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Class / Sem I CSE, II Semester 

Subject Code  CS 6202 

Subject Programming and Data Structures I 

Prepared By T. Vithya 

Lesson Plan for Introduction to Programming Fundamentals 

Time: 45 Minutes 

Lesson. No 1/10 

1. Topics to be Covered:  Introduction to Programming Fundamentals 

2. Skills Addressed    : Listening 

3. Objectives of this Lesson Plan: 

To enable students to understand the fundamental concepts of C programming. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Draw the structure of C program. 

 Mention the features of C language. 

 List the operators available in C. 

5. Link Sheet:  

 Define Problem solving 

 What is the need for Algorithm? 

 List the advantages of Flowchart? 

 Define tokens? 

 How to declare a variable? 

 Draw the structure of C program. 

      6.Evocation: (5 Minutes) 
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6. Lecture Notes:  Enclosed here 

7. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 

2nd Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

8. Application 

Problem Solving Techniques 
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1.1 Introduction to Programming Fundamentals 

 

C is a general-purpose high level language that was originally developed by Dennis Ritchie 

for the Unix operating system. It was first implemented on the Digital Equipment Corporation 

PDP-11 computer in 1972. 

The Unix operating system and virtually all Unix applications are written in the C language. 

C has now become a widely used professional language for various reasons. 

 Easy to learn 

 Structured language 

 It produces efficient programs. 

 It can handle low-level activities. 

 It can be compiled on a variety of computers. 

Facts about C 

 C was invented to write an operating system called UNIX. 

 C is a successor of B language which was introduced around 1970 

 The language was formalized in 1988 by the American National Standard Institue 

(ANSI). 

 By 1973 UNIX OS almost totally written in C. 

 Today C is the most widely used System Programming Language. 

 Most of the state of the art software have been implemented using C 

Why to use C ? 

C was initially used for system development work, in particular the programs that make-up the 

operating system. C was adopted as a system development language because it produces code 

that runs nearly as fast as code written in assembly language. Some examples of the use of C 

might be: 

 Operating Systems 

 Language Compilers 

 Assemblers 

 Text Editors 

 Print Spoolers 

 Network Drivers 

 Modern Programs 

 Data Bases 

 Language Interpreters 

 Utilities 

C Program Structure 

A C program basically has the following form: 

 Preprocessor Commands 

 Functions 
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 Variables 

 Statements & Expressions 

 Comments 

#include <stdio.h> 

 

int main() 

{ 

   /* My first program */ 

   printf("Hello, World! \n"); 

    

   return 0; 

} 

Preprocessor Commands: These commands tells the compiler to do preprocessing before doing 

actual compilation. Like #include <stdio.h> is a preprocessor command which tells a C compiler 

to include stdio.h file before going to actual compilation.  

Functions: are main building blocks of any C Program. Every C Program will have one or more 

functions and there is one mandatory function which is called main() function. This function is 

prefixed with keyword int which means this function returns an integer value when it exits. This 

integer value is returned using return statement. The C Programming language provides a set of 

built-in functions. In the above example printf() is a C built-in function which is used to print 

anything on the screen.  

Variables: are used to hold numbers, strings and complex data for manipulation.  

Statements & Expressions : Expressions combine variables and constants to create new values. 

Statements are expressions, assignments, function calls, or control flow statements which make 

up C programs. 

Comments: are used to give additional useful information inside a C Program. All the comments 

will be put inside /*...*/ as given in the example above. A comment can span through multiple 

lines. 

C-Reserved Keywords 

The following names are reserved by the C language. Their meaning is already defined, and they 

cannot be re-defined to mean anything else. 

auto else long switch 

break enum register typedef 

case extern return union 

char float short unsigned 

const for signed void 

continue goto sizeof volatile 
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default if static while 

do int struct _Packed 

double 
   

 

C - Operator Types 

 Arithmetic Operators 

 Logical (or Relational) Operators 

 Bitwise Operators 

 Assignment Operators 

 Misc Operators 

Arithmetic Operators: 

Operator Description Example 

+ Adds two operands A + B will give 30 

- Subtracts second operand from the first A - B will give -10 

* Multiply both operands A * B will give 200 

/ Divide numerator by denominator B / A will give 2 

% Modulus Operator and remainder of after 

an integer division 
B % A will give 0 

++ Increment operator, increases integer 

value by one 
A++ will give 11 

-- Decrement operator, decreases integer 

value by one 
A-- will give 9 

Logical (or Relational) Operators: 

Operator Description Example 

== 
Checks if the value of two operands is 

equal or not, if yes then condition 

becomes true. 

(A == B) is not true.  

!= 
Checks if the value of two operands is 

equal or not, if values are not equal then 

condition becomes true. 

(A != B) is true.  
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> 
Checks if the value of left operand is 

greater than the value of right operand, if 

yes then condition becomes true. 

(A > B) is not true.  

< 
Checks if the value of left operand is less 

than the value of right operand, if yes 

then condition becomes true. 

(A < B) is true.  

>= 

Checks if the value of left operand is 

greater than or equal to the value of right 

operand, if yes then condition becomes 

true. 

(A >= B) is not true.  

<= 

Checks if the value of left operand is less 

than or equal to the value of right 

operand, if yes then condition becomes 

true. 

(A <= B) is true.  

&& 
Called Logical AND operator. If both the 

operands are non zero then condition 

becomes true. 

(A && B) is true.  

|| 
Called Logical OR Operator. If any of 

the two operands is non zero then 

condition becomes true. 

(A || B) is true.  

! 

Called Logical NOT Operator. Use to 

reverses the logical state of its operand. If 

a condition is true then Logical NOT 

operator will make false. 

!(A && B) is false.  

Bitwise Operators: 

Operator Description Example 

& Binary AND Operator copies a bit to the 

result if it exists in both operands.  
(A & B) will give 12 which is 0000 1100 

| Binary OR Operator copies a bit if it 

exists in either operand.  
(A | B) will give 61 which is 0011 1101 

^ Binary XOR Operator copies the bit if it 

is set in one operand but not both.  
(A ^ B) will give 49 which is 0011 0001 
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~ Binary Ones Complement Operator is 

unary and has the effect of 'flipping' bits.  
(~A ) will give -60 which is 1100 0011 

<< 

Binary Left Shift Operator. The left 

operands value is moved left by the 

number of bits specified by the right 

operand.  

A << 2 will give 240 which is 1111 0000 

>> 

Binary Right Shift Operator. The left 

operands value is moved right by the 

number of bits specified by the right 

operand.  

A >> 2 will give 15 which is 0000 1111 

Assignment Operators: 

Operator Description Example 

= 
Simple assignment operator, 

Assigns values from right side 

operands to left side operand 

C = A + B will assign value of A + B into C 

+= 

Add AND assignment operator, It 

adds right operand to the left 

operand and assign the result to left 

operand 

C += A is equivalent to C = C + A 

-= 

Subtract AND assignment operator, 

It subtracts right operand from the 

left operand and assign the result to 

left operand 

C -= A is equivalent to C = C - A 

*= 

Multiply AND assignment operator, 

It multiplies right operand with the 

left operand and assign the result to 

left operand 

C *= A is equivalent to C = C * A 

/= 

Divide AND assignment operator, It 

divides left operand with the right 

operand and assign the result to left 

operand 

C /= A is equivalent to C = C / A 

%= 
Modulus AND assignment operator, 

It takes modulus using two operands 

and assign the result to left operand 

C %= A is equivalent to C = C % A 
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<<= Left shift AND assignment operator  C <<= 2 is same as C = C << 2 

>>= 
Right shift AND assignment 

operator  
C >>= 2 is same as C = C >> 2 

&= Bitwise AND assignment operator C &= 2 is same as C = C & 2 

^= Bitwise exclusive OR and 

assignment operator 
C ^= 2 is same as C = C ^ 2 

|= Bitwise inclusive OR and 

assignment operator 
C |= 2 is same as C = C | 2 

Misc Operators 

There are few other operators supported by C Language. 

Operator Description Example 

sizeof() Returns the size of a variable. sizeof(a), where a is integer, will return 4. 

& Returns the address of a variable. &a; will give actual address of the variable. 

* Pointer to a variable. *a; will pointer to a variable. 

? : Conditional Expression If Condition is true ? Then value X : 

Otherwise value Y 
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Class / Sem I CSE, II Semester 

Subject Code  CS 6202 

Subject Programming and Data Structures I 

Prepared By T. Vithya 

Lesson Plan for Conditional Statements 

Time: 45 Minutes 

Lesson. No 2/10 

1. Topics to be covered: Conditional Statements  

2. Skills Addressed    : Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the decision making or conditional statements. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Write the syntax for conditional statements. 

 Write program using if statements. 

5. Link Sheet:  

 Explain in detail about if statement, if-else, nested if-else statement. 

 In details explain about switch statement with an example. 

 Difference between break and continue statement. 

6. Evocation: (5 Minutes) 
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7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 

2nd Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 

9. Application 

Decision making 
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1.2 Conditional Statements 

C language provides the following conditional (decision making) statements 

 if statement 

 if…..else statement 

 nested if …..else statement 

 if….else ladder 

 switch statement 

1. The if statement 

 The if statement is a decision making statement. It is used to control the flow of execution 

of the statements and also used to test logically whether the condition is true or false. This 

statement is used when a question requires answer. 

Syntax : 

if (condition is true) 

{ 

 True statements; 

} 

 
 

 If the condition is true, then the True statements are executed. The „True Statements‟ may 

be a single statement or group of statements.  

Example: 

#include<stdio.h> 

main() 

{ 

int a,b; 

printf(“Enter a, b values:”); 

scanf(“%d %d”,&a,&b); 

if(a>b) 

printf(“\n a is greater than b”); 

} 

Output: 
Enter a, b values:20 

10 

a is greater than b 
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2. The if…else statement 

It is basically two way decision making statement and always used in conjunction with 

condition. It is used to control the flow of execution and also used to carry out the logical test 

and pickup one of the two possible actions depending on the logical test. 

 

Syntax: 
if(condition) 

{ 

Statement1; 

..... 

Statement n; 

} 

else 

{ 

Statement1; 

..... 

