collection of similar type, therefore an array 

can be of structure type. 

 Syntax: 
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/* Usage of an array of structures */ 

 
Passing Entire Structure to Functions 
When a structure is used as an argument to a function, the entire structure is passed using the 

normal Call-by-value method. This means that any changes made to the contents of the 

parameter inside the function do not affect the structure passed as the argument. 

/* Passing Entire Structure to functions */ 
struct book { 

char name [25]; 
char author [25]; 
int price; 

} ; 
void display (struct book b1) { 
printf ("\n %s -- %s -- %d", b1.name, b1.author, b1.price ) ; 
} 
void main() { 

struct book b1 = {―Let_us_C ", "yaswanth -- ", 250 } ; 
display(b1); //passing structure members 

} 

Output: 
Let_us_C – yaswanth -- 250 

 

Unions: 

The union is a construct that allows memory to be shared by different types of data. 

This redefinition can be as simple as redeclaring an integer as four characters or as complex 

as redeclaring an entire structure. For example, we know that a short integer is 2 bytes and 

that each byte is a character. Therefore, we could process a short integer as a number or as 

two characters. 

struct book 
char name[20] ; 
char author[20] ; 
float price ; 

}; 
struct book b[10] ; // array of structures 
void main() { 
int i; 
for (i = 0 ; i < 10 ; i++ ) { 

printf ( "\nEnter name, price and pages " ) ; 
scanf ( "%s %s %f", &b[i].name, &b[i].author, &b[i].price) ; 

} 
for( i = 0 ; i <= 10 ; i++ ) 

printf ( "\n%s %s %f", b[i].name, b[i].author, b[i].price) ; 
} 

struct structure_name { 
datatype variable1; 
datatype variable2; 
dataype variable 3; 
…….... 

}; 
struct structure_name variable[index]; 
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shareData.num 
shareData.chAry[0 ] 

The union follows the same format syntax as the structure. In fact, with the exception 

of the keywords struct and union, the formats are the same. 

 

Referencing Unions: 

To reference individual fields within the union, we use the direct selection (dot) 

operator. Each reference must be fully qualified from the beginning of the structure to the 

element being referenced. This includes the name of the union itself. When a union is being 

referenced through a pointer, the selection operator (arrow) can be used. The following are 

both valid references to the union. 

 
Initializers: 

while C permits a union to be initialized, only the first type declared in union can be 

initialized when the variable is defined. The other types can only be initialized by assigning 

values or reading values into the union. When initializing a union, we must enclose the values 

in a set of braces, even if there is only one value. 

# include <stdio.h> 
// Global Declarations 
typedef union{ 

short num; char chAry[2]; 
} SH_CH2 ; 
int main (void ) { 

// Local Declarations 
SH_CH2 data; 

// Statements 
data.num = 16706; 
printf( "Short: %hd\n", , data.num); 
printf("Ch[0 ]: %c\n" , data.chAry[0]); 
printf("Ch(l]: %c\n " , data.chAry[ 1 ]); 

return 0; 
} // main 

Output: 
Short: 16706 
Ch[0]: A 
Ch[1]: B 
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Unions and Structures: 

In a union, each piece of data starts at the same memory location and occupies at least 
a part of the same memory. Thus, when a union is shared by two or more different data types, 
only one piece of data can he in memory at one time. 

Consider, for example, an address hook that contains both company and individual 

names. When we store a company name, the name has only one field. On the other hand, 

when we store an individual‗s name, the name has at least three parts—first name, middle 

initial, and last name. If we want to have only one name field in our address book, we need to 

use a union to store the name. 

 

Because two different types of data can be stored in the same union, we need to know 

which type currently is stored. This is done with a type flag that is created when the data are 

stored. If the name is in the company format, the flag is C, and if it is in the person format it 

is a P. 

When a union is defined, C reserves enough room to store the largest data object in 

the construct. In Figure, the size of the company name is 40 bytes and the size of the person 

name is 51 bytes. The size of the union structure is therefore 52 bytes (the size of the person 

name plus the type) are being stored. When a company name is to store the largest room 

regardless of what type of data stored, the last 11 bytes are present hut unused. 
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UNIT IV 
Pointers: Introduction, Pointers to pointers, Compatibility, L value and R value, Tips and 

Common Programming Errors, Key Terms, Summary, Practice Set. 

Pointer Applications: Arrays, and Pointers, Pointer Arithmetic and Arrays, Memory 

Allocation Function, Array of Pointers, Programming Application, Tips and Common 

Programming Errors, Key Terms, Summary, Practice Set. 

Processor Commands: Processor Commands, Tips and Common Programming Errors, Key 

Terms, Summary, Practice Set. 
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Pointers: 

Introduction: 
A pointer is a constant or variable that can be used to hold the address of another 

variable of same datatype. 
Pointer Constants: 

A character constant is a value and can be stored in a variable. we have a character 

variable, aChar. At this point assume aChar is having a character constant ‘G’ in it. The 

variable has an address in memory. Like character constant pointer constants also doesn’t 

change. Although the addresses within a computer cannot change, be aware that the address 

of the variable, aChar, can and will change from one run of our program to another. Ibis is 

because today’s modern operating systems can put a program in memory wherever it is 

convenient when the program is started. 

Pointer Values: 

If we have a pointer constant, we should be able to save its value if we can somehow 

identify it. we have been doing it since we wrote our first scanf statement with an address 

operator. The address operator (&) extracts the address for a variable. Now let’s write a 

program that defines two-character variables and prints their addresses as pointers 

(conversion code % p). Depending on the operating system, this program may print different 

numbers each time we run it. The addresses would also be different in different computers. 

However, most of the time, the computer allocates two adjacent memory locations because 

we defined the two variables one after the other. 

 

The situation changes slightly when we use integers. In most computers, the int type 

occupy 4 bytes. This means that each int variable occupies four memory locations. In most 

computers, the location of the first byte is used as the memory address. The same design 

applies to real and other data types. 



Unit-4 

 

 

 

Pointer Variables: 
we can store the address of a variable into another variable, which is called a pointer 

variable. 

 

In this figure we see a variable, a, with its value, — 123. The variable a is found at 

location 234560 in memory. Although the variable’s name and location are constant, the 

value may change as the program executes. This figure also has a pointer variable, p. The 

pointer has a name and a location, both of which are constant. Its value at this point is the 

memory location 234560. This means that p is pointing to a. 

If we have a pointer variable, but we don’t want it to point anywhere. In this case, c 

provides special null pointer constant NULL in the standard input/output stdio.h header file. 

NULL is usually defined as a macro with a value of integer 0 or 0 cast to a void pointer (void 

*). 

Accessing Variables Through Pointers: 

Now that we have a variable and a pointer to the variable, how can we relate the two. 

C has provided an operator (*). It is called indirection operator. When we dereference a 

pointer, we are using its value to reference (address) another variable. To access the variable 

a through the pointer p, we simply code * p. 

Let 's assume that we need to add 1 to the variable a. We can do this with any of the 

following statements, assuming that the pointer, p, is properly initialized (p = & a). 

a++; a = a + 1;        *p = * p + 1; (*p) ++; 

The indirection and address operators are the inverse of each other, and when 

combined in an expression, such as * & x, they cancel each other. To see this, let’s break 

down the expression. These two unary operators are evaluated from the right. The first 

expression is therefore & x, the address of x, which as we have seen, is a pointer value. The 

second expression, * (& x), dereferences the pointer constant, giving the variable (x) itself. 

Therefore, the operators effectively cancel each other. 
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Pointer Declaration and Definition: 
we use the asterisk to declare pointer variables. The following figure shows different 

pointer variables. 

 
 

#include <stdio.h> 
int main (void) { 
// Local Declarations 
int a; 
int* p; 

 
// Statements p 135760 
a = 14; 
P = &a; 
printf("%d %p\n", a , & a ) ; 
printf( "%p % d % d \ n", p,*p, a ) ; 
return 0; 
} 

Results: 

14 00135760 

00135760 14 14 

 
Functions Returning Pointers: 

Let s write a function to determine the smaller of two numbers. 
 

 

Pointers to Pointers: 
So far, all our pointers have been pointing directly to data. It is possible to use 

pointers that point to other pointers. For example, we can have a pointer pointing to a pointer 

to an integer. This two-level indirection is seen in Figure 9-20. There is no limit as to how 

many levels of indirection. But we limit ourselves to two. 
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Each level of pointer indirection requires a separate indirection operator when it is 
dereferenced. 

Compatibility: 

It is important to recognize that pointers have a type associated with them. they are 

not just pointer types, but rather are pointers to a specific type such as character. each pointer 

therefore takes on the attributes of the type to which it refers in addition to its own attributes. 

 
 

Pointer Size Compatibility: 

The size of all pointers is the same. Every pointer variable holds the address of one 

memory location in the computer. On the other hand, the size of the variable that the pointer 

references can be different; it takes the attributes of the type being referenced. 