Statement n; 

} 
 

Example: 
#include<stdio.h> 

main() 

{ 

int a,b; 

printf(“Enter a,b values:”); 

scanf(“%d %d”,&a,&b); 

if(a>b) 

printf(“\n a is greater than b”); 

else 

printf(“\nb is greater than b”); 

} 

OUTPUT: 
Enter a,b values:10 

20 

b is greater than a 

3. Nested if…else statement 

 When a series of if….else statements are occurred in a program, we can write an entire 

if…else statement in another if…else statement called nesting, and the statement is called nested 

if. 
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Syntax: 
if(condition 1) 

{ 

if(condition 2) 

{ 

True statement 2; 

} 

else 

{ 

False statement 2; 

 } 

} 

else 

{ 

False statement 1; 

} 

 

 

Example: 

#include <stdio.h> 

main() 

{  

int numb1, numb2;  

printf("Enter two integers to check".\n);  

scanf("%d %d",&numb1,&numb2);  

if(numb1==numb2) //checking whether two integers are equal.  

printf("Result: %d=%d",numb1,numb2);  

else  

{ 

if(numb1>numb2) //checking whether numb1 is greater than numb2.  

printf("Result: %d>%d",numb1,numb2);  

else  

printf("Result: %d>%d",numb2,numb1);  

}  

} 

Output: 

Enter two integers to check.  

5  

3  

Result: 5>3 
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4. The if..else ladder 

 Nested if statements can become quite complex. If there are more than three alternatives 

and indentation is not consistent, it may be different for you to determine the logic structure of 

the if statement. In such situations we can use the if…..else ladder 

Syntax: 

if(condition 1) 

{ 

 Statement 1; 

} 

else if (condition 2) 

{ 

 Statement 2; 

} 

else if (condition 3) 

{ 

 Statement 3; 

} 

else 

{ 

 Default Statements; 

} 
 

 

 

5. The Switch Statement 

A switch statement allows a variable to be tested for equality against a list of values. 

Each value is called a case, and the variable being switched on is checked for each switch case. 

Syntax: 

switch(expression){ 

    case constant-expression  : 

        statement(s); 

        break; /* optional */ 

    case constant-expression  : 

        statement(s); 

        break; /* optional */ 

  . 

   

    default : /* Optional */ 

       statement(s); 

} 
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Example: 

#include <stdio.h> 

 int main () 

{ 

   /* local variable definition */ 

   char grade = 'B'; 

   switch(grade) 

   { 

    case 'A' : 

        printf("Excellent!\n" ); 

       break; 

    case 'B' : 

    case 'C' : 

        printf("Well done\n" ); 

        break; 

    case 'D' : 

        printf("You passed\n" ); 

        break; 

    case 'F' : 

        printf("Better try again\n" ); 

        break; 

    default : 

        printf("Invalid grade\n" ); 

   } 

   printf("Your grade is  %c\n", grade ); 

   return 0; 

} 

Output 

Well done 

Your grade is B 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem I CSE, II Semester 

Subject Code  CS 6202 

Subject Programming and Data Structures I 

Prepared By T. Vithya 

Lesson Plan for Control Statements 

Time: 45 Minutes 

Lesson. No 3/10 

1. Topics to be covered: Control Statements  

2. Skills Addressed    : Listening, Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand the control statements. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Write the syntax for looping structures. 

 Write programs using looping statements. 

 Define the use of break and continue statements. 

5. Link Sheet:  

 Difference between while and do-while statement. 

 With an example explain about for, while and do-while statement. 

6. Evocation: (5 Minutes) 
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7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 

2nd Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Decision making 
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1.3 Control Statements 

C language provides 4 general categories of control structure: 

1. Sequential Structure 

2. Selection Structure 

3. Iteration Structure 

4. Encapsulation Structure 

In some situations there is a need to repeat a set of instructions in specified manner of times 

or until a particular condition is being satisfied. This can be performed through a loop control 

structure. 

Any looping statement would include the following steps: 

1. Initialization of a condition variable 

2. Test the control statement 

3. Executing the body of the loop depending on the condition 

4. Updating the condition variable. 

The following are the loop structures available in „C‟ 

while… 

do…while 

for… 

The while loop 

A while loop statement in C programming language repeatedly executes a target statement as 

long as a given condition is true. 

Syntax: 

while(condition) 

{ 

   statement(s); 

} 

 

 

 

 

Example:  

#include <stdio.h> 

 int main () 

{ 

   /* local variable definition */ 

   int a = 10; 

   /* while loop execution */ 

   while( a < 20 ) 

   { 

      printf("value of a: %d\n", a); 

      a++; 

   } 

    return 0; 

} 
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Output: 

value of a: 10 

value of a: 11 

value of a: 12 

value of a: 13 

value of a: 14 

value of a: 15 

value of a: 16 

value of a: 17 

value of a: 18 

value of a: 19 

The do…while loop 

A do...while loop is similar to a while loop, except that a do...while loop is guaranteed to execute 

at least one time. 

Syntax: 

do 

{ 

   statement(s); 

}while( condition ); 

 

 

Example 

#include <stdio.h> 

  

int main () 

{ 

   /* local variable definition */ 

   int a = 10; 

 

   /* do loop execution */ 

   do 

   { 

       printf("value of a: %d\n", a); 

       a = a + 1; 

   }while( a < 20 ); 

    return 0; 

} 

 

Output: 

value of a: 10 

value of a: 11 

value of a: 12 

value of a: 13 

value of a: 14 
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value of a: 15 

value of a: 16 

value of a: 17 

value of a: 18 

value of a: 19 

The for… loop 

A for loop is a repetition control structure that allows you to efficiently write a loop that needs to 

execute a specific number of times. 

Syntax: 

for ( init; condition; increment ) 

{ 

   statement(s); 

} 

Here is the flow of control in a for loop: 

1. The init step is executed first, and only once. This step allows you to declare and 

initialize any loop control variables. You are not required to put a statement here, as long 

as a semicolon appears. 

2. Next, the condition is evaluated. If it is true, the body of the loop is executed. If it is 

false, the body of the loop does not execute and flow of control jumps to the next 

statement just after the for loop. 

3. After the body of the for loop executes, the flow of control jumps back up to the 

increment statement. This statement allows you to update any loop control variables. 

This statement can be left blank, as long as a semicolon appears after the condition. 

4. The condition is now evaluated again. If it is true, the loop executes and the process 

repeats itself (body of loop, then increment step, and then again condition). After the 

condition becomes false, the for loop terminates. 

 

Flow Diagram: 

 

 

Example: 

#include <stdio.h> 

int main () 

{ 

   /* for loop execution */ 

   for( int a = 10; a < 20; a = a + 1 ) 

   { 

      printf("value of a: %d\n", a); 

   } 

   return 0; 

} 
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Output 

value of a: 10 

value of a: 11 

value of a: 12 

value of a: 13 

value of a: 14 

value of a: 15 

value of a: 16 

value of a: 17 

value of a: 18 

value of a: 19

Loop Control Statements: 

Loop control statements change execution from its normal sequence. When execution 

leaves a scope, all automatic objects that were created in that scope are destroyed. 

C supports the following control statements 

 break statement 

 continue statement 

 goto statement 

The break statement  

The break statement in C programming language has the following two usages: 

1. When the break statement is encountered inside a loop, the loop is immediately 

terminated and program control resumes at the next statement following the loop. 

2. It can be used to terminate a case in the switch statement (covered in the next chapter). 

Syntax: 

break; 

Flow Diagram: 

 

 

Example: 

#include <stdio.h> 

int main () 

{ 

   /* local variable definition */ 

   int a = 10; 

   /* while loop execution */ 

   while( a < 20 ) 

   { 

      printf("value of a:%d\n", a); 

      a++; 

      if( a > 15) 

      { 

         /* terminate the loop using break 

statement */ 

          break; 

      } 

   } 

   return 0; 

} 
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Output: 

value of a: 10 

value of a: 11 

value of a: 12 

value of a: 13 

value of a: 14 

value of a: 15 

 

The continue statement 

The continue statement in C programming language works somewhat like the break statement. 

Instead of forcing termination, however, continue forces the next iteration of the loop to take 

place, skipping any code in between. 

Syntax: 

continue; 

Flow Diagram: 

 

Example 

#include <stdio.h> 

int main () 

{ 

   /* local variable definition */ 

   int a = 10; 

 

   /* do loop execution */ 

   do 

   { 

      if( a == 15) 

      { 

         /* skip the iteration */ 

         a = a + 1; 

         continue; 

      } 

      printf("value of a: %d\n", a); 

      a++; 

      

   }while( a < 20 ); 

   return 0; 

} 

Output: 

value of a: 10 

value of a: 11 

value of a: 12 

value of a: 13 

value of a: 14 

value of a: 16 

value of a: 17 

value of a: 18 

value of a: 19 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem I CSE, II Semester 

Subject Code  CS 6202 

Subject Programming and Data Structures I 

Prepared By T. Vithya 

Lesson Plan for Functions 

Time: 45 Minutes 

Lesson. No 4/10 

1. Topics to be covered: Functions 

2.    Skills Addressed    : Listening, Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the concepts of functions in C. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Declare a function. 

 Write a c program using functions. 

 Define arguments and parameters of a function. 

5. Link Sheet:  

 Define functions. 

 How to declare a function? 

 What are the two types of functions? 

 Explain about parameter passing methods in function. 

6. Evocation: (5 Minutes) 
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7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 2nd 

Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 

9. Application 

Modular Programming. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology - Virudhunagar 

CS6202/ Programming and Data Structures I  Page 26 
 

1.4 Functions 

A function is a group of statements that together perform a task. Every C program has at least 

one function, which is main(), and all the most trivial programs can define additional functions. 

You can divide up your code into separate functions. How you divide up your code among 

different functions is up to you, but logically the division usually is so each function performs a 

specific task. 

A function declaration tells the compiler about a function's name, return type, and parameters. A 

function definition provides the actual body of the function. 

A function is known with various names like a method or a sub-routine or a procedure, etc. 

Defining a Function: 

The general form of a function definition in C programming language is as follows: 

return_type function_name( parameter list ) 

{ 

   body of the function 

} 

 

 

A function definition in C programming language consists of a function header and a function 

body. Here are all the parts of a function: 

 Return Type: A function may return a value. The return_type is the data type of the 

value the function returns. Some functions perform the desired operations without 

returning a value. In this case, the return_type is the keyword void. 

 Function Name: This is the actual name of the function. The function name and the 

parameter list together constitute the function signature. 

 Parameters: A parameter is like a placeholder. When a function is invoked, you pass a 

value to the parameter. This value is referred to as actual parameter or argument. The 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology - Virudhunagar 

CS6202/ Programming and Data Structures I  Page 27 
 

parameter list refers to the type, order, and number of the parameters of a function. 

Parameters are optional; that is, a function may contain no parameters. 

 Function Body: The function body contains a collection of statements that define what 

the function does. 

Example: 

Following is the source code for a function called max(). This function takes two parameters 

num1 and num2 and returns the maximum between the two: 

/* function returning the max between two numbers */ 

int max(int num1, int num2)  

{ 

   /* local variable declaration */ 

   int result; 

    if (num1 > num2) 

      result = num1; 

   else 

      result = num2; 

  

   return result;  

} 

Function Declarations: 

A function declaration tells the compiler about a function name and how to call the function. 

The actual body of the function can be defined separately. 

A function declaration has the following parts: 

 return_type function_name( parameter list ); 

For the above defined function max(), following is the function declaration: 

 int max(int num1, int num2); 

Parameter names are not important in function declaration only their type is required, so 

following is also valid declaration: 

 int max(int, int); 

Function declaration is required when you define a function in one source file and you call that 

function in another file. In such case you should declare the function at the top of the file calling 

the function. 

Calling a Function: 

While creating a C function, you give a definition of what the function has to do. To use a 

function, you will have to call that function to perform the defined task. 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology - Virudhunagar 

CS6202/ Programming and Data Structures I  Page 28 
 

When a program calls a function, program control is transferred to the called function. A called 

function performs defined task and when its return statement is executed or when its function-

ending closing brace is reached, it returns program control back to the main program. 

To call a function, you simply need to pass the required parameters along with function name, 

and if function returns a value, then you can store returned value. For example: 

#include <stdio.h> 

 /* function declaration */ 

int max(int num1, int num2); 

int main () 

{ 

   /* local variable definition */ 

   int a = 100; 

   int b = 200; 

   int ret; 

   /* calling a function to get max value */ 

   ret = max(a, b); 

   printf( "Max value is : %d\n", ret ); 

    return 0; 

} 

  

/* function returning the max between two numbers */ 

int max(int num1, int num2)  

{ 

   /* local variable declaration */ 

   int result; 

    if (num1 > num2) 

      result = num1; 

   else 

      result = num2; 

   return result;  

} 

Output: 

Max value is : 200 

Function Arguments: 

If a function is to use arguments, it must declare variables that accept the values of the 

arguments. These variables are called the formal parameters of the function. 

The formal parameters behave like other local variables inside the function and are created upon 

entry into the function and destroyed upon exit. 

 

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology - Virudhunagar 

CS6202/ Programming and Data Structures I  Page 29 
 

While calling a function, there are two ways that arguments can be passed to a function: 

Call Type Description 

Call by value  

This method copies the actual value of an argument into the formal 

parameter of the function. In this case, changes made to the 

parameter inside the function have no effect on the argument.  

Call by reference  

This method copies the address of an argument into the formal 

parameter. Inside the function, the address is used to access the 

actual argument used in the call. This means that changes made to 

the parameter affect the argument. 

By default, C uses call by value to pass arguments. In general, this means that code within a 

function cannot alter the arguments used to call the function and above mentioned example while 

calling max() function used the same method. 
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Class / Sem I CSE, II Semester 

Subject Code  CS 6202 

Subject Programming and Data Structures I 

Prepared By T. Vithya 

Lesson Plan for Arrays 

Time: 45 Minutes 

Lesson. No 5/10 

1. Topics to be covered: Arrays  

2.    Skills Addressed    : Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand the array concepts. 

4. Outcome (s): 

At the end of the lesson the students will be able to: 

 Define array. 

 Mention the types of arrays. 

 Declare and initialize arrays. 

5. Link Sheet: 

 Write the syntax for array and define it. 

 How to declare an array? 

 Explain about the types of arrays. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 2nd 

Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
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9. Application 

Matrix multiplication 

1.5 Arrays 

C programming language provides a data structure called the array, which can store a fixed-size 

sequential collection of elements of the same type. An array is used to store a collection of data, 

but it is often more useful to think of an array as a collection of variables of the same type. 

Instead of declaring individual variables, such as number0, number1, ..., and number99, you 

declare one array variable such as numbers and use numbers[0], numbers[1], and ..., 

numbers[99] to represent individual variables. A specific element in an array is accessed by an 

index.  

All arrays consist of contiguous memory locations. The lowest address corresponds to the first 

element and the highest address to the last element. 

 

Declaring Arrays 

To declare an array in C, a programmer specifies the type of the elements and the number of 

elements required by an array as follows: 

type arrayName [arraySize]; 

This is called a single-dimensional array. The arraySize must be an integer constant greater than 

zero and type can be any valid C data type. For example, to declare a 10-element array called 

balance of type double, use this statement: 

double balance[10]; 

Now balance is available array which is sufficient to hold upto 10 double numbers. 

Initializing Arrays 

You can initialize array in C either one by one or using a single statement as follows: 

double balance[5] = {1000.0, 2.0, 3.4, 17.0, 50.0}; 
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The number of values between braces { } cannot be larger than the number of elements that we 

declare for the array between square brackets [ ]. Following is an example to assign a single 

element of the array: 

If you omit the size of the array, an array just big enough to hold the initialization is created. 

Therefore, if you write: 

double balance[] = {1000.0, 2.0, 3.4, 17.0, 50.0}; 

You will create exactly the same array as you did in the previous example. 

balance[4] = 50.0; 

The above statement assigns element number 5th in the array a value of 50.0. Array with 4th 

index will be 5th ie. last element because all arrays have 0 as the index of their first element 

which is also called base index. Following is the pictorial representation of the same array we 

discussed above: 

 

Accessing Array Elements 

An element is accessed by indexing the array name. This is done by placing the index of the 

element within square brackets after the name of the array. For example: 

double salary = balance[9]; 

The above statement will take 10th element from the array and assign the value to salary 

variable. Following is an example which will use all the above mentioned three concepts viz. 

declaration, assignment and accessing arrays: 

#include<stdio.h> 

int main () 

{ 

   int n[10]; /*n is an array of 10 integers*/ 

   int i,j; 

   /*initialize elements of array n to 0*/          

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

   { 

      n[i]=i+100; /*set element at location i to i+100*/ 

   } 

   /*output each array element's value*/ 

   for(j=0;j<10;j++) 

   { 

      printf("Element[%d]=%d\n",j,n[j]); 
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   } 

   return 0; 

} 

When the above code is compiled and executed, it produces the following result: 

Element[0] = 100 

Element[1] = 101 

Element[2] = 102 

Element[3] = 103 

Element[4] = 104 

Element[5] = 105 

Element[6] = 106 

Element[7] = 107 

Element[8] = 108 

Element[9] = 109 

Two-Dimensional Arrays: 

The simplest form of the multidimensional array is the two-dimensional array. A two-

dimensional array is, in essence, a list of one-dimensional arrays. To declare a two-dimensional 

integer array of size x,y you would write something as follows: 

type arrayName [ x ][ y ]; 

Where type can be any valid C data type and arrayName will be a valid C identifier. A two-

dimensional array can be think as a table which will have x number of rows and y number of 

columns. A 2-dimensional array a, which contains three rows and four columns can be shown as 

below: 

 

Thus, every element in array a is identified by an element name of the form a[i][j], where a is the 

name of the array, and i and j are the subscripts that uniquely identify each element in a. 

Initializing Two-Dimensional Arrays: 

Multidimensional arrays may be initialized by specifying bracketed values for each row. 

Following is an array with 3 rows and each row has 4 columns. 

int a[3][4] = {   

 {0, 1, 2, 3} ,   /*  initializers for row indexed by 0 */ 

 {4, 5, 6, 7} ,   /*  initializers for row indexed by 1 */ 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology - Virudhunagar 

CS6202/ Programming and Data Structures I  Page 34 
 

 {8, 9, 10, 11}   /*  initializers for row indexed by 2 */ 

}; 

The nested braces, which indicate the intended row, are optional. The following initialization is 

equivalent to previous example: 

int a[3][4] = {0,1,2,3,4,5,6,7,8,9,10,11}; 

Accessing Two-Dimensional Array Elements: 

An element in 2-dimensional array is accessed by using the subscripts, i.e., row index and 

column index of the array. For example: 

int val = a[2][3]; 

The above statement will take 4th element from the 3rd row of the array. You can verify it in the 

above diagram. Let us check below program where we have used nested loop to handle a two 

dimensional array: 

#include <stdio.h> 

int main () 

{ 

   /* an array with 5 rows and 2 columns*/ 

   int a[5][2] = { {0,0}, {1,2}, {2,4}, {3,6},{4,8}}; 

   int i, j; 

   /* output each array element's value */ 

   for ( i = 0; i < 5; i++ ) 

   { 

      for ( j = 0; j < 2; j++ ) 

      { 

         printf("a[%d][%d] = %d\n", i,j, a[i][j] ); 

      } 

   } 

   return 0; 

} 

When the above code is compiled and executed, it produces the following result: 

a[0][0]: 0 

a[0][1]: 0 

a[1][0]: 1 

a[1][1]: 2 

a[2][0]: 2 

a[2][1]: 4 

a[3][0]: 3 

a[3][1]: 6 

a[4][0]: 4 

a[4][1]: 8 
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Lesson Plan for Preprocessor 
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Lesson. No 6/10 

1. Topics to be covered: Preprocessor 

2.    Skills Addressed    : Listening, understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the C preprocessor derivatives. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Define macro derivatives. 

 List the various preprocessor derivatives. 

5. Link Sheet:  

 Define Preprocessor 

 What is a Macro? Give example. 

 List the various preprocessor directives. 

 What is the use of preprocessor directives? 
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6. Evocation: (5 Minutes) 

 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 2nd 

Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Conditional compilation, Macro expansion. 
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1.6 Preprocessor 

The C Preprocessor is not part of the compiler, but is a separate step in the compilation 

process. In simplistic terms, a C Preprocessor is just a text substitution tool and they instruct 

compiler to do required pre-processing before actual compilation. We'll refer to the C 

Preprocessor as the CPP. 

All preprocessor commands begin with a pound symbol (#). It must be the first nonblank 

character, and for readability, a preprocessor directive should begin in first column. Following 

section lists down all important preprocessor directives: 

Directive Description 

#define Substitutes a preprocessor macro 

#include Inserts a particular header from another file 

#undef Undefines a preprocessor macro 

#ifdef Returns true if this macro is defined 

#ifndef Returns true if this macro is not defined 

#if Tests if a compile time condition is true 

#else The alternative for #if 

#elif #else an #if in one statement 

#endif Ends preprocessor conditional 

#error Prints error message on stderr 

#pragma Issues special commands to the compiler, using a standardized method 

Preprocessors Examples 

Analyze the following examples to understand various directives. 

#define MAX_ARRAY_LENGTH 20 

This directive tells the CPP to replace instances of MAX_ARRAY_LENGTH with 20. Use 

#define for constants to increase readability. 

#include <stdio.h> 

#include "myheader.h" 

These directives tell the CPP to get stdio.h from System Libraries and add the text to the current 

source file. The next line tells CPP to get myheader.h from the local directory and add the 

content to the current source file. 