 

#include <stdio.h> 
int main (void) { 
// Local Declarations 

char c; 
char* pc; 

int sizeofc = sizeof(c); 
int sizeofpc = sizeof(pc); 
int sizeofStarpc = sizeof(*pc); 

 
int a; 
int* pa; 
int sizeofa = sizeof(a); 
int sizeofpa = sizeof(pa); 
int sizeofStarpa = sizeof(*pa); 
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double x; 
double* px; 
int sizeofx= sizeof(x); 
int sizeofpx = sizeof(px); 
int sizeofStarpx = sizeof(*px); 

 
// Statements 
printf("sizeof(c): %3d", sizeofc); 
printf("sizeof(pc): %3d|", sizeofpc); 
printf("sizeof(*pc): %3e|”, sizeofStarpc); 
printf("sizeof(a): %3d|", sizeofa); 
printf("sizeof(pa): %3d|", sizeofpa); 
printf("sizeof(*pa):%3d\n", sizeofStarpa); 
printf( " sizeof(x): %3d | " , sizeofx ); 
printf("sizeof(px): %3d | " , sizeofpx); 
printf("sizeof(*px ): %3d \n " , sizeofStarpx ); 
return 0; 
} // main 
Results: 
sizeof(c): 1 sizeof(pc): 4|sizeof(*pc): 1 
sizeof(a): 4 sizeof(pa ): 4 | sizeof( *pa): 4 
sizeof(x): 8 | sizeof(px ): 4 | sizeof( *px): 8 
Dereference Type Compatibility: 

I he second issue in compatibility is the dereference type. The dereference type is the 

type ol the variable that the pointer is referencing. With one exception it is invalid to assign a 

pointer of one type to a pointer of another type, even though the values in both cases are 

memory addresses and would therefore seem to be fully compatible. Although the addresses 

may he compatible because they are drawn from the same set , what is not compatible is the 

underlying data type of the referenced object. 

In C, we can’t use the assignment operator with pointers to different types; il we try 

to, we get a compile error. A pointer to a char is only compatible with a pointer to a char; and 

a pointer to an int is only compatible with a pointer to an int. We cannot assign a pointer to a 

char to a pointer to an int. Let’s construct an example in which we have two variables: one 

int and one char. We also define one pointer to char and one pointer to int as shown in Figure 

9-22. 
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Pointer to Void: 

The exception to the reference type compatibility rule is the pointer to void. A pointer 

to void is a generic type that is not associated with a reference type; that is, it is not the 

address of a character, an integer, a real, or any other type. a pointer of any reference type can 

be assigned to a pointer to void type and a pointer to void type can be assigned to a pointer of 

any reference type. One restriction to void pointer is it cannot be dereferenced unless it is 

cast. The following shows the declaration of pointer of type void. 

void * pVoid; 
 

It is important to understand the difference between a null pointer and a variable of 

type pointer to void. A null pointer is a pointer of any type that is assigned the constant 

NULL. The reference type of the pointer will not change with the null assignment. A variable 

of pointer to void is a pointer with no reference type that can store only the address of any 

variable. The following examples show' the difference 

 
 

Casting Pointers: 

The problem of type incompatibility can be solved if we use casting. We can make an 

explicit assignment between incompatible pointer types by using a cast, just as we can cast an 

int to a char. 

pc = (char*) &a; 

void* pVoid; // Pointer to void type 
int* pint = NULL;  // Null pointer of type int 
char* pChar = NULL; // Null pointer of type char 
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Dereference Level Compatibility: 

Compatibility also includes dereference level compatibility. For example, a pointer to 

int is not compatible with a pointer-to-pointer to int. The pointer to int has a reference type ol 

int, while a pointer-to-pointer to int has a reference type of pointer to int. 

 

Lvalue and Rvalue: 

In C, an expression is either an lvalue or an rvalue. As you know, every expression 

has a value. But the value in an expression (after evaluation) can he used in two different 

ways. 

1. An lvalue expression must he used whenever the object is receiving a value; that is, it 

is being modified. 

2. An rvalue expression can be used to supply a value for further use; that is, to examine 

or copy its value. 

Only seven types of expressions are lvalue expressions 
 

S.No Expression type comments 
1 Identifier Variable identifier 
2 Expression[…] Array indexing 
3 (expression) Expression must already be lvalue 
4 *expression Dereferenced expression 
5 Expression.name Structure selection 
6 Expression->name Structure indirect selection 
7 Function call If function uses return by address 
Expression types 5,6 and 7 have not yet been covered 
For example, the following are lvalue expressions: 

a = ... a [ 5 ] = ... ( a ) = ... * p = ... 
All expressions that are not lvalue expressions are rvalues. The following show some 

rvalue expressions: 
5 a + 2 a * 6 a [ 2 ] + 3 a + + 
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Note that even if an expression is an lvalue, if it is used as part of a larger expression 
in which the operators create only rvalue expressions, then the whole expression is an rvalue. 
1 or example, a [ 2 ] is an lvalue. But when it is used in the expression a [ 2 ] + 3, the whole 
expression is an rvalue, not an lvalue. Similarly, in the expression a ++, the variable a is an 
lvalue while the whole expression ( a + + ) is an rvalue. 

Only six operators need an lvalue expression as an operand: address operator, postfix 

increment, postfix decrement, prefix increment, prefix decrement, and assignment. They are 

shown in Table 9 - 2 with examples of each. 
 

Type of expression Examples 

Address operator &score 

Postfix increment/ decrement X++ y-- 

Prefix increment/ decrement ++X --y 

Assignment (left operand) X=1 y += 3 

Table 9-3 contains several examples of invalid expressions that will create syntax 

errors because an rvalue is used when an lvalue is needed. 
 

Expression Problem 

A+2 =6; a+2 is an rvalue and cannot be the left operand in an assignment; it is a 
temporary value that doesn’t have an address; no place to store 6. 

&(a+2); a+2 is an rvalue; and the address operator needs an lvalue; rvlaues are 
temporary values do not have address 

&4 ; Same as above (4 is an rvalue) 
(a+2) ++; 
++(a+2); 

Postfix and prefix operators require lvalues; (a+2) is an rvalue 

One final thought: A variable name can assume the role of either an Ivalue or an 

rvalue depending on how it is used in an expression. In the following expression, a is an 

lvalue because it is on the left of the assignment and b is an rvalue because it is on the right of 

the assignment. 

a = b 
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Pointer Applications 

Arrays and Pointers: 

The name of an array is a pointer constant to the first element. Because the array’s 

name is a pointer constant, its value cannot be changed. Figure 10-1 shows an array with the 

array name as a pointer constant. 

 

Since the array name is a pointer constant to the first element, the address of the first 

element and the name of the array both represent the same location in memory. We can, 

therefore, use the array name anywhere we can use a pointer, as long as it is being used as an 

rvalue. Specifically, this means that we can use it with the indirection operator. When we 

dereference an array name, we are dereferencing the first element of the array; that is, we are 

referring to array [ 01. However, when the array name is dereferenced, it refers only to the 

first element, not the whole array. 

 

A simple variation on this code is to print the value in the first element of the array 

using both a pointer and an index. This code is demonstrated in Figure 10-2. Note that the 

same value, 2, is printed in both cases, again proving our point that the array name is a 

pointer constant to the beginning of the array. 
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Let’s investigate another point. If the name oF an array is really a pointer, let’s see if 

we can store this pointer in a pointer variable and use it in the same way we use the name of 

the array. The program that demonstrates this is shown in Figure 10-3. 

 

Right after we define and initialize the array, we define a pointer and initialize it to 

point to the first element of the array by assigning the array name. Note especially that the 

array name is unqualified; that is, there is no address operator or index specification. We then 

print the first element in the array, first using an index notation and then pointer notation. 

Let’s look at another example that explores the close relationship between an array 

and a pointer. We store the address of the second element of the array in a pointer variable. 

Now we can use two different names to access each element. This does not mean that we 

have two arrays; rather. It shows that a single array can be accessed through different 

pointers. 

 

Figure 10- 4 demonstrates the use of multiple names for an array to reference different 

locations at the same time. First, we have the array name. We then create a pointer to integer 

and set it to the second element of the array (a [ 1] ). Now, even though it is a pointer, we can 

use it as an array name and index it to point to different elements in the array. We 

demonstrate this by printing the first two elements using first the array name and then the 

pointer. Note especially that, when a pointer is not referencing the first element of an array, 

the index can he negative [ -1 ] . This is shown in the reference to p [ -1 ] . 
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Pointer Arithmetic and Arrays: 

Besides indexing, programmers use another powerful method of moving through an 

array: pointer arithmetic. Pointer arithmetic offers a restricted set of arithmetic operators for 

manipulating the addresses in pointers. 

Pointers and One- Dimensional Arrays: 

If we have an array, a, then a is a constant pointing to the first element and a + 1 is a 

constant pointing to the second element. Again, if we have a pointer, p, pointing to the second 

element of an array then P - 1 is a pointer to the previous ( first) element and p + 1 is a 

pointer to the next (third) element. 

 

Arithmetic Operations on Pointers: 

Arithmetic operations involving pointers are very limited. Addition can be used when 

one operand is a pointer and the other is an integer. Subtraction can he used only when both 

operands are pointers or when the first operand is a pointer and the second operand is an 

index integer. We can also manipulate a pointer with the postfix and unary increment and 

decrement operators. All of the following pointer arithmetic operations are valid: 

p + 5 5 + p P - 5 pl - p2 p++    —p 

When one pointer is subtracted from another, the result is an index representing 

the number of elements between the two pointers. 

The relational operators (such as less than and equal) are allowed only if both 

operands are pointers of the same type. Two pointer relational expressions are shown below. 

pi >= p2         p1 != P2 

Using Pointer Arithmetic: 

In the following program we print the array elements in the forward and reverse 

direction using pointers. 
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#define MAX SIZE 10 
int main(){ 

int ary[ ] = {1 , 2, 3, 4, 5 , 6, 7, 8 , 9, 10}; 
int * pItr, * pEnd; 
pEnd = ary + MAX _SIZE 
printf( " Array forward : "); 
for ( pItr = ary ; pItr < pEnd ; pItr ++ ) 

printf ( "%3d ", * pWalk ); 
printf ("\n"); 

 
// Print array backward 
printf ( "Array backward: " ); 
for ( pItr = pEnd - 1; pItr >= ary ; pItr - - ) 

printf ( " %3d", *pWalk ); 
printf ( " \n"); 

return 0; 
} // main 

Results: 
Array forward: 1 2 3 4 5 6 7 8 9 10 
Array backward: 10 9 8 7 6 5 4 3 2 1 

Pointers and Two-Dimensional Arrays: 

Assume that we have a two-dimensional array of integers. When we dereference the 

array name, we don’t get one integer, we get an array of integers. In other words, the 

dereference of the array name of a two-dimensional array is a pointer to a one-dimensional 

array. 

Each element in the figure is shown in both index and pointer notation. Note that 

tablet [0 ] refers to an array of four integer values. The equivalent pointer notation is the 

dereference of the array name plus 0, * (table +0) which also refers to an array of four 

integers. 

table [ 0 ] is identical to * ( table + 0 ) 

To refer to a row, we dereference the array pointer, which gives us a pointer to a row. 

Given a pointer to a row, to refer to an individual element, we dereference the row pointer. 

This double dereference is shown below. 

*(*(table ) ) 



Unit-4 

 

 

 
 

 
 

Memory Allocation Functions: 

C gives us two choices when we want to reserve memory locations for an object: 

static allocation and dynamic allocation. 

To understand how dynamic memory allocation works, we must study how memory 

is used. Conceptually, memory is divided into program memory and data memory. Program 

memory consists of the memory used for main and all called functions. Data memory consists 

of permanent definitions, such as global data and constants, local declarations, and dynamic 

data memory. 

Obviously, main must he in memory at all times. Beyond main, each called function 

must he in memory only while it or any ol its called functions are active. 

Although the program code for a function may he in memory at all times, the local 

variables for the function are available only when it is active. Furthermore, more than one 

version of the function can he active at a time. In this case, multiple copies of the local 

variables arc allocated, although only one copy of the function is present. The memory 

facility for these capabilities is known as the stack memory. 

In addition to the stack, a memory allocation known as the heap is available. Heap 

memory is unused memory allocated to the program and available to he assigned during its 

execution. It is the memory pool from which memory is allocated when requested by the 

memory allocation functions. This conceptual view of memory is shown in Figure 10 - 12. 

 

for (i = 0; i < 3; i++) { 
for (j = 0; j < 4; j++) 

printf("%6d", *( *(table + i) + j)); 
printf( "\n" ); 

} // for i 
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Static Memory Allocation: 

Static memory allocation requires that the declaration and definition of memory be 

fully specified in the source program. The number of bytes reserved cannot he changed 

during run time. This is the technique we have used to this point to define variables, arrays, 

pointers, and streams. 

Dynamic Memory Allocation: 

Dynamic memory allocation uses predefined functions to allocate and release memory 

( or data while the program is running. It effectively postpones the data definition, but not the 

data declaration, to run time. 

To use dynamic memory allocation, we use either standard data types or derived types 

that we have previously declared. Unlike static memory allocation, dynamic memory 

allocation has no identifier associated with it; it has only an address that must be used to 

access it. Io access data in dynamic memory; therefore, we must us a pointer. 

Memory Allocation Functions: 

lour memory management functions are used with dynamic memory. Three of them, 

malloc, calloc, and realloc, are used for memory allocation. The fourth, free, is used to return 

memory when it is no longer needed. All the memory management functions are found in the 

standard library file ( stdlib .h ). The collection ol memory functions is shown in Figure 10- 

14. 

 

Block Memory Allocation (malloc): 

The malloc function allocates a block of memory that contains the number of bytes 

specified in its parameter. It returns a void pointer to the first byte of the allocated memory. 
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void * malloc (size_t size); 

 

The allocated memory is not initialized. We can use that uninitialized memory. The malloc 

function declaration is shown below. 
 

 

The type, size_t is defined in several header files including stdio.h. The type is usually 

an unsigned integer, and by the standard it is guaranteed to be large enough to hold the 

maximum address of the computer. 

To provide portability, the size specification in malloc's actual parameter is generally 

computed using the sizeof operator. For example, if we want to allocate an integer in the 

heap, we code the call as shown below. 

pint = malloc (sizeof (int)); 

malloc returns the address ol the first byte in the allocated. However, if it is not 

successful , malloc returns a memory space NULL pointer. 

Contiguous Memory Allocation (calloc): 

The second memory allocation function, calloc, is primarily used to allocate memory 

for arrays. It differs from malloc only in that it sets memory to null characters. The calloc 

function declaration is shown below. 

 
The result is the same for both malloc and calloc when overflow occurs and when a 

zero size is given. 

Reallocation of Memory (realloc): 

The realloc function can he highly inefficient and therefore should be used advisedly. 

When given a pointer to a previously allocated block of memory, realloc changes the size of 

the block by deleting or extending the memory at the end of the block. If the memory cannot 

be extended because of other allocations, realloc allocates a completely new block, copies the 

existing memory allocation to the new allocation, and deletes the old allocation. The 

programmer must ensure that any other pointers to the data are correctly changed. 

 
Releasing Memory (free): 

When memory locations allocated by mailoc, calloc, or realloc arc no longer needed, 

they should be freed using the predefined function free. 

 
Releasing memory does not change the value in a pointer. It still contains the address 

in the heap. So, after free the memory we can clear the pointer by setting it to NULL. 

void free (void* ptr ); 

void* realloc (void* ptr, size_t newSize); 

void *calloc (size_t element-count, size_t element_size); 
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#include <stdio.h> 
#include <string.h> 
#include <stdlib.h> 
main() { 
char *ptr; 
ptr = malloc(20); 
//or ptr = calloc(20,sizeof(char)); 
strcpy(ptr," Problem solving "); 
printf("ptr : %s\n",ptr); 
ptr = realloc( ptr,100); 
strcpy(ptr," Programming for problem solving"); 
printf("ptr : %s\n",ptr); 
free(ptr); 
} 

OUTPUT: 
ptr : Problem solving 
ptr : Programming for problem 

solving 

Array of Pointers: 

This structure is especially helpful when the number of elements in the array is 

variable. The following table is an example of array of pointers. 

 

It is a two-dimensional array in which only one row (1) is full. The rest of the rows 

contain from one to four elements. This array is also known as a ragged array because the 

right elements in each row may be empty. 

If we use a two-dimensional array for storing these numbers, we are wasting a lot of 

memory. The solution in this case is to create five one-dimensional arrays that are joined 

through an array of pointers. One implementation of this concept is seen in Figure along with 

the statements needed to allocate the arrays in the heap. 

 
int** table ; 
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Programming Applications: 

The first is a rewrite of the selection sort, this time using pointers. The second uses 

dynamic arrays. 

Pre-processor Commands: 

The C compiler is made of two functional parts: a pre-processor and a translator. The 

pre-processor uses programmer-supplied commands to prepare the program for compilation. 

The translator converts the C statements into machine code that it places in an object module. 

 

The preprocessor can he thought of as a smart editor. Like a smart editor, it inserts, 

includes, excludes, and replaces text based on commands supplied by the programmer. All 

preprocessor commands start with a pound sign (#). 

File Inclusion: 

The first and most common job of a preprocessor is file inclusion, the copying of one 

or more files into programs. The files are usually header files that contain function and data 

declarations for the program, but they can contain any valid C statement. 
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The preprocessor command is #include, and it has two different formats. The first 

format is used to direct the preprocessor to include header files from the system library. In 

this format, the name of the header file is enclosed in pointed brackets. The second format 

makes the preprocessor look for the header files in the user-defined directory. In this format, 

the name of the file pathname is enclosed in double quotes. The two formats are shown 

below: 

 
The following diagram explains the above two cases. 

 

Macro Definition: 

The second preprocessor task is expanding macro definition. A macro definition 

command associates a name with a sequence of tokens. The name is called the macro name 

and the tokens are referred to as the macro body. A macro definition has the following form: 

 
The body is the text that is used to specify how the name is replaced in the program 

before it is translated. Before we discuss different applications of the macro definition, let us 

clarify two important issues: 

1. Macros must be coded on a single line. If the macro is too long to fit on a line, we must 

use a continuation token. The continuation token is a backslash (\) followed immediately 

by a newline. If any whitespace is present between the backslash and the newline, then 

the backslash is not a continuation token, and the code will most likely generate an error. 

An example of a macro continuation is shown below: 

 
2. We need to be careful in coding the macro body. Whenever a macro call is encountered, 

the preprocessor  replaces the  call with the  macro  body. If  the  body is not created 

#define PREND \ 
printf ( "Normal end of program PA5-01./n"); 

#define name body 

# include <filename.h> 

# include "filepath.h " 
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… 
num = ANS; 
… 

num =- 0; //we need num=0; 

 

carefully, it may create an error or undesired result. For example, the following macro 

definition: 

 
creates a compile error when it is used as shown below: 

 

After preprocessing, the result would be 
 

which is not what we wanted. 
 
 
 

Coding Defined Constants: 

the simplest application of a macro is to define a constant. The following shows an 

example of a define command for constant definition. the name is SIZE, and the body is 9. 

whenever in the program SIZE is encountered it is replaced with 9. 

 
Macros That Simulate Functions: 

The preprocessor’s macro is used to simulate functions. we discuss using macros in 

place of functions, first for functions with no parameters and then for functions with 

parameters. 

Macros to Simulate Functions without Parameters: 

When we simulate a function with a macro, the macro definition replaces the function 

definition. The macro name serves as the header and the macro body serves as the function 

body. 