#undef  FILE_SIZE 

#define FILE_SIZE 42 

This tells the CPP to undefine existing FILE_SIZE and define it as 42. 

#ifndef MESSAGE 

   #define MESSAGE "You wish!" 
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#endif 

This tells the CPP to define MESSAGE only if MESSAGE isn't already defined. 

#ifdef DEBUG 

   /* Your debugging statements here */ 

#endif 

This tells the CPP to do the process the statements enclosed if DEBUG is defined. This is useful 

if you pass the -DDEBUG flag to gcc compiler at the time of compilation. This will define 

DEBUG, so you can turn debugging on and off on the fly during compilation. 

Predefined Macros 

ANSI C defines a number of macros. Although each one is available for your use in 

programming, the predefined macros should not be directly modified. 

Macro Description 

__DATE__ The current date as a character literal in "MMM DD YYYY" format 

__TIME__ The current time as a character literal in "HH:MM:SS" format 

__FILE__ This contains the current filename as a string literal. 

__LINE__ This contains the current line number as a decimal constant. 

__STDC__ Defined as 1 when the compiler complies with the ANSI standard. 

Let's try the following example: 

#include <stdio.h> 

main() 

{ 

   printf("File :%s\n", __FILE__ ); 

   printf("Date :%s\n", __DATE__ ); 

   printf("Time :%s\n", __TIME__ ); 

   printf("Line :%d\n", __LINE__ ); 

   printf("ANSI :%d\n", __STDC__ ); 

 

} 

When the above code in a file test.c is compiled and executed, it produces the following result: 

File :test.c 

Date :Jun 2 2012 

Time :03:36:24 

Line :8 

ANSI :1 

Preprocessor Operators 

The C preprocessor offers following operators to help you in creating macros: 

Macro Continuation (\) 

A macro usually must be contained on a single line. The macro continuation operator is used to 

continue a macro that is too long for a single line. For example: 

#define  message_for(a, b)  \ 

    printf(#a " and " #b ": We love you!\n") 
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Stringize (#) 

The stringize or number-sign operator ('#'), when used within a macro definition, converts a 

macro parameter into a string constant. This operator may be used only in a macro that has a 

specified argument or parameter list. For example: 

#include <stdio.h> 

#define  message_for(a, b)  \ 

    printf(#a " and " #b ": We love you!\n") 

int main(void) 

{ 

   message_for(Carole, Debra); 

   return 0; 

} 

When the above code is compiled and executed, it produces the following result: 

Carole and Debra: We love you! 

Token Pasting (##) 

The token-pasting operator (##) within a macro definition combines two arguments. It permits 

two separate tokens in the macro definition to be joined into a single token. For example: 

#include <stdio.h> 

#define tokenpaster(n) printf ("token" #n " = %d", token##n) 

int main(void) 

{ 

   int token34 = 40; 

    

   tokenpaster(34); 

   return 0; 

} 

When the above code is compiled and executed, it produces the following result: 

token34 = 40 

 

How it happened, because this example results in the following actual output from the 

preprocessor: 

printf ("token34 = %d", token34); 

This example shows the concatenation of token##n into token34 and here we have used both 

stringize and token-pasting. 

The defined() Operator 

The preprocessor defined operator is used in constant expressions to determine if an identifier is 

defined using #define. If the specified identifier is defined, the value is true (non-zero). If the 

symbol is not defined, the value is false (zero). The defined operator is specified as follows: 

#include <stdio.h> 

#if !defined (MESSAGE) 

   #define MESSAGE "You wish!" 

#endif 
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int main(void) 

{ 

   printf("Here is the message: %s\n", MESSAGE);   

   return 0; 

} 

When the above code is compiled and executed, it produces the following result: 

Here is the message: You wish! 

Parameterized Macros 

One of the powerful functions of the CPP is the ability to simulate functions using parameterized 

macros. For example, we might have some code to square a number as follows: 

int square(int x) { 

   return x * x; 

} 

We can rewrite above code using a macro as follows: 

#define square(x) ((x) * (x)) 

Macros with arguments must be defined using the #define directive before they can be used. The 

argument list is enclosed in parentheses and must immediately follow the macro name. Spaces 

are not allowed between and macro name and open parenthesis. For example: 

#include <stdio.h> 

#define MAX(x,y) ((x) > (y) ? (x) : (y)) 

int main(void) 

{ 

   printf("Max between 20 and 10 is %d\n", MAX(10, 20));   

   return 0; 

} 

When the above code is compiled and executed, it produces the following result: 

Max between 20 and 10 is 20 
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1. Topics to be covered: Pointers  
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3. Objectives of this Lesson Plan: 
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4. Outcome (s): 

At the end of the lesson the students will be able to :  

 Define pointers 

 Mention the advantages of pointers. 

5. Link Sheet:  

 Give the syntax for pointers. 

 What is the need for pointers? 

 Write a c program to explain the concept of pointers? 

6. Evocation: (5 Minutes) 

 
 

 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 2nd 

Edition, Pearson Education, 1988. 
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 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 

9. Application 

Dynamic memory management 

1.7 Pointers 

Pointers in C are easy and fun to learn. Some C programming tasks are performed more easily 

with pointers, and other tasks, such as dynamic memory allocation, cannot be performed without 

using pointers. So it becomes necessary to learn pointers to become a perfect C programmer. 

Let's start learning them in simple and easy steps. 

As you know, every variable is a memory location and every memory location has its address 

defined which can be accessed using ampersand (&) operator, which denotes an address in 

memory. Consider the following example, which will print the address of the variables defined: 

#include <stdio.h> 

int main () 

{ 

   int  var1; 

   char var2[10]; 

   printf("Address of var1 variable: %x\n", &var1  ); 

   printf("Address of var2 variable: %x\n", &var2  ); 

   return 0; 

} 

When the above code is compiled and executed, it produces result something as follows: 

Address of var1 variable: bff5a400 

Address of var2 variable: bff5a3f6 

So you understood what is memory address and how to access it, so base of the concept is over. 

Now let us see what is a pointer. 

What Are Pointers? 

A pointer is a variable whose value is the address of another variable, i.e., direct address of the 

memory location. Like any variable or constant, you must declare a pointer before you can use it 

to store any variable address. The general form of a pointer variable declaration is: 

type *var-name; 

Here, type is the pointer's base type; it must be a valid C data type and var-name is the name of 

the pointer variable. The asterisk * you used to declare a pointer is the same asterisk that you use 

for multiplication. However, in this statement the asterisk is being used to designate a variable as 

a pointer. Following are the valid pointer declaration: 
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int    *ip;    /* pointer to an integer */ 

double *dp;    /* pointer to a double */ 

float  *fp;    /* pointer to a float */ 

char   *ch     /* pointer to a character */ 

The actual data type of the value of all pointers, whether integer, float, character, or otherwise, is 

the same, a long hexadecimal number that represents a memory address. The only difference 

between pointers of different data types is the data type of the variable or constant that the 

pointer points to. 

How to use Pointers? 

There are few important operations, which we will do with the help of pointers very frequently. 

(a) we define a pointer variable (b) assign the address of a variable to a pointer and (c) finally 

access the value at the address available in the pointer variable. This is done by using unary 

operator * that returns the value of the variable located at the address specified by its operand. 

Following example makes use of these operations: 

#include <stdio.h> 

int main () 

{ 

   int  var = 20;   /* actual variable declaration */ 

   int  *ip;        /* pointer variable declaration */ 

   ip = &var;  /* store address of var in pointer variable*/ 

   printf("Address of var variable: %x\n", &var  ); 

   /* address stored in pointer variable */ 

   printf("Address stored in ip variable: %x\n", ip ); 

   /* access the value using the pointer */ 

   printf("Value of *ip variable: %d\n", *ip ); 

   return 0; 

} 

When the above code is compiled and executed, it produces result something as follows: 

Address of var variable: bffd8b3c 

Address stored in ip variable: bffd8b3c 

Value of *ip variable: 20 

NULL Pointers in C 

It is always a good practice to assign a NULL value to a pointer variable in case you do not have 

exact address to be assigned. This is done at the time of variable declaration. A pointer that is 

assigned NULL is called a null pointer. 

The NULL pointer is a constant with a value of zero defined in several standard libraries. 

Consider the following program: 
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#include <stdio.h> 

int main () 

{ 

   int  *ptr = NULL; 

   printf("The value of ptr is : %x\n", ptr  ); 

   return 0; 

} 

When the above code is compiled and executed, it produces the following result: 

The value of ptr is 0 

On most of the operating systems, programs are not permitted to access memory at address 0 

because that memory is reserved by the operating system. However, the memory address 0 has 

special significance; it signals that the pointer is not intended to point to an accessible memory 

location. But by convention, if a pointer contains the null (zero) value, it is assumed to point to 

nothing. 

To check for a null pointer you can use an if statement as follows: 

if(ptr)     /* succeeds if p is not null */ 

if(!ptr)    /* succeeds if p is null */ 
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Lesson. No 8/10 
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To enable students to understand the various ways in declaring pointers. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Declare a null pointer. 

 Define void pointer. 

5. Link Sheet:  

 Explain in detail about variation in pointer declaration. 

 Define pointer 

6. Evocation: (5 Minutes) 

  
 

7. Lecture Notes:  Enclosed here 
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 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 2nd 

Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
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9. Application 

Dynamic Memory Management 

1.8 Variation in Pointer Declaration 

Declaring Pointers  

Pointers are variables that contain the memory addresses of objects or functions. Pointer 

variables are declared as a pointer type by using the asterisk punctuator and the data type of the 

object pointed to, as shown in the following syntax:  

pointer:  

   * type-qualifier-list(opt)  

   * type-qualifier-list(opt) pointer  

type-qualifier-list:  

   type-qualifier 

   type-qualifier-list type-qualifier 

By default, DEC C pointers are 32 bits long on OpenVMS systems and 64 bits long on Digital 

UNIX systems. Although their defaults are different, both OpenVMS Alpha and Digital UNIX 

systems support 32-bit (short) and 64-bit (long) pointers. DEC C provides qualifiers/switches 

and #pragma preprocessor directives to control pointer size.  

The type-qualifier is either const , volatile , __unaligned (Alpha), __restrict , or any combination 

thereof.  

An object of pointer type is declared as in the following example:  

char *px; 

In this example, identifier px is declared as a pointer to an object of type char . No type-qualifier 

is used in this example. The expression *px yields the char that px points to.  