 

 

 

 

 

#define SIZE 9 

#define ANS = 0 
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x = SQUARE (5) ; 

x = PRODUCT (5, 5); 

x = (5) * (5); 

Macros to Simulate Functions with Parameters: 
 

we can also use macro definitions to simulate a simple function with parameters. In 

this case, the replacement of the macro is done in 2 steps. 

 

1. The body of the macro replaces the macro call with the same actual parameters used in the 

macro definition. 

2. The actual parameters are replaced with formal parameters. 

Nested Macros: 

It is possible to nest macros. C handles nested macros by simply rescanning a line 

after macro expansion. therefore, if an expansion results in a new statement with a macro, the 

second macro will be properly expanded. for example, consider the following shown macros. 

 
The expansion of 

 

results in the following expansion: 
 

which after rescanning becomes 
 

Undefining Macros: 

Once defined, a macro command cannot be redefined. Any attempt to redefine it will 

result in a compilation error. However, it is possible to redefine a macro by first undefining it, 

using the #undef command and defining it again as shown below: 

 
Predefined Macros: 

The C language provides several predefined macros. Table lists some of them. Note 

that these macros cannot be undefined using the undef command. 

#define SIZE 10 
#undef SIZE 
………. 
# define SIZE 20 

#define PRODUCT(a, b)(a) * (b) 
#define SQUARE(a) PRODU CT ( a , a ) 
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PRINT VAL (amt); 

printf ("amt" "contains: %d\n" / amt); 

printf ("amt contains: %d\n", amt); 

int FORM(A,1) = 1; 

float FORM (B, 3) = 1.1; 

 
 

 

Operators Related to Macros: 

C provides several operators that are directly or indirectly related to macros. We 

briefly discuss them here. 

String Converting Operator (#): 

The string converting operator ( #) is a macro operation that converts a formal 

parameter into a string surrounded by quotes. For example, the following macro prints the 

name of a variable followed by its value. It can he a very helpful macro when debugging a 

program. 

 
when called in a program, as shown in the following example 

 

the preprocessor expands the macro to 
 

Recall that the preprocessor automatically concatenates two string literals into one 

string. After the automatic concatenation, the statement becomes 
 

Merge Operator (##): 

Occasionally, it may he necessary to write macros that generate new tokens. With the 

merge command operator, two tokens are combined. For example, imagine we want to create 

Al, B3, and Z8 in our program. This can be done easily with the following macro definition: 

 
Now ii we use the following code: 

 

#define FORM(T, N) T##N 

#define PRINT_VAL(a) printf (# a “contains: %d\n " , ( a)) 
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Int A1= 1; 

float B3 = 1.1; 

char Z8 = 'A'; 

 
 

 
we get 

 

 

The defined Operator: 

The defined operator can he used only in a conditional compilation, it cannot he used 

in macros. The value of defined (macro-name ) is 0 il the name is not defined and 1 if it is 

defined. For example, after 

 
the value of defined (PI) is 1 and the value of ! defined (PI) is 0. 

Conditional Compilation: 

The third use of the preprocessor commands is conditional compilation. Conditional 

compilation allows us to control the compilation process by including or excluding 

statements. 

Two-Way Commands: 

The two-way command tells the preprocessor to select between two choices. 
 

The expression is a constant value that evaluates to zero or non-zero. If the value is 

non-zero, it is interpreted as true and the code after #if is included. If it is zero, it is 

interpreted as false and the code after #else is executed. 

There are two differences between this format. First, the expression does not to have 

to be included in parenthesis although it helps readability when we use parentheses. Second, 

the codes not he included in a compound statement ( ses, braces). The commands can #else 

and #endif serve as delimiters. 

#define PI 3.14 

char FORM (Z, 8) = 'A'; 
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The # if part or the else part can be empty. However, in these cases, the alternative 

formats are normally used as shown in Figure G-8. 

 
 

Two Abbreviations: 

The C language provides two additional macro commands as shown in Figure G-9. 
 

When we decompose a large project into different programs, it is common to create a 

library file that contains all of the application data types and structures. Each program in the 

project then includes the library file, ensuring that everyone has exactly the same data names 

and descriptions. 

Multi- Way Commands: 

Conditional commands can also be multi-way selecting one of the choices among 

several. in the preprocessor, we use the #elif command. the following shows the format of 

multi-way selection in the preprocessor. 



 

 

#define Denver 0 
#define Phoenix 0 
#define SanJose 1 
#define Seattle 0 

 
#if ( Denver) 
#include "Denver.h" 
#elif (Phoenix ) 
#include "Phoenix.h" 
#elif (SanJose) 
#include "SanJose.h" 
#else 
tinclude "Seattle.h " 
#endif 

 
 

Other Commands: 

Line Command: 

The line command, which is used in two formats, can set the line number and the 

filename for a program, for example 

 
Sets the next line of the program to 100. the line number does not show in the source 

code, but it can be checked by the predefined command.     LINE . the second format sets 

the line number and defines a name for the program. For example 

 
Sets the next line number to 100 and creates a name for the program that can be 

checked by the predefined macro call    FILE . 
 

#line 100 "myprogram.c" 
#include <stdio.h> 
int main (void) { 
// Statements 
printf ("line %d\n",     LINE ); 
printf ("file %s\n",     FILE ); 
printf ("line %d\n",     LINE ); 
return 0; 
} // main 

Output: 

line 106 

file myprogram.c 

line 108 

Error Command: 

The error command is of the form 
 
 

#line 100 "MyProgram.c" 

# line 100 



 

 

#error message 

#error You need to defined FALSE too. 

#pragma tokens 

 

It is used to print the message detected by the preprocessor. For example, Program 

demonstrates code that verifies that a program needs to define both TRUE and FALSE or 

neither of them and prints an appropriate message when an error is detected. 

#define TRUE 1 
#if defined (TRUE) && !defined (FALSE) 

#error You need to defined FALSE too. 
#elif defined ( FALSE ) & & !defined ( 
TRUE ) 
#error You need to defined TRUE too. 
#endif 
#include <stdio.h> 
int main ( void ){ 
/ / Statements 
printf ( "Just a test \ n" ) ; 
return 0 ; 
} / / main 

Error : pre-processor #error command 

ApG-04 .c line 8 #error You need to 

defined FALSE too. 

When this program is compiled, we get 
 

Pragma Command: 

The pragma command 
 

Causes the compiler to perform implementation-defined actions. 

Null Command: 

It is interesting to mention that C language allows a null command. A command of the 

type # is considered a null command and does not generate a compilation error. 
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FUNCTIONS-MODULAR PROGRAMMING 
A function is a self-contained block of statements to perform a sub task in a program. It 
can be referred as a module or procedure or a subtask.   There are two different 
categories in functions, system defined and user defined functions.  
 
 

 System defined functions/Library Functions:  
o A system-defined function is a subprogram, which is prewritten by the 

compiler.  
o There is a library in C for system defined functions.  
o For example, printf(), scanf(), clrscr(), getchar() etc.,  

 User Defined Functions: 
o User may require a function, which performs a specific task of his own.  
o In such cases, C permits user-defined functions. 
o For Example: main( ), add( ), Sub( ), mul( ),div( ) 

 
Differences between  User defined and Library Functions 

User-defined functions Built-in-functions 
The function that are defined by the 
programmers according to the 
requirements of the program are called 
user-defined functions 

Built-in-function are commonly required 
functions that are not grouped together 
and are stored in a library. 

These functions can be modified by 
the programmers. 

These functions are not modifiable. 

They are not predefined. They are predefined. 
These are written by programmers These are not written by the programmers 
White space between the function name 
and 
Parenthesis () causes an error. 

White space between the function names 
and parenthesis () are ignored in case of 
built-in functions 

Not already available, hence are created 
when required. 

Already available for the programmers to 
call 

Their definitions can appear anywhere in a 
program 

Their definitions appear in standard 
libraries 

They must be declared before they are 
used 

Declarations of the built-in function are 
not required 

Ex:- display(), area(), etc Ex:- cos(x), sqrt(x), sin(x), etc 
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Advantages of Functions: 
o Program debugging is made easy if a C program contains functions. 
o Functions allow a larger task to be subdivided into several smaller tasks, so that 

they can be managed easily. 
o The length of the source program can be reduced to a maximum extent using 

functions. 
o The same function can be used for many programs once it is written. 
o Functions may increase program execution speed. 
o Functions improve optimum utilization of memory. 
o Functions are more reliable.  

 
Every function has its own significance and provides a separate scope for variables. A 
function requires three different types of statements to be specified by the user.  
 
Structure of a Function:   
 
 return type function - name (data type arg1, data type arg2…..) 
 { 
  local variable declarations ; 
  // body of function 

 ……………………. 
 return(expression); 

 } 
 
Function prototype declaration  
Syntax: 

return_type function_name (type parm_namel, type parm_name2, . . . , type 
parm_nameN); 

 In C, all functions must be declared before they are used. This is 
normally accomplished using a function prototype. 

 The function prototype tells the compiler about the function name, 
type of arguments to be passed and return type. 

 The compiler will also catch differences between the number of 
arguments used to call a function and the number of parameters in 
the function definition. 

 
 Function Definition: 

When a function is defined, space is allocated for that function in the memory. A 
function definition comprises two parts: 

Function header: it consists of three parts 
 return-type: The return-type specifies the type of data that the 

function returns. A function may return any type of data except 
an array. 

 Function name: The function name is an identifier by which 
this function will be known, and obeys the same naming rules as 
applied to variable names. 
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 The parameter list is a list of variable names and their 

associated types. The parameters receive the values of the 
arguments when the function is called. A function can be 
without parameters, in which case the parameter list is empty. 
An empty parameter list can be explicitly specified as such by 
placing the keyword void inside the parentheses. 

 
Function body: 
The function body contains a collection of statements that define what the 
function does. 
The Return Statement: 
The return statement exits the called function and returns control back to the 
calling function. Once a return statement is executed, no further instructions 
within the function are executed. A single return value may be returned. 

 
 Function calling 

The function call statement invokes the function, which means the program control 
passes to that of the function. Once the function completes its task, the program 
control is passed back to the calling environment. 
 

Syntax: function_name ( arguments list ); 
or  

function_name ( var1,var2,…. ); 
 
 
 As C supports top down approach in executing the programs, explicit declaration of 

the functions must be required in a program.  
 Every function requires definition without which the system is able to perform 

nothing. Literally the user has nothing to do without defining any function. 
 Unless the user makes an explicit call to the function, the function declaration & 

definition have no significance and they perform nothing. 
 Hence the above three statements are essential for implementing functions. 
 
Types of Functions: 
In C, functions are divided into the following categories: 
 System Defined Functions 
 User Defined Functions 

Basic Function Designs/ Function calling types: 

Both system defined and user defined functions may fall in the following category: 
 Functions with no arguments and no return type. 
 Functions with arguments and no return type. 
 Functions with arguments and return type. 
 Functions with no arguments and return type. 
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o Functions with no arguments and no return type: 
In this category of function, the caller function does not send any argument to the 
function and the called function does not return any value. 
 
 
       NO INPUT 
 
 
     NO OUTPUT 
 
 
 
                       Calling function    calledfunction 
Ex:    Program to print name 10 times 
       # include <stdio.h> 
        main( ) 
         {     

           display( ); 
         } 

void display( ) 
 { 
     int i; 

   for(i=1;i<=10;i++) 
                printf(“\n sai”); 
} 

   
o Functions with arguments and no return type: 

In this category of function, the caller function sends one or more values to called 
function but in return the called function does not return any value. 
 
 
       INPUT 
 
 
     NO OUTPUT 
 
      
 
                       Calling function    calledfunction 
 
Ex:    Program to print name 10 times 
       # include <stdio.h> 
        main( ) 
         {     
          int n=10; 
           display(n); 
         } 

void display( int n ) 
   { 

Function1(  ) 

{ 

…… 

……. 

Function2( ); 

} 

Function2(  ) 

{ 

//body of 

function 

} 

 

Function1(  ) 

{ 

…… 

……. 

Function2(arg ) 

} 

Function2( arg)  

{ 

//body of 

function 

} 
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       int i; 
      for(i=1;i<=n;i++) 
           printf(“\n sai”); 
    } 

   
o Functions with arguments and return type: 

In this category of function, the caller and called functions send values to one 
another. 
 
 
       INPUT 
 
 
      OUTPUT 
 
      
 
                       Calling function    calledfunction 
 
Ex:    Program to print sum of numbers upto 10 
       # include <stdio.h> 
        main( ) 
         {     
          int n=10,sum; 
           sum=display(n); 
           printf(“\n sum=%d”,sum);   
         } 
int display( int n ) 
   { 
    int i,sum=0; 
     for(i=1;i<=n;i++) 
            sum+=i; 
          return sum; 
} 
 

o Functions with no arguments and return type: 
This category of function doesn’t accept any value from the caller function but 
returns one value back to the caller. 
 
    INPUT 
 
 
      OUTPUT 
 
      
 
           Calling function    calledfunction 
 
 

Function1(  ) 

{ 

…… 

……. 

Function2(arg ) 

} 

Function2( arg)  

{ 

//body of 

function 

} 

 

Function1(  ) 

{ 

…… 

……. 

Function2(arg ) 

} 

Function2( arg)  

{ 

//body of 

function 

} 
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Ex:    Program to print sum of numbers upto 10 
       # include <stdio.h> 
        main( ) 
         {     
          Int sum; 
           sum=display( ); 
           printf(“\n sum=%d”,sum);   
         } 
int display( ) 
   { 
    int i,sum=0; 
     for(i=1;i<=10;i++) 
            sum+=i; 
          return sum; 
} 

 
/* program to  add two numbers using a function */ 
#include<stdio.h> 
int adding(x,y) 
int x,y; 
{ 

 int res; 
 res = x+y; 
 return(res); 

} 
main() 
{ 

   int a,b,c; 
   clrscr(); 
   printf("enter a,b"); 
   scanf("%d%d",&a,&b); 
   c=adding(a,b);    /* Function Call */ 
   printf("the sum of %d and %d is %d\n",a,b,c); 
   getch(); 

   } 
 

/*program to find GCD of two  numbers  using a function*/ 
 
#include<stdio.h> 
int gcd(u,v) 
int u,v; 
{ 

 int temp; 
 while(v>0) 
 { 
   temp=u%v; 
   u=v; 
   v=temp; 
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 } 
 return(u); 
} 

main() 
{ 

     int m,n,g; 
     clrscr(); 
     printf("enter m and n"); 
    scanf("%d%d",&m,&n); 
     g=gcd(m,n);    /* Function Call */ 
     printf("the gcd of %d and %d is %d\n",m,n,g); 
     getch(); 
    }  
 

 
Inter-Function Communication/ Parameter passing techniques Or Types of 

Function calls or types of parameter passing 
In a computer language, there are two ways that arguments can be passed to a 
subroutine. They are, 
 

1. Downward communication/ Call by value 
2. Bi-directional communication / Call by reference 

 
Call by value:       
 In ‘call by value’ method, the ‘value’ of each of the actual arguments in the 

calling function is copied into corresponding formal arguments of the called 
function (subroutine). 

 With this method, the changes made to the formal arguments in the called 
function have no effect on the values of actual arguments in the calling 
function. 

 In call by value method, the value of the variable is passed to the function as 
parameter. 

 The value of the actual parameter cannot be modified by formal parameter. 
 Different Memory is allocated for both actual and formal parameters. Because, 

value of actual parameter is copied to formal parameter. 
 
 
 
Ex: Call by Value  - Swapping of Two Number 

#include <stdio.h>  
#include<conio.h> 
void swapv(int, int);  
 
void main () 
{ 

Int a=10,b=15;  
clrscr(); 
printf("a  and  b before swapping: a=%d,  b= %d",a,b); 
 swapv(a,b); /// function call statement 
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printf("\n  a and b after swapping: a=%d,  b=%d",a ,b); 
getch(); 

} 
void swapv(int x, int y)  
{ 

 int temp; 
temp = x;  
x = y;  
y = temp; 

} 
 
Output: 
a  and  b before swapping: a=10,  b= 15 
a  and  b before swapping: a=10,  b= 15 
The values of a and b can’t be interchange 
 

Call by reference: 
 In call by reference method, the addresses of actual arguments in the calling 

function are passed to the called function. Since the address of the argument is 
passed to the function , if there is any change occurs in the formal parameters 
it will be effect the actual parameters 

 In call by reference method, the address of the variable is passed to the 
function as parameter. 

 The value of the actual parameter can be modified by formal parameter. 
 
 
Ex: Call by Reference or Call by Address - Swapping of Two Number 

#include <stdio.h>  
#include<conio.h> 
 
void swapr(int *, int *);  
 
void main () 
{ 

int a=10,b=15;  
clrscr(); 
printf("a  and  b before swapping: a=%d,  b= %d",a,b); 
 swapr(&a,&b); /// function call statement 
printf("\n  a and b after swapping: a=%d,  b=%d",a ,b); 
getch(); 

} 
 
void swapr(int *x, int *y)  
{ 

 int temp; 
temp = *x;  
*x = *y;  
*y = temp; 

} 
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Output: 
a  and  b before swapping: a=10,  b= 15 
a  and  b before swapping: a=15,  b= 10 
 The values of   a  and b is interchanged 

 
In the program, the variable i is assigned the value 10, and j is assigned the value 20. 
Then swap( ) is called with the addresses of i and j. (The unary operator & is used to 
produce the address of the variables.) Therefore, the addresses of i and j, not their 
values, are passed into the function swap( ). 

 
Program to find factorial of a given number. 
 
main() 
{ 
 void fact(); 
 clrscr(); 
 fact(); 
 getch(); 
} 
void fact() 
{ 
 int x; 
 long int f=1; 
 printf("\n Enter a number to find factorial : "); 
 scanf("%d",&x); 
 while(x>0) 
 { 
  f = f * x; 
  x--; 
 } 
 printf("\n Factorial of given number is : %ld",f); 
} 
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RECURSION 
 Recursion is a process by which a function calls itself repeatedly, until some 

specified condition is true.  
 A function is called ‘recursive’ if a statement within the body of a function calls the 

same function. Sometimes called ‘circular definition’.  
 Recursion is a process of invoking a function by itself.  

 
Program to find the Factorial of a given numbers using recursion 
 
  int fact(int); 
  void main() 
  { 

    int n,f; 
    printf(“Enter n”); 
    scanf(“%d”,&n); 
    f = fact(n); 
    printf(“factorial of %d is  %d”,n,f); 
    getch(); 

  } 
  int fact(int n) 
  { 

     if(n==1) 
      return 1; 
    else 
     return n*fact(n-1); 

  } 
 
Execution Procedure: 
First main() calls fact(). While executing fact(), compiler checks value of n. If it is 1 
returns back to main() other wise it calls fact(n-1) and the process continues. I.e., 
Let us assume  
Here    fact(1) = 1 
 fact(2) = 2*fact(1) = 2 * 1 = 2 
 fact(3) = 3*fact(2) = 3 * 2 = 6 

fact(4) = 4*fact(3) = 4*6 = 24 
 fact(5) = 5*fact(4) = 5*24 = 120. 
 