The following declarations show the difference between a variable pointer to a constant, a 

constant pointer to a variable, and a constant pointer to a constant object.  

const int *ptr_to_constant;     /*  pointer variable pointing 

                                    to a const object         */ 

int *const constant_ptr;        /*  constant pointer to a 

                                    non-const object          */ 

const int *const constant_ptr;  /*  Const pointer to a 

                                    const object              */ 
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The contents of an object pointed to by ptr_to_constant cannot be modified through that pointer, 

but ptr_to_ constant itself can be changed to point to another const -qualified object. Similarly, 

the contents of the integer pointed to by constant_ptr can be modified, but constant_ptr itself will 

always point to the same location.  

The declaration of the constant pointer constant_ptr can be clarified by including a definition for 

the type pointer to int . The following example declares constant_ ptr as an object with type 

const-qualified pointer to int . The pointer's value (an address) is constant:  

typedef int *int_ptr; 

const int_ptr constant_ptr; 

The __unaligned data-type qualifier can be used in pointer definitions on Alpha systems. to 

indicate to the compiler that the data pointed to is not properly aligned on a correct address. (To 

be properly aligned, the address of an object must be a multiple of the size of the type. For 

example, 2-byte objects must be aligned on even addresses.)  

When data is accessed through a pointer declared __unaligned , the compiler generates the 

additional code necessary to copy or store the data without causing alignment errors. It is best to 

avoid use of misaligned data altogether, but in some cases the usage may be justified by the need 

to access packed structures, or by other considerations.  

The __restrict data-type qualifier is used to designate a pointer as pointing to a distinct object, 

thus allowing compiler optimizations to be made  

Unless an extern or static pointer variable is explicitly initialized, it is initialized to a null pointer. 

A null pointer is a pointer value of 0. The contents of an uninitialized auto pointer are undefined.  

Declaring void Pointers  

A void pointer is a pointer without a specified data type to describe the object to which it points. 

In effect, it is a generic pointer. (Before the ANSI C standard, char * was used to define generic 

pointers; this practice is now discouraged by the ANSI standard because it is less portable.)  

A pointer to any type can be assigned to a void pointer without a cast, and vice versa. The 

following statements show how a void pointer can be assigned to other typed pointers, without 

explicit casts:  

float *float_pointer; 

void  *void_pointer; 

   . 

   . 

   . 

float_pointer = void_pointer; 

                                        /*    or,      */ 

void_pointer  = float_pointer; 
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A void pointer is often used in function calls, function arguments, or function prototypes when a 

parameter or return value is a pointer of an unknown type. Consider the following example, 

where a void pointer is used as a generic return value:  

void *memcpy (void *s1, const void *s2, size_t n); 

{ 

   void  *generic_pointer; 

   . 

   . 

   . 

/* The function return value can be a pointer to many types. */ 

 

generic_pointer = func_returning_pointer( arg1, arg2, arg3 ); 

   . 

   . 

   . 

/*  size_t is a defined type                                 */ 

} 

Initializing Pointers  

The pointer object can be initialized with a single expression. For example:  

int i = 10; 

int *p = &i;  /*  p is a pointer to int, initialized */ 

              /*  as holding the address of i        */ 

Without an initializer, the values of static and extern pointers are automatically initialized to null 

pointers (pointers to memory location 0).  

The following declaration defines p with type pointer to char , and initializes p to point to an 

object of type array of char with length 4, whose elements are initialized by a character string 

literal. (The null character is the fourth member of the array.) If an attempt is made to use p to 

modify the contents of the array, the behavior is undefined.  

char *p =  "abc"; 

 

 

 

 

 

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology - Virudhunagar 

CS6202/ Programming and Data Structures I  Page 49 
 

 

Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem I CSE, II Semester 

Subject Code  CS 6202 

Subject Programming and Data Structures I 

Prepared By T. Vithya 

Lesson Plan for Function Pointers 

Time: 45 Minutes 
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1. Topics to be covered: Function Pointers 

2.    Skills Addressed    : Listening, Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand the function pointers. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Define function pointer. 

 Write a program using function pointer. 

5. Link Sheet:  

 What are function pointers? 

 Explain function pointer with an example. 

6. Evocation: (5 Minutes) 

  
7. Lecture Notes:  Enclosed here 
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 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 2nd 

Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
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9. Application 

Code reuse. 

1.9 Function Pointers 

Function Pointers 

A function pointer is a variable that stores the address of a function that can later be 

called through that function pointer. This is useful because functions encapsulate behavior. For 

instance, every time you need a particular behavior such as drawing a line, instead of writing out 

a bunch of code, all you need to do is call the function. But sometimes you would like to choose 

different behaviors at different times in essentially the same piece of code. 

The following C program uses a function pointer to invoke one of two functions (sin or cos) 

indirectly from another function (compute_sum, computing an approximation of the function's 

Riemann integration). The program operates by having function main call function compute_sum 

twice, passing it a pointer to the library function sin the first time, and a pointer to function cos the 

second time. Function compute_sum in turn invokes one of the two functions indirectly by 

dereferencing its function pointer argument funcp multiple times, adding together the values that 

the invoked function returns and returning the resulting sum. The two sums are written to the 

standard output by main. 

#include <math.h> 

#include <stdio.h> 

  

// Function taking a function pointer as an argument 

double compute_sum(double (*funcp)(double), double lo, double hi) 

{ 

    double  sum = 0.0; 

  

    // Add values returned by the pointed-to function '*funcp' 

    for (int i = 0;  i <= 100;  i++) 

    { 

        double  x, y; 

  

        // Use the function pointer 'funcp' to invoke the function 

        x = i/100.0 * (hi - lo) + lo; 

        y = (*funcp)(x); 

        sum += y; 

    } 

    return (sum/100.0); 

} 

  

int main(void) 

{ 

    double  (*fp)(double);      // Function pointer 
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    double  sum; 

  

    // Use 'sin()' as the pointed-to function 

    fp = sin; 

    sum = compute_sum(fp, 0.0, 1.0); 

    printf("sum(sin): %f\n", sum); 

  

    // Use 'cos()' as the pointed-to function 

    fp = cos; 

    sum = compute_sum(fp, 0.0, 1.0); 

    printf("sum(cos): %f\n", sum); 

    return 0; 

} 

 

Example Uses of Function Pointers 

Functions as Arguments to Other Functions 

If you were to write a sort routine, you might want to allow the function's caller to choose the 

order in which the data is sorted; some programmers might need to sort the data in ascending 

order, others might prefer descending order while still others may want something similar to but 

not quite like one of those choices. One way to let your user specify what to do is to provide a 

flag as an argument to the function, but this is inflexible; the sort function allows only a fixed set 

of comparison types (e.g., ascending and descending).  

 

A much nicer way of allowing the user to choose how to sort the data is simply to let the user 

pass in a function to the sort function. This function might take two pieces of data and perform a 

comparison on them. We'll look at the syntax for this in a bit.  

Callback Functions 

Another use for function pointers is setting up "listener" or "callback" functions that are invoked 

when a particular event happens. The function is called, and this notifies your code that 

something of interest has taken place.  Why would you ever write code with callback functions? 

You often see it when writing code using someone's library. One example is when you're writing 

code for a graphical user interface (GUI). Most of the time, the user will interact with a loop that 

allows the mouse pointer to move and that redraws the interface. Sometimes, however, the user 

will click on a button or enter text into a field. These operations are "events" that may require a 

response that your program needs to handle. How can your code know what's happening? Using 

Callback functions! The user's click should cause the interface to call a function that you wrote 

to handle the event.  

 

To get a sense for when you might do this, consider what might happen if you were using a GUI 

library that had a "create_button" function. It might take the location where a button should 
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appear on the screen, the text of the button, and a function to call when the button is clicked. 

Assuming for the moment that C (and C++) had a generic "function pointer" type called 

function, this might look like this:  

void create_button( int x, int y, const char *text, function callback_func ); 

 

Whenever the button is clicked, callback_func will be invoked. Exactly what callback_func does 

depends on the button; this is why allowing the create_button function to take a function pointer 

is useful.  

Function Pointer Syntax 

The syntax for declaring a function pointer might seem messy at first, but in most cases it's really 

quite straight-forward once you understand what's going on. Let's look at a simple example:  

void (*foo)(int); 

 

In this example, foo is a pointer to a function taking one argument, an integer, and that returns 

void. It's as if you're declaring a function called "*foo", which takes an int and returns void; now, 

if *foo is a function, then foo must be a pointer to a function. (Similarly, a declaration like int *x 

can be read as *x is an int, so x must be a pointer to an int.)  

 

The key to writing the declaration for a function pointer is that you're just writing out the 

declaration of a function but with (*func_name) where you'd normally just put func_name.  

Reading Function Pointer Declarations 

Sometimes people get confused when more stars are thrown in:  

void *(*foo)(int *); 

 

Here, the key is to read inside-out; notice that the innermost element of the expression is *foo, 

and that otherwise it looks like a normal function declaration. *foo should refer to a function that 

returns a void * and takes an int *. Consequently, foo is a pointer to just such a function.  

Initializing Function Pointers 

To initialize a function pointer, you must give it the address of a function in your program. The 

syntax is like any other variable:  

#include <stdio.h> 

void my_int_func(int x) 

{ 

    printf( "%d\n", x ); 

} 

 

int main() 

{ 
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    void (*foo)(int); 

    /* the ampersand is actually optional */ 

    foo = &my_int_func; 

 

    return 0; 

} 

(Note: all examples are written to be compatible with both C and C++.)  

Using a Function Pointer 

To call the function pointed to by a function pointer, you treat the function pointer as though it 

were the name of the function you wish to call. The act of calling it performs the dereference; 

there's no need to do it yourself:  

#include <stdio.h> 

void my_int_func(int x) 

{ 

    printf( "%d\n", x ); 

} 

 

 

int main() 

{ 

    void (*foo)(int); 

    foo = &my_int_func; 

 

    /* call my_int_func (note that you do not need to write (*foo)(2) ) */ 

    foo( 2 ); 

    /* but if you want to, you may */ 

    (*foo)( 2 ); 

 

    return 0; 

} 

Note that function pointer syntax is flexible; it can either look like most other uses of pointers, 

with & and *, or you may omit that part of syntax. This is similar to how arrays are treated, 

where a bare array decays to a pointer, but you may also prefix the array with & to request its 

address. 
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1.10 Functions with variable number of arguments 

Sometimes it becomes necessary to write a function with variable number of arguments. That is 

we do not have an idea of how many arguments a function can have beforehand. The best 

example for this is the venerated printf(...) function which takes any number of arguments form 

user and prints a character string in the console window. 

Have you noticed one thing with printf(...), whatever might be the number of arguments that we 

pass to this function the first argument is always same, the (char *) type. So, if you would like to 

write a function with variable number of arguments, it is necessary to fix the first operand of the 

function signature (formal arguments of a function are called as signature of that function). 

I will try to explain you to write a function with variable number of arguments by taking two 

examples.  

Example 1: Finding an Average of some numbers  

Example 2: Writing your own printf() function  

 

Example 1:  

For finding an average of some numbers you might not know how many arguments will be 

passed in to the function. One way you could make the function would be to accept a pointer to 

an array like Avg(float vars[]). 

Another way would be to write a function that can take any number of arguments. So you would 

write Avg(4, 12.2, 23.3, 33.3, 12.1); or you might write Avg(2, 2.3, 34.4); 

To use a function with variable number of arguments, or more precisely, a function without a set 

number of arguments, you would use the stdarg.h header file. Just add this line #include 

<stdarg.h> on the top of your cpp file or in the stdafx.h file if you are programming in windows 

environment. 

There are four parts needed in writing a function with variable number of arguments. va_list, 

which stores the list of arguments passed to the function, va_start, which initializes the starting 

argument of the list of arguments, va_arg, which returns the next argument from the list and 

va_end, which cleans up the memory allocated to the arguments in the list that is passed to the 

function. 

Function Declaration: In the normal way write the function name as you wish and give it a return 

type that you want. Here there will be a small change in the function signature about the way we 

need to write it. Write the first argument of the function as usually and as a second argument you 

should place an ellipsis (which looks like '...'). So, int Avg(int x, ...) would tell the compiler that 

the function should accept however many arguments that the programmer uses, as long as it is 

equal to at least one and that too the defined one. In this case the first argument should be int. 

va_list is like any type name that can be used to declare a variable. For example, va_list list; 

Here list stores the list of arguments that we pass to the function. 
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va_start is a macro which accepts two arguments. The first argument should be a va_list 

variable that we declare and the second should be the name of the variable that directly precedes 

the ellipsis (...) in our function declaration. 

In our case, in he function Ang, to initialize a list with va_start, you would write va_start(list, x); 

va_arg takes a va_list and a variable type, and returns the next argument in the list in the form of 

whatever variable type it is told. 

It then moves down the list to the next argument. For example, va_arg(list, double) will return 

the next argument, assuming it exists, in the form of a double. The next time it is called, it will 

return the argument following the last returned number, if one exists. 

To show how each of the parts works, take an example Average function. 

#include <stdarg.h> 

#include <iostream.h> 

 

double Avg(int num, ...) 

{ 

  va_list arguments;     

  //A variable to store the list of arguments passed to the function 

 

  va_start(arguments, num);    

  //Initializing arguments to store all values passed into the function after num 

 

  int sum=0;                                           

 

  for(int x=0; x<num; x++)                     

       sum+=va_arg(arguments, double);   

       //Adds the next value in argument list to sum. You can replace the type name 

       double with int or float. 

   

  va_end(arguments);     

  //Cleans up the list 

 

  return sum/(double)num;    

  //Returns the average computed(typecast prevents trunctation) 

} 

 

int main() 

{ 

  cout<<average(3, 12.2, 22.3, 4.5)endl; 

 

  cout<<average(5, 3.3, 2.2, 1.1, 5.5, 3.3)<<endl; 
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  return 0; 

} 

Example 2: 

Writing your own printf Function: 

After trying some crazy things on how to write a printf, efficiently with fewer lines of code, I got 

this and I use it in all my OpenGL programs to display Rasterised Bitmap Fonts in the OpenGL 

context. 

The function uses the same things that are explained above. So, direct code for function would be 

sufficient I guess. 

int Printf(char *formatString, ...) 

{ 

 char *buf=new char[255]; //declare array on heap or on stack like char buf[255] 

  

 /* limilation: Here the final string you are going to print should be less than 255 

characters  wide or whatever the length you declare there. It's not a wise thing to have 

unlimited size or variable size, but you can have it by changing the above.*/ 

 

 /* declaration to char *buf="\0"; initializing to NULL character is important as it 

indicates the End of String or terminating character.*/ 

  

 va_list arguments; 

  

 va_start(arguments, formatString); 

  

 int strLength=_vsnprintf(buf, strlen(buf), formatString, arguments); 

  

 PrintString(buf); 

 /* This function parses the string character by character and displays equivalent Bitmap 

Font on the Screen. Each character is a display list. This function is particularly useful 

for OpenGL programmers.*/ 

  

 va_end arguments; 

  

 delete [ ] buf; 

  

 return strLength; 

} 

It isn't necessarily a good idea to use a variable argument list at all times, because, potential 

exists for assuming a value of one type, while it is in fact another, such as a NULL pointer being 

assumed to be an integer. 
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2.1 Introduction to Programming Advanced Features 

There are some advanced features in C Language: 

 Structures 

 Unions 

 File concepts 

Structures 

A structure is a collection of variables under a single name. These variables can be of different 

types, and each has a name which is used to select it from the structure. A structure is a 

convenient way of grouping several pieces of related information together.  

A structure can be defined as a new named type, thus extending the number of available types. It 

can use other structures, arrays or pointers as some of its members, though this can get 

complicated unless you are careful 

Difference between C variable, C array and C structure: 

o A normal C variable can hold only one data of one data type at a time. 

o An array can hold group of data of same data type. 

o A structure can hold group of data of different data types 

o Data types can be int, char, float, double and long double etc. 

Unions 

Unions are quite similar to the structures in C. Union is also a derived type as structure. Union 

can be defined in same manner as structures just the keyword used in defining union in 

union where keyword used in defining structure was struct. 

union car{ 

  char name[50]; 

  int price; 

}; 

File concepts 

• A file is a collection of related data that a computers treats as a single unit. 

• Computers store files to secondary storage so that the contents of files remain intact when 

a computer shuts down. 

• When a computer reads a file, it copies the file from the storage device to memory; when 

it writes to a file, it transfers data from memory to the storage device. 

• C uses a structure called FILE (defined in stdio.h) to store the attributes of a file. 

Steps in Processing a File 

1. Create the stream via a pointer variable using the FILE structure: 

FILE *p; 

2.  Open the file, associating the stream name with the file name. 

3.  Read or write the data. 
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4.  Close the file. 

Basic file operations  

The basic file operations are 

• fopen - open a file- specify how its opened (read/write) and type (binary/text)  

• fclose - close an opened file  

• fread - read from a file  

• fwrite - write to a file  

• fseek/fsetpos - move a file pointer to somewhere in a file.  

• ftell/fgetpos - tell you where the file pointer is located. 

Binary files 

Random Access files are different from sequential files in two important ways: 

You can jump instantly to any structure in the file, which provides random access as in an array. 

You can change the contents of a structure anywhere in the file at any time. 

Once one opens a file one can read, write, or seek any arbitrary structure in the file. C maintains 

a "file pointer" to enable these functions. When the file is opened, the pointer points to record 0 

(the first record in the file). Any read operation reads the currently pointed-to structure and 

moves the pointer to the next record or structure. A write is done at the currently pointed-to 

structure and moves the pointer down one structure. Seek moves the pointer to the specified 

record. 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Structures – Declaration & Definition 

Time: 45 Minutes 

Lesson. No: 2/10 

1. Topics to be Covered:  Structures – Declaration & Definition 

2. Skills Addressed    : Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the structures in C. 

4. Outcome (s): 

At the end of the lesson the students will be able to :  

 Define structure. 

 Declare structure and access the structure members. 

 Write a  C program using structures 

5. Link Sheet:  

 How to declare a structure? 

 Explain structure within structure with example. 

 How to create object for a structure? 

 Why structure is needed? 

6. Evocation: (5 Minutes) 
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7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 

2nd Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Data structure implementation like linked list, stack and queues. 
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2.2 Structures 

A structure is a collection of variables under a single name. These variables can be of different 

types, and each has a name which is used to select it from the structure. A structure is a 

convenient way of grouping several pieces of related information together.  

A structure can be defined as a new named type, thus extending the number of available types. It 

can use other structures, arrays or pointers as some of its members, though this can get 

complicated unless you are careful 

Difference between C variable, C array and C structure: 

o A normal C variable can hold only one data of one data type at a time. 

o An array can hold group of data of same data type. 

o A structure can hold group of data of different data types 

o Data types can be int, char, float, double and long double etc. 

Datatype C variable C array C structure 

Syntax Example Syntax Example Syntax Example 

int int a a = 20 int a[3] 

a[0] = 10 

a[1] = 20 

a[2] = 30 

a[3] = „\0′ 

struct student 

{ 

int a; 

char b[10]; 

} 

a = 10 

b = “Hello” 

char char b b=‟Z‟ char b[10] b=”Hello” 

Defining a Structure 

A structure type is usually defined near to the start of a file using a typedef statement. typedef 

defines and names a new type, allowing its use throughout the program. typedefs usually occur 

just after the #define and #include statements in a file.  

The format for defining a structure is  

 

struct Tag { 

  Members 

}; 

Where Tag is the name of the entire type of structure and Members are the variables within the 

struct. To actually create a single structure the syntax is  

 

struct Tag name_of_single_structure; 
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To access a variable of the structure it goes  

 

name_of_single_structure.name_of_variable; 

 

Here is an example structure definition.  

  typedef struct { 

          char name[64]; 

          char course[128]; 

          int age; 

          int year; 

  } student; 

This defines a new type student variables of type student can be declared as follows.  

  student st_rec; 

Notice how similar this is to declaring an int or float.  

The variable name is st_rec, it has members called name, course, age and year.  

Accessing Members of a Structure 

Each member of a structure can be used just like a normal variable, but its name will be a bit 

longer. To return to the examples above, member name of structure st_rec will behave just like a 

normal array of char, however we refer to it by the name  

  st_rec.name 

Here the dot is an operator which selects a member from a structure.  

Where we have a pointer to a structure we could dereference the pointer and then use dot as a 

member selector. This method is a little clumsy to type. Since selecting a member from a 

structure pointer happens frequently, it has its own operator -> which acts as follows. Assume 

that st_ptr is a pointer to a structure of type student We would refer to the name member as  

  st_ptr -> name 

 

Example program for C structure: 

           This program is used to store and access “id, name and percentage” for one student. We 

can also store and access these data for many students using array of structures. You can check 

“C – Array of Structures“ to know how to store and access these data for many students. 

#include <stdio.h> 

#include <string.h> 

 struct student  
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{ 

           int id; 

           char name[20]; 

           float percentage; 

}; 

int main()  

{ 

           struct student record = {0}; //Initializing to null 

  

           record.id=1; 

           strcpy(record.name, "Raju"); 

           record.percentage = 86.5; 

           printf(" Id is: %d \n", record.id); 

           printf(" Name is: %s \n", record.name); 

           printf(" Percentage is: %f \n", record.percentage); 

           return 0; 

} 

Output: 

Id is: 1 

Name is: Raju 

Percentage is: 86.500000 

 

C structure declaration in separate header file: 

           In above structure programs, C structure is declared in main source file. Instead of 

declaring C structure in main source file, we can have this structure declaration in another file 

called “header file” and we can include that header file in main source file as shown below. 