Program to find sum of first n natural numbers using recursion 

 
#include <stdio.h> 
 int sum(int); 
void  main() 
{ 

int n; 
printf("\n Enter a your Range: ");  
scanf("%d",&n); 
printf("\n Sum of Natural Number are : %d",sum(a,b)); 
getch(); 

    } 
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int sum(int n) 
{ 
 if(n==0)  
  return n; 
  else  
  return n+sum(n-1);   
} 

 
Execution Procedure: 

sum(5) 
=5+sum(4) 
=5+4+sum(3) 
=5+4+3+sum(2) 
=5+4+3+2+sum(1) 
=5+4+3+2+1+sum(0) 
=5+4+3+2+1+0 
 

The main advantage of recursive functions is that the user can use them to create 
clearer & simpler versions for several programs. Usually recursive functions are used to 
provide solutions for operations on stack & trees. 
 
GCD using Recursion 

#include <stdio.h> 
 int gcd(int , int); 
void  main()  
{ 

int n1, n2,num,den;  
clrscr();  
printf("Enter two positive integers: ");  
scanf("%d %d", &n1, &n2); 
if(n1>n2)  
{ 

 num=n1;  
den=n2; 

} 
 else  
{  

num=n2;  
den=n1; 

} 
printf("G.C.D of %d and %d is %d.", n1, n2, gcd(num,den));  
getch(); 

} 
int gcd(int num, int den) 
{ 

if (den != 0)  
 return gcd(den, num%den); 
 else  
 return num; 
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} 
Output: 
Enter two positive numbers 4 8 
G.C.D of 4 and 8 is 4. 

 
  Recursion Iteration 
In recursive approach, the function calls 
itself until the condition is met. 

Iterative approach is a repetition process 
until the condition fails. 

it is slower than iteration Here code may be longer but it is faster 
than recursive. 

it uses more memory than iteration. It consumes less memory compared to 
recursive approach. 

tracing the code will be more difficult in 
the case large programs. 

Tracing the code is easy. 

 
Passing an array to function: 
Whenever we need to pass a list of elements as argument to any function in C language, 
it is preferred to do so using an array. But how can we pass an array as argument to a 
function 
Ex:- int sum (int arr[]); 
 
Example Program: 
#include<stdio.h> 
float findAverage(int marks[]); int main() 
{ 

float avg; 
int marks[] = {99, 90, 96, 93, 95}; 
avg = findAverage(marks); // name of the array is passed as argument. 
printf("Average marks = %.1f", avg);  
return 0; 

} 
float findAverage(int marks[]) 
{ 

int i, sum = 0; float avg; 
for (i = 0; i <= 4; i++)  
{ 

 sum += marks[i]; 
} 
avg = (sum / 5); return avg; 

} 
 
Output: 94.6 
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Passing pointer to function:  
we are passing a pointer to a function. When we pass a pointer as an argument instead 
of a variable then the address of the variable is passed instead of the value. So any 
change made by the function using the pointer is permanently made at the address of 
passed variable. 
#include<stdio.h> 
void swap(int *a, int *b); int main() 
{ 

int m = 22, n = 44; 
printf("values before swap m = %d \n and n = %d",m,n); 
swap(&m, &n); 
printf("\n values after swap m = %d \n and b = %d", m, n); 

} 
void swap(int *a, int *b) 
{ 

int tmp; tmp = *a; 
*a = *b; 
*b = tmp; 

} 
Output: 
values before swap m = 22 and n = 44 
values after swap m =  44 
and n = 22 
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File: 
A file is a collection of character data or a file is a collection of discrete data or a file can 
be a collection of several records. A file can be assumed as a stream. A stream may be 
assumed as flow of character data. C supports several predefined functions to have 
access to files. 
 
A file is a collection of related data structure pertaining to a single entity. A file having 
payroll data processes the information of pay elements and not about the personal and 
educational information of an employee. So we can say file has mainly two basic 
elements: information and a single entity. In C the word stream is used in place of a file. 
A stream may be device like printer or monitor or a file containing stream of bytes. So 
stream is finite continuous flow of bytes (read, write storage is the flow of bytes) that go 
either as an output to a file or come as an input the file. 

 
Types of Files: 
There are two mainly types of Files used in the C programming. These are represented 
as below: 
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Standard I/0 is the easier and popular way for handling and processing the files, 
Standard I/0 is also called Stream I/O files. Mainly we will study here Standard I/O 
Files. There are mainly two types of streams modes occur.  
 

o Text Mode: 
All the text streams consist of lines of characters (string of characters) and each 
line is terminated by a combination of carriage return (CR) and linefeed {LF}. 
when Enter key is pressed. It is the pair, which is translated into a single new line 
character ('\n') as input and the new line is translated back to a combination of 
two characters carriage return and linefeed. 
  

o Binary Mode: 
No such types of translation take place. All characters are processed without 
change. Binary files store floating point data more accurately and stored in 
compact way as compared to the text files. In binary mode characters are stored 
and processed as in the main memory. 

 
There are different types of File Organization occurs in the file handling or handling the 
data in the files. There are four types of file organization ways: 
 

o Sequential-access File Organization 
o Indexed Sequential File Organization 
o Indexed Non-Sequential File Organization 
o Direct or Random access File Organization (Relative File Organization) 

 
Stream- File Processing 

In general, there are four steps to processing a file. We first create the stream. We then 
open the file, which associates the stream name with the file name. Once the file is 
opened, we read or write data; that is, we process the file. When the processing is 
complete, we close the file. 

 

Creating a Stream  

We create a stream when we declare it. The declaration uses the FILE type as shown in 
the following example. The FILE type is a structure that contains the information 
needed for reading and writing a file. 

FILE* fp; 

In this example, fp is a pointer to the stream. 

File Operations: 
The processing of files has number of operation according to the user's requirement and 
the problem definition. But some of the commonly used file operations are as follows: 

o Naming a file 
o Opening a file 
o Reading data from a file  
o Writing data to a file or creation of data file 
o Closing a file 
o Updating a file 
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Naming a file: 
File name (data file name) should not be more than eight characters and three 
characters for extension. File name can be defined and enclosed by using the fopen( ) 
high-level I/O function.  
 
The general Syntax is as follows: 

fopen ("filename", "mode"); 
 
For example, "Student.dat" is a data file name, which is defined and enclosed in the 
fopen function as: 

fopen ("Student.dat", "mode"); 
 
To define a file three things must be required. These are:  

o Filename  
o Data Structure or creating the Buffer area for files. 
o Purpose 

s we know the file name should not be more than eight characters as discussed above in 
naming the files.   
 
Data Structure used is FILE in the file definition and should be in the upper case letters. 
This contains nine structure members. These nine are gives information on status of file 
a stream covering the fill or empty level of buffer, file handler, buffer size, data transfer 
buffer, temporary file indicator, creation of buffer, buffer indicator, storage in the buffer 
and the status flag. This is also the way to creating buffer area. It is the area where 
information or data is temporary stored while being transferred between the 
computer’s memory and the data file. The buffer area can be established as: 

FILE *fn; 
Where fn is the pointer variable that indicates the beginning of the buffer area. FILE is a 
data structure, which creates the buffer area. 
There are three purposes to define and open a file according to their modes. We will 
discuss these modes in the next operation (opening a file). These are writing data into 
existing file or new file (It is also called creation of data files), reading data from the data 
file and appending (inserting data into file) data file. 
 
Opening a file: 
A file is opened by using fopen (), in-built high-level input/output function. The general 
format for declaring and opening a file is as: 

FILE *fp; 
fp =fopen("filename", "mode"); 

 
Where FILE is the data structure and is the low level reserve word of C Language for the 
creating a buffer area as discussed already. Here fp is the file pointer tells us beginning 
of the buffer area for storing the data, filename is the name of the data file having less 
than eight characters, mode is the way file is opening and there are three modes in 
opening the files. These are as follows: 

o w Open the file for writing only  
o r Open the file for reading only  
o a Open the file for appending only. 

 



 
Ram’s C – Programming                     UNIT - V 

 17 

Note that when you use "w" mode, new file will be created, If the file is already created, 
then it will overwrite the data.  
For example, some valid file opening statements are as: 
 
FILE *pl, *p2, *p3; 
P1 = fopen("Ramu", "r");       /* file opened for reading the data from "Ramu" file 
p2 = fopen ("hanuman”,"w");   /* file opened for wring the data to "hanuman" file 
p3 = fopen ("sai", "a"); /* file opened to insert more data to "sai" already created  
   data file */ 
Note that some compiler use "r+", "w+" and "a+" mode, which have meaning as: 
  r+ both for reading and writing 
  w+ both for reading and writing 
  a+ both for reading and appending 
 
Also there are three more modes related with the binary mode files: 
  rb reading the binary files 
  wb writing the binary files 
  ab appending the binary files 
Some more modes linked with binary files are "r+b", "w+b", "a+b". 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Closing a file: 
A file, which is opened in any mode, should be closed. For this purpose fclose( ) 
high-level input/output function is used.  
The general syntax is as: 
   fclose (file-pointer); 
For example, 
                                      FILE *fl; 

fl = fopen ("Ramu", "w"); 
fclose(fl); 
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Example 1: 
#include<stdio.h> 
#include<conio.h> 
void main() 
{ 

 FILE *p; 
 char name[20]; 
 char ch; 
 clrscr(); 
 puts("Enter any file name"); 
 gets(name); 
  p =  fopen(name,"r"); 
  if(p==NULL) 
  { 
    printf("File Not Found !!"); 
    exit(0); 
  } 
  else 
  { 
   while(!feof(p)) 
   { 
     ch = fgetc(p); 
     printf("%c",ch); 
   } 
   } 
   fclose(p); 
  getch(); 

 } 

 

Text vs Binary file: 

 C uses two types of streams: text and binary. A text stream consists of a of 
characters divided into lines with each line terminated by a new- sequence line ( 
\ n). A binary stream consists of a sequence of data values such as integer, real, 
or complex using their memory representation.  