Header file name – structure.h 

Before compiling and executing below C program, create a file named “structure.h” and declare 

the below structure. 

struct student 

{ 

int id; 

char name[20]; 

float percentage; 

} record; 

Main file name – structure.c: 

           In this program, above created header file is included in “structure.c” source file as 

#include “Structure.h”. So, the structure declared in “structure.h” file can be used in “structure.c” 

source file. 
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// File name - structure.c 

#include <stdio.h> 

#include <string.h> 

#include "structure.h"   /* header file where C structure is declared */ 

 int main()  

{ 

   record.id=1; 

   strcpy(record.name, "Raju"); 

   record.percentage = 86.5; 

   printf(" Id is: %d \n", record.id); 

   printf(" Name is: %s \n", record.name); 

   printf(" Percentage is: %f \n", record.percentage); 

   return 0; 

} 

Output: 

Id is: 1 

Name is: Raju 

Percentage is: 86.500000 

 

Uses of C structures: 

1. C Structures can be used to store huge data. Structures act as a database. 

2. C Structures can be used to send data to the printer. 

3. C Structures can interact with keyboard and mouse to store the data. 

4. C Structures can be used in drawing and floppy formatting. 

5. C Structures can be used to clear output screen contents. 

6. C Structures can be used to check computer‟s memory size etc. 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code:  CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Structures - Types 

Time: 45 Minutes 

Lesson. No: 3/10 

1. Topics to be Covered:  Structures - Types 

2. Skills Addressed    : Listening 

3. Objectives of this Lesson Plan: 

To enable students to understand how structures can be used with pointers and 

functions 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Pass structures to a function 

 Write a program using structures & pointers. 

5. Link Sheet:  

 Explain about structure within structure with example. 

 Write a C program to find percentage of students using structure. 

6. Evocation: (5 Minutes) 
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7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 

2nd Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Linked list implementation 
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2.3 Structures - Types 

Keyword typedef while using structure 

Programmer generally use typedef while using structure in C language. For example: 

typedef struct complex{ 

  int imag; 

  float real; 

}comp; 

 

Inside main: 

comp c1,c2; 

Here, typedef keyword is used in creating a type comp(which is of type as struct complex). 

Then, two structure variables c1 and c2 are created by this comp type. 

Structures within structures 

Structures can be nested within other structures in C programming. 

struct complex 

{ 

 int imag_value; 

 float real_value; 

}; 

struct number{ 

   struct complex c1; 

   int real; 

}n1,n2; 

C Programming Structure and Pointer  

Pointers can be accessed along with structures. A pointer variable of structure can be created as 

below: 

struct name { 

    member1; 

    member2; 

    . 

    . 

}; 

-------- Inside function ------- 

struct name *ptr; 

Here, the pointer variable of type struct name is created. 

Structure's member through pointer can be used in two ways: 

1. Referencing pointer to another address to access memory 

2. Using dynamic memory allocation 
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Consider an example to access structure's member through pointer. 

#include <stdio.h> 

struct name{ 

   int a; 

   float b; 

}; 

int main(){ 

    struct name *ptr,p; 

    ptr=&p;            /* Referencing pointer to memory address of p */ 

    printf("Enter integer: "); 

    scanf("%d",&(*ptr).a); 

    printf("Enter number: "); 

    scanf("%f",&(*ptr).b); 

    printf("Displaying: "); 

    printf("%d%f",(*ptr).a,(*ptr).b); 

    return 0; 

} 

In this example, the pointer variable of type struct name is referenced to the address of p. Then, 

only the structure member through pointer can can accessed. 

Structure pointer member can also be accessed using -> operator. 

(*ptr).a is same as ptr->a 

(*ptr).b is same as ptr->b 

Accessing structure member through pointer using dynamic memory allocation 

To access structure member using pointers, memory can be allocated dynamically using malloc() 

function defined under "stdlib.h" header file. 

Syntax to use malloc() 

ptr=(cast-type*)malloc(byte-size) 

Example to use structure's member through pointer using malloc() function. 

#include <stdio.h> 

#include<stdlib.h> 

struct name { 

   int a; 

   float b; 

   char c[30]; 

}; 

int main(){ 

   struct name *ptr; 

   int i,n; 

   printf("Enter n: "); 

   scanf("%d",&n); 
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   ptr=(struct name*)malloc(n*sizeof(struct name)); 

/* Above statement allocates the memory for n structures with pointer ptr pointing to base 

address */ 

   for(i=0;i<n;++i){ 

       printf("Enter string, integer and floating number  respectively:\n"); 

       scanf("%s%d%f",&(ptr+i)->c,&(ptr+i)->a,&(ptr+i)->b); 

   } 

   printf("Displaying Infromation:\n"); 

   for(i=0;i<n;++i) 

       printf("%s\t%d\t%.2f\n",(ptr+i)->c,(ptr+i)->a,(ptr+i)->b); 

   return 0; 

} 

Output 

Enter n: 2 

Enter string, integer and floating number  respectively: 

Programming 

2 

3.2 

Enter string, integer and floating number  respectively: 

Structure 

6 

2.3 

Displaying Information 

Programming 2      3.20 

Structure       6      2.30 

C Programming Structure and Function  

In C, structure can be passed to functions by two methods: 

1. Passing by value (passing actual value as argument) 

2. Passing by reference (passing address of an argument) 

Passing structure by value 

A structure variable can be passed to the function as an argument as normal variable. If structure 

is passed by value, change made in structure variable in function definition does not reflect in 

original structure variable in calling function. 

Assignment: 

1) Write a C program to create a structure student, containing name and roll. Ask user 

the name and roll of a student in main function. Pass this structure to a function and 

display the information in that function. 

#include <stdio.h> 

struct student{ 
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    char name[50]; 

    int roll; 

}; 

void Display(struct student stu); 

/* function prototype should be below to the structure declaration otherwise compiler shows 

error */ 

int main(){ 

    struct student s1; 

    printf("Enter student's name: "); 

    scanf("%s",&s1.name); 

    printf("Enter roll number:"); 

    scanf("%d",&s1.roll); 

    Display(s1);   // passing structure variable s1 as argument 

    return 0; 

} 

void Display(struct student stu){ 

  printf("Output\nName: %s",stu.name); 

  printf("\nRoll: %d",stu.roll); 

} 

Output 

Enter student's name: Kevin Amla 

Enter roll number: 149 

Output 

Name: Kevin Amla 

Roll: 149 

Passing structure by reference 

The address location of structure variable is passed to function while passing it by reference. If 

structure is passed by reference, change made in structure variable in function definition reflects 

in original structure variable in the calling function. 

2) Write a C program to add two distances(feet-inch system) entered by user. To solve 

this program, make a structure. Pass two structure variable (containing distance in 

feet and inch) to add function by reference and display the result in main function 

without returning it. 

#include <stdio.h> 

struct distance{ 

    int feet; 

    float inch; 

}; 

void Add(struct distance d1,struct distance d2, struct distance *d3);  

int main() 

{ 

    struct distance dist1, dist2, dist3; 
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    printf("First distance\n"); 

    printf("Enter feet: "); 

    scanf("%d",&dist1.feet); 

    printf("Enter inch: "); 

    scanf("%f",&dist1.inch); 

    printf("Second distance\n"); 

    printf("Enter feet: "); 

    scanf("%d",&dist2.feet); 

    printf("Enter inch: "); 

    scanf("%f",&dist2.inch); 

    Add(dist1, dist2, &dist3);  

 

/*passing structure variables dist1 and dist2 by value whereas passing structure variable dist3 by 

reference */ 

    printf("\nSum of distances = %d\'-%.1f\"",dist3.feet, dist3.inch); 

    return 0; 

} 

void Add(struct distance d1,struct distance d2, struct distance *d3)  

{ 

/* Adding distances d1 and d2 and storing it in d3 */ 

     d3->feet=d1.feet+d2.feet;  

     d3->inch=d1.inch+d2.inch; 

     if (d3->inch>=12) {     /* if inch is greater or equal to 12, converting it to feet. */ 

         d3->inch-=12; 

         ++d3->feet; 

    } 

} 

Output 

First distance 

Enter feet: 12 

Enter inch: 6.8 

Second distance 

Enter feet: 5 

Enter inch: 7.5 

 

Sum of distances = 18'-2.3" 

Explanation 

In this program, structure variables dist1 and dist2 are passed by value (because value of dist1 

and dist2 does not need to be displayed in main function) and dist3 is passed by reference ,i.e, 

address of dist3 (&dist3) is passed as an argument. Thus, the structure pointer variable d3 points 

to the address of dist3. If any change is made in d3 variable, effect of it is seed in dist3 variable 

in main function. 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Unions 

Time: 45 Minutes 

Lesson. No: 4/10 

1. Topics to be Covered:  Unions 

2. Skills Addressed    : Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the union concepts in C. 

4. Outcome (s): 

At the end of the lesson the students will be able to :  

 Declare union.  

 Differentiate union from structure. 

5. Link Sheet:   

 Define union? 

 Write the syntax to represent union? 

 Expalin about union in detail with an example? 

6. Evocation: (5 Minutes) 

  
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 

2nd Edition, Pearson Education, 1988. 
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 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Memory management 

2.4 Unions 

Unions are quite similar to the structures in C. Union is also a derived type as structure. Union 

can be defined in same manner as structures just the keyword used in defining union in 

union where keyword used in defining structure was struct. 

union car{ 

  char name[50]; 

  int price; 

}; 

Union variables can be created in similar manner as structure variable. 

union car{ 

  char name[50]; 

  int price; 

}c1, c2, *c3; 

 

OR; 

 

union car{ 

  char name[50]; 

  int price; 

}; 

-------Inside Function----------- 

union car c1, c2, *c3; 

In both cases, union variables c1, c2 and union pointer variable c3 of type union car is created. 

Accessing members of an union 

The member of unions can be accessed in similar manner as that structure. Suppose, we you 

want to access price for union variable c1 in above example, it can be accessed as c1.price. If 

you want to access price for union pointer variable c3, it can be accessed as (*c3).price or as c3-

>price. 