 In text files, everything is stored in terms of text i.e. even if we store an integer 
54; it will be stored as a 3- byte string - “54\0”. In a text file certain character 
translation may occur. For example a newline (\n) character may be converted to 
a carriage return, line feed pair. 

 A binary file Contains data that was written in the same format used to store 
internally in main memory. For example, the integer value 1245 will be stored in 
2 bytes depending on the machine while it will require 5 bytes in a text file. The 
fact that a numeric value is in a standard length makes binary files easier to 
handle. No special string to numeric conversions is necessary. 
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Standard Library Input/output Functions 

The stdio.h header file contains several different input/output function declarations. 
They are grouped into eight different categories. 

 

Input and Output Statements in File Handling: 

Files have different Input/output statements used for different purposes. These are 
used to put data from variable to data file.  
 
The various Input/output functions used with standard I/0 are discussed as below: 
 

o Character Input/Output (Standard I/O) 
o String Input/Output (Standard I/O) 
o Formatted Input/Output (Standard I/O) 
o Record (Block) Input/Output (Standard I/O) 

 
Character Input/Output Functions:  
Now there need to be handle character data by using the following high-level 
input/output functions. There are mainly four character i/0 used which are discussed 
as: 
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o putc(): 
This function is used to put or write a single character in the data file pressed 
from the keyboard.  
 
The general syntax used is as: 

putc (v,file-pointer); 
 
Here putc( ) is the high level character 1/0 function used in the C-Language, v is 
variable name of character type. Note that when you use putc (), file should be 
open in "w" mode. It means a new file will be created or it overwrites the data to 
an existing created file.  

 
o getc ( ): 

The purpose of getc( ) function is to read a single character from the existing 
data file.  
The general syntax used for this purpose is as: 

v = getc(fp); 
 
Where fp is the file pointer, v is the character type variable and getc( ) is the 
high-level input/output function used for reading the character data. Note that 
the file should be opened in the read mode only and also file should be already 
created. Also note that data be stored in the file before reading, otherwise it 
shows the empty space. 

 
o putw ( ): 

This function is used to put or write a single integer digit in the data file pressed 
from the keyboard. Note that when you use putw( ) function, file should be 
opened in the "w" mode. The general syntax used for this statement is as:  

putw (v,file-pointer);  
Here v is the integer variable name.  

 
 

o getw( ): 
The purpose of getw( ) is to read a single integer value from the data file. The 
general syntax is as:   

v = getw (fl); 
 
Here v is the integer variable and fl is the file pointer, getw( ) is the high level 
input/output function.  
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String Input/Output: 
Strings are the major element of the character data, which can be handled by the files. It 
is very easy to handle group of characters instead if individual character using the file 
operations.  
 
There are mainly two types of string 1/0 functions used. These are as follows:  

1. fputs( ) 2. fgets ( ) 
 

o fputs ( ): 
The purpose of this file is to write a string to the opened file in write mode. The 
general syntax used is as follows: 

fputs (ab, fp); 
Where fp is the file pointer and A is a pointer, which points to an array of 
characters. For example, below written are the valid statements for the proper 
use of fputs ( ). 
 

FILE *fp; 
char ab[20];  
fp =fopen( "Hanuman", "w");  
fputs(ab,fp);  
 

/* Program to illustrate the concept of writing the string by using the fputs( ) */ 
main( ) 
{ 

FILE *f; 
char xy[50];  
printf("\n Enter any string from the keyboard “); 
gets(xy);  
f = fopen("Hanuman", "w"); 
fputs( xy, f);  
fclose(f);  
getche( ); 

} 
 
Output: 
 
Enter any string from the keyboard: ramu  

 
 
 
 

o fgets( ): 
The purpose of this file is to read a string from the opened file in read mode. The 
general syntax used is as follows: 

 
fgets (ab, n, fp); 

Where fp is the file pointer, ab is a pointer, which points to an array of characters 
and n is the length of the array (size of the array). For example, below written are 
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the valid statements for the proper use of gets FILE *fp; char ab[20]; int n; 
printf("\n Enter the value of n:"); scanf("%d", &n); fp =fopen( "Mona", "r"); 
fgets(ab, n, fp);  
 
 
This can be further explained by taking an example of a C program as: 
 
/* Program to illustrate the concept of reading a string by using the fgets() */ 
main( ) 
{ 

FILE *f; 
char xy[50], ab[50];  
int i=0;  
printf("\n Enter any string from the keyboard “); 
gets(xy);  
f = fopen("Mona", "w");  
fputs( xy, f);  
fclose(f);  
f = fopen("Mona", "r"); 
printf("\n Entered string is “); 
if(fgets(ab,50,fp) !='\0') 
{ 

while(ab[i] !='\0') 
  { 

putchar(ab[i]);  
i++; 

}  
}  
fclose(f); 
getche( ); 

} 
 
Output: 
Enter any string from the keyboard: Sai Kumar 
Entered string is : Sai Kumar 
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Formatted Input/output (OR) Formatting Input/output functions: fscanf() and 
fprintf() 
 
We have discussed here character I/O and string I/O function to enter single character 
and group of character data. Now question arises how you can handle mixed data. i.e. 
data of integer, float, double and character type. The answer is the formatted 
Input/Output functions.  
 
There are mainly two formatted I/O functions are used: 
 

o fprintf ( ): 
The function fprintf( ) is to write mixed data type in the data file. The mixed data 
type are of integer, float, double, string and character type. The general syntax 
used for this purpose is as follows: 
 
 fprintf (fp, "Control String", V1, V2,…… Vn); 

 
 
Where fp is the file pointer, control string has all format codes or 

character conversion codes (like % d for integer, %f for float value, % s for the 
string data, % c for character only etc.), which are used for the output statement. 
Here V1, V2,… vn is the list of variable. Note that the file should be opened in the 
write mode. For example, Write a C-program to explain the concept of fprintf I/O 
function as: 
 
/* Program to illustrate the concept of to write mixed data by using fprintf ( ) */ 
main ( ) 
{ 

FILE *f1; 
f1 = fopen("Raj", "W"); 
int M; 
float fees;  
char name [20];  
printf (" \ n Enter the roll no., fees and name of the student: “); 
scanf ("%d %f %s", &rn, &fees, name);  
fprintf ( f1, " % d % f % s", rn, fees, name);  
fclose (fl);  
getche( ); 

} 
 
The Output be: 
Enter the roll no., fees and name of the student: 
122 
1525.50 
Sai Ram 
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o fscanf( ): 

The purpose of this function is to read mixed data from the data file. Note that 
file should be opened in the read mode only.  
The general syntax used for this function is as follows: 
 

fscanf (fp, "Control String ", & v1, & v2 ,…& vn); 
 
Where fp is the file pointer, control strings are %d for the integer data, %f 

for the float data, %s for the string , %c for the single character data etc. Here vl, 
v2......... vn are all the variables. Also here &(Ampersand sign) is used to read data 
at the address of the memory cells.  

 
For example, If you want to read data of different data-types, then a C 

program procedure be used as below: 
 

/* Program to illustrate the concept of reading mixed data using fscanf()  */ 
main( ) 
{ 

FILE *f1;  
f1 = fopen("Raj","w");  
int a;  
float b;  
char name[20];  
fscanf (f1, "%d %f %c %s", &a, &b, name); 
printf ( "\n The Entered data is :");  
fprintf (" %d %f` %c %s", a, b, name);  
fclose(f1);  
getche( ); 

} 
 
The Output be: 
122 
1525.50 
Sai ram 
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Record Input/Output (Block I/O): 
The purpose of this function is to read and write the data at once i.e. used to read or 
write the entire block (group of records) using the permanent disk storage device. 
Every blocks has some fixed size and works similar to an array or a structure. This is 
mainly used to write the numeric data (integer, long integer, float and double) to the 
disk file in the binary format. For this purpose mainly two record input/output 
functions are used.  

o fwrite( ): 
The purpose of this function is to write group of record (block) to a data file on 
the secondary storage device disk. The general syntax used for this purpose is: 
 

fwrite (p, n, s, fp); 
 

Where p is an address of an array or structure (the pointer to array of 
structure), n is the size of array or structure, s is the number of array or structure 
declared for writing the data and fp is a file pointer. File should be opened in 
binary write mode. For example, write a C program to explain the working of 
fwrite( ) function. This can be done as follows: 
 

o fread( ): 
The purpose of this function is to read group of record (block) from the existing 
created data file stored on the secondary storage device disk. The general syntax 
used for this purpose is: 

fread(p, n, s,fp); 
Where p is an address of an array or structure (the pointer to array of 

structure) where block will be stored after reading, n is the size of array or 
structure, s is the number of array or structure declared for writing the data and 
fp is d file pointer. For example, write a C program to explain the working of 
fread( ) function. File should be opened in binary read mode.  
 
It is very easy to access the data sequentially from the beginning of file to the end 
of file. But some time problem arises to access the data from the middle or from 
the particular location directly, then to solve this problem direct or random 
accessing is used. To randomly or directly accessing the data from the opened 
file, three major functions are used.  
 
Positioning functions/ Random-Access I/O: 
These functions are discussed in detail as below: 

o ftell ( ) 
o fseek ( ) 
o rewind ( ) 

 
ftell( ): 
It takes a file pointer and returns a number of long-type that corresponds 
to the current position. This function is useful in saving the current 
position of a file, which can be used later is the program. The general 
syntax used is as follows: 

n =ftell(fp); 
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Where n is the integer variable and fp is the file pointer. This 
means n bytes have already been read or written. 
 
fseek( ): 
This function is used to move the file position to a desired location within 
the file. The general syntax used is as: 

fseek (fille pointers, offset, position); 
Where file-pointer is the pointer to the file declaration, offset is a 

number or variable of type long and position is an integer number (which 
position the offset measured). 
The position has following three values: 
 
Position Value Meaning 
   0  Beginning of the file. 
   1             Current position 
   2  End of file 
 
For example, following are the some valid fseek( ) statements as: 

fseek(fp, 0L, 0)  
It means it goto the beginning of the file. It is similar to the rewind a  
file. 
fseek (fp, m, 0)  

It means pointer moves the (m+1) th byte in the file. 
fseek(fp, m, 1)  

It means pointer goes forward by in bytes. 
 
rewind( ): 
This function takes a file pointer and resets the position to the start of the 
file. The general syntax is as:  

rewind (fp); 
Where fp is the file pointer of currently opened file.  

 

Binary files: 
Standard library functions for files 

1. fread 
2. fwrite 

 

fread( ) and fwrite( ):  
To read and write data types that are longer than 1 byte, the C file system provides two 
functions: 

fread( ) and fwrite( ). 
 

These functions allow the reading and writing of blocks of any type of data. 

size_t fread (void *buffer, size_t num_bytes, size_t count, FILE *fp); 
size_t fwrite (const void *buffer, size_t num_bytes, size_t count, FILE *fp); 

 

o For fread( ), buffer is a pointer to a region of memory that 
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will receive the data from the file. 
o For fwrite( ), buffer is a pointer to the information that will be written to 

the file. 
o The value of count determines how many items are read or written, with 

each item being 
 num bytes in length. 

o fp is a file pointer to a previously opened stream. 
o The fread( ) function returns the number of items read. This value may 

be less than count 
 if the end of the file is reached or an error occurs. 

o The fwrite( ) function returns the number of items written. This value 
will equal count 

 unless an error occurs. 

 
 
Write a program to open a file in several modes 
 
#include<stdio.h> 
#include<conio.h> 
main() 
{ 
 FILE *fp; 
 /* To open file in read mode */ 
 clrscr(); 
 fp = fopen("data.txt","r"); 
 printf("\n File is opened in read mode"); 
 fclose(fp); /* To close a file */ 
 
 /* To open file in write mode */ 
 fp = fopen("data.txt","w"); 
 printf("\n File is opened in write mode"); 
 fclose(fp);  
 
 /* To open file in append mode */ 
 fp = fopen("data.txt","a"); 
 printf("\n File is opened in append mode"); 
 fclose(fp);  
 
 /* To open an existing file to read and write */ 
 fp = fopen("data.txt","r+"); 
 printf("\n Existing File is opened in read and write mode"); 
 fclose(fp);  
 
 /* To create a new file in to read and write */ 
 fp = fopen("data.txt","w+"); 
 printf("\n New File is created for read and write mode"); 
 fclose(fp);  
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 /* Open for append; open for update at the end of the file, or 
 create if the file does not exist. */ 
 fp = fopen("data.txt","a+"); 
 printf("\n File is opened in append mode for read and write."); 
 fclose(fp);  
 
 getch(); 
 } 
 
 
 
Write a program to check whether a file can be opened 
 
#include<stdio.h> 
#include<conio.h> 
 
main() 
{ 
 FILE *fp; 
 
 clrscr(); 
 
 /* To open file in read mode */ 
 fp = fopen("data.txt","r"); 
 if (fp == NULL) 
  printf("\n File can not be opened. \n"); 
  else 
  printf("\n File is opened in read mode"); 
 fclose(fp); 
 
 getch(); 
} 
 
To enter text into a file. 
 
#include<stdio.h> 
#include<conio.h> 
main() 
{ 
 FILE *fp; /* pointer to a file*/ 
 char c; 
 
 /* To open a file in write mode */ 
 fp = fopen("TEXT.TXT","w"); 
 clrscr(); 
 
 /* To accept a character by character and append it to file text.txt */ 
 printf("\n Enter text into file - terminate with ^z \n"); 
 do 
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 { 
c = getchar(); 
if(c!=EOF) 

   putc(c,fp); /* print character into file */ 
 }while(c!=EOF); 
 fclose(fp); 
 getch(); 
} 
 
To append text into a file. 
 
#include<stdio.h> 
#include<conio.h> 
main() 
{ 
 FILE *fp; /* pointer to a file*/ 
 char c; 
 
 /* To open a file in append mode */ 
 
 fp = fopen("TEXT.TXT","a"); 
 clrscr(); 
 
 /* To accept a charecter by character and append it to file text.txt*/ 
 printf("\n Enter text into file - terminate with ^z \n"); 
 while((c = getchar())!=EOF) putc(c,fp); /* print character into file*/ 
 fclose(fp); 
 getch(); 
} 
 
 
To check for existence of a file. 
 
 
#include <stdio.h> 
#include <io.h> 
 
int file_exists(char *filename); 
 
int main(void) 
{ 
 char fname[20]; 
 int fexist; 
 clrscr(); 
 printf("\n Enter file name to check    :    "); 
 gets(fname); 
 fexist = file_exists(fname); 
 if (fexist==1) 
  printf("\n %s exists in the directory...",fname); 
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 else 
  printf("\n %s does not exist in the directory...",fname); 
 getch(); 
} 
 
int file_exists(char *filename) 
{ 
 return (access(filename, 0) == 0); 
} 
 
To enter text into a file in upper case and display it back. 
 
#include<stdio.h> 
#include<conio.h> 
#include<ctype.h> 
 
main() 
{ 
 FILE *fp; 
 char c; 
 clrscr(); 
 
 fp = fopen("UPPER.TXT","w"); 
 printf("\n Enter text into file - terminate with ^z \n"); 
 while((c = getchar())!=EOF) putc(toupper(c),fp); 
 fclose(fp); 
 
 printf("\n Displaying text from file.....\n"); 
 fp = fopen("UPPER.TXT","r"); 
 while((c=getc(fp))!=EOF)printf("%c",c); 
 fclose(fp); 
 getch(); 
} 
 
program to generate employee number when ever an employee is added. 
 
#include <stdio.h> 
#include <conio.h> 
 
main() 
{ 
 struct emp 
 { 
  int empno; 
  char ename[20]; 
  char desig[20]; 
  float sal; 
  int deptno; 
 }; 
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 struct emp e1; 
 
 FILE *fp; 
 int bigempno=0; 
 
 fp = fopen("Emp.txt","r"); 
 while(1==1) 
 { 

if(fscanf(fp,"%d %s %s %f %d\n", &e1.empno, e1.ename, e1.desig, 
&e1.sal, &e1.deptno) == EOF) 

   break; 
  if (e1.empno > bigempno) 
   bigempno = e1.empno; 
 } 
 fclose(fp); 
 
 e1.empno = bigempno + 1; 
 
 /* Accepting details of new employee */ 
 clrscr(); 
 printf("\n\n\t Employee Number             :  %d",e1.empno); 
 printf("\n\n\t Enter Employee Name         :  "); 
 gets(e1.ename); 
 printf("\n\t Enter Employee Designation  :  "); 
 gets(e1.desig); 
 printf("\n\t Enter Employee Salary       :  "); 
 scanf("%f",&e1.sal); 
 printf("\n\t Enter Employee Deptno       :  "); 
 scanf("%d",&e1.deptno); 
 
 /* Inserting data into employee file */ 
 fp = fopen("emp.txt","a"); 
 fprintf(fp,"%d %s %s %f d\n",e1.empno,e1.ename,e1.desig,e1.sal,e1.deptno); 
 printf("\n\t Employee Details are succesfully appended"); 
 fclose(fp); 
 
 getch(); 
} 
 
 
Write a program to retrieve all employee details. 
 
#include <stdio.h> 
#include <conio.h> 
 
main() 
{ 
 struct emp 
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 { 
  int empno; 
  char ename[20]; 
  char desig[20]; 
  float sal; 
  int deptno; 
 }; 
 
 struct emp e1; 
 FILE *fp1; 
 int row; 
 
 fp1 = fopen("Emp.txt","r"); 
 clrscr(); 
 gotoxy(27,2); 
 printf("Employee Information System"); 
 gotoxy(27,3); 
 printf("---------------------------"); 
 
 gotoxy(2,4); 

printf("Employee No.    Employee Name    Designation    Salary    Department No. 
"); 

 gotoxy(2,5); 
 printf("------------------------------------------------------------------------"); 
 
 row =  6; 

while(fscanf(fp1,"%d %s %s %f %d\n", &e1.empno, e1.ename, e1.desig, &e1.sal, 
&e1.deptno) != EOF) 

 { 
  gotoxy(5,row); printf("%d",e1.empno); 
  gotoxy(18,row); printf("%s",e1.ename); 
  gotoxy(35,row); printf("%s",e1.desig); 
  gotoxy(49,row); printf("%8.2f",e1.sal); 
  gotoxy(65,row); printf("%d",e1.deptno); 
  row++; 
 } 
 
 printf("\n--------------------------------------------------------------------------"); 
 fclose(fp1); 
 
 getch(); 
 
} 
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