Difference between union and structure 

Though unions are similar to structure in so many ways, the difference between them is crucial 

to understand. This can be demonstrated by this example: 

#include <stdio.h> 
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union job {         //defining a union 

   char name[32]; 

   float salary; 

   int worker_no; 

}u; 

struct job1 { 

   char name[32]; 

   float salary; 

   int worker_no; 

}s; 

int main(){ 

   printf("size of union = %d",sizeof(u)); 

   printf("\nsize of structure = %d", sizeof(s)); 

   return 0; 

} 

Output 

size of union = 32 

size of structure = 40 

There is difference in memory allocation between union and structure as suggested in above 

example. The amount of memory required to store a structure variables is the sum of memory 

size of all members. But, the memory required to store a union variable is the memory required 

for largest element of an union. 

What difference does it make between structure and union? 

As you know, all members of structure can be accessed at any time. But, only one member of 

union can be accessed at a time in case of union and other members will contain garbage value. 

#include <stdio.h> 

union job { 

   char name[32]; 

   float salary; 

   int worker_no; 

}u; 

int main(){ 

   printf("Enter name:\n"); 

   scanf("%s",&u.name); 

   printf("Enter salary: \n"); 

   scanf("%f",&u.salary); 

   printf("Displaying\nName :%s\n",u.name); 

   printf("Salary: %.1f",u.salary); 

   return 0; 

} 
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Output 
Enter name  

Hillary 

Enter salary 

1234.23 

Displaying 

Name: f%Bary    

Salary: 1234.2 

Note: You may get different garbage value of name. 

Why this output? 
Initially,  Hillary will be stored in u.name and other members of union will contain garbage 

value. But when user enters value of salary, 1234.23 will be stored in u.salary and other members 

will contain garbage value. Thus in output, salary is printed accurately but, name displays some 

random string. 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code:  CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  File Handling Concepts 

Time: 45 Minutes 

Lesson. No: 5/10 

1. Topics to be Covered:  File Handling Concepts 

2. Skills Addressed    : Listening, Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand the file handling concepts. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Define a file in C. 

 List the basic operations performed in a file. 

5. Link Sheet:   

 Define file.  

 What are the basci operations in a file? 

 Write the syntax to open and close a file? 

 Expalin file handling concepts with an example. 

6. Evocation: (5 Minutes) 

   
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  
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 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 

2nd Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Storage management 

 

2.5 File handling Concepts 

Console oriented Input/Output 

• Console oriented – use terminal (keyboard/screen) 

• scanf(“%d”,&i) – read data from keyboard 

• printf(“%d”,i) – print data to monitor 

• Suitable for small volumes of data 

• Data lost when program terminated 

Real-life applications 

• Large data volumes 

• E.g. physical experiments (CERN collider), human genome, population records etc. 

• Need for flexible approach to store/retrieve data 

• Concept of files  

What is a file? 

• A file is a collection of related data that a computers treats as a single unit. 

• Computers store files to secondary storage so that the contents of files remain intact when 

a computer shuts down. 

• When a computer reads a file, it copies the file from the storage device to memory; when 

it writes to a file, it transfers data from memory to the storage device. 

• C uses a structure called FILE (defined in stdio.h) to store the attributes of a file. 

Filename 

• String of characters that make up a valid filename for OS 

• May contain two parts 

– Primary 

– Optional period with extension 

• Examples: a.out, prog.c, temp, text.out  

Steps in Processing a File 

5. Create the stream via a pointer variable using the FILE structure: 

FILE *p; 

6.  Open the file, associating the stream name with the file name. 

7.  Read or write the data. 

8.  Close the file. 

Basic file operations  

The basic file operations are 
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• fopen - open a file- specify how its opened (read/write) and type (binary/text)  

• fclose - close an opened file  

• fread - read from a file  

• fwrite - write to a file  

• fseek/fsetpos - move a file pointer to somewhere in a file.  

• ftell/fgetpos - tell you where the file pointer is located.  

Opening a file 

• The file open function (fopen) serves two purposes: 

• It makes the connection between the physical file and the stream. 

• It creates “a program file structure to store the information” C needs to process 

the file. 

Syntax 

FILE *fopen(const char *filename, const char *mode); 

Description 

• Opens a stream. 

• fopen opens the file named by filename and associates a stream with it. 

• fopen returns a pointer to be used to identify the stream in subsequent operations. 

• The mode string used in calls to fopen  

Example: 

FILE *fp;  /*variable fp is pointer to type FILE*/ 

fp = fopen(“filename”, “mode”);  

/*opens file with name filename , assigns identifier to fp */  

• fp  

– contains all information about file 

– Communication link between system and program 

File open modes 

 
 

Additional modes 

• r+   - open to beginning for both reading/writing 

• w+  - same as w except both for reading and writing 
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• a+   - same as „a‟ except both for reading and writing 
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Closing a file 

• File must be closed as soon as all operations on it completed 

• Ensures  

• All outstanding information associated with file flushed out from buffers 

• All links to file broken 

• Accidental misuse of file prevented 

• If want to change mode of file, then first close and open again 

Syntax:    fclose(file_pointer); 

Example: 

FILE *p1, *p2; 

p1 = fopen(“INPUT.txt”, “r”); 

p2 =fopen(“OUTPUT.txt”, “w”); 

…….. 

…….. 

fclose(p1);  

fclose(p2);  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology - Virudhunagar 
 

CS6202 / Programming and Data Structures I Page 28 
 

 

 

 

 

Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code:  CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for File read  

Time: 45 Minutes 

Lesson. No: 6/10 

1. Topics to be Covered:  File read 

2. Skills Addressed    : Listening 

3. Objectives of this Lesson Plan: 

To enable students to understand the read operations performed in a file. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Write the syntax for reading data from a file. 

 List the different ways to read a file. 

5. Link Sheet:   

 Write a C program to read the contents form the file. 

 List the different ways to read a file. 

6. Evocation: (5 Minutes) 

  
7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 

2nd Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 
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9. Application 

Storage management 

 

 

 

2.6 File Read 

C provides four functions that can be used to read files from disk: 

1. fscanf() 

2. fgets() 

3. fgetc() 

4. fread( 

fscanf() 

fscanf() is a field oriented function and is inappropriate for use in a robust, general-purpose text 

file reader. It has two major drawbacks: 

 You must know the exact data layout of the input file in advance and rewrite the function 

call for every different layout. 

 It's difficult to read text strings that contain spaces because fscanf() sees space characters 

as field delimiters 

Syntax: 

 fscanf (fp,"string",identifiers);  

Example: 

FILE *fp; 

Fp=fopen(“input.txt”,”r”); 

int i;  

fscanf (fp,“%d",i);  

Program 

#include <stdio.h> 

int main ( ) 

{ 

   FILE *outfile, *infile ; 

   int b = 5, f ; 

   float a = 13.72, c = 6.68, e, g ; 

   outfile = fopen ("testdata", "w") ; 

   fprintf (outfile, “ %f %d %f ", a, b, c) ; 

   fclose (outfile) ; 

   infile = fopen ("testdata", "r") ; 
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   fscanf (infile,"%f %d %f", &e, &f, &g) ; 

   printf (“ %f %d %f \n ", a, b, c) ; 

   printf (“ %f %d %f \n ", e, f, g) ; 

} 

getc() 

Syntax: 

identifier = getc (file pointer); 

Example: 

FILE *fp;  

fp=fopen(“input.txt”,”r”); 

char ch;   

ch = getc (fp);  

Program 

#include <stdio.h> 

#include<conio.h> 

void main() 

{ 

char ch; 

FILE *fp; 

fp=fopen("out.txt","r"); 

while(!feof(fp)) 

{ 

ch=getc(fp); 

printf("\n%c",ch); 

} 

getch(); 

 } 

fgets() 

fgets() is a line oriented function. The ANSI prototype is: 

  char *fgets(char *s, 

              int n, 

              FILE *stream); 

The function reads from the stream pointed to by stream and places the output into the character 

array pointed to by s. It will stop reading when any of the following conditions are true: 

 It has read n - 1 bytes (one character is reserved for the null-terminator), or 

 It encounters a newline character (a line-feed in the compilers tested here), or 

 It reaches the end of file, or 

 A read error occurs. 

fgets() automatically appends a null-terminator to the data read. 
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Class / Sem: I CSE / II Semester 

Subject Code:  CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  File write 

Time: 45 Minutes 

Lesson. No: 7/10 

1. Topics to be Covered:  File write 

2. Skills Addressed    : Listening 

3. Objectives of this Lesson Plan: 

To enable students to understand how to write contents into the file. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Write the syntax for writing data into file. 

 List the different ways to write a file. 

5. Link Sheet:   

 Write a C program to write into a file. 

 List the different ways to write into an file. 

6. Evocation: (5 Minutes) 

  
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 

2nd Edition, Pearson Education, 1988. 
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 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Storage management 

2.7 File Write 

fprintf() 

- Outputs the text to a file 

Syntax: 

 fprintf (fp,"string",variables);  

Example: 

int i = 12;  

float x = 2.356;  

char ch = 's';  

FILE *fp; 

fp=fopen(“out.txt”,”w”); 

fprintf (fp, "%d %f %c", i, x, ch);  

Program 

#include <stdio.h> 

int main ( ) 

{ 

   FILE *outfile, *infile ; 

   int b = 5, f ; 

   float a = 13.72, c = 6.68, e, g ; 

   outfile = fopen ("testdata", "w") ; 

   fprintf (outfile, “ %f %d %f ", a, b, c) ; 

   fclose (outfile) ; 

   infile = fopen ("testdata", "r") ; 

   fscanf (infile,"%f %d %f", &e, &f, &g) ; 

   printf (“ %f %d %f \n ", a, b, c) ; 

   printf (“ %f %d %f \n ", e, f, g) ; 

} 

fputc() 

- write a single character to the output file. 

Syntax: 

  int fputc(int ch, FILE *pfile); 

The function writes the character specified by the first argument to the file identified by the 

second argument, which is a file pointer.  

Example: 

FILE *fp;  

char ch;  
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putc (ch,fp);  

Program: 

#include<stdio.h> 

#include<stdlib.h> 

int main() 

{ 

 FILE *fptr; 

 char text[100]; 

 int i=0; 

 printf(“Enter a text:\n”); 

 gets(text); 

 if(fptr=fopen(“TEST”,”w”))==NULL) 

 { 

  printf(“Cannot open file\n”); 

  exit(1); 

 } 

 while(text[i]!=‟\0‟) 

  fputc(text[i++],fptr); 

 if(fclose(fptr)) 

  printf(“File close error\n”); 

 getch(); 

return 0; 

} 
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Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code:  CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Binary Files 

Time: 45 Minutes 

Lesson. No: 8/10 

1. Topics to be Covered:  Binary Files 

2.    Skills Addressed    : Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand the binary files. 

4. Outcome (s): 

At the end of the lesson the students will be able to :  

 Define binary file 

 State the need for binary file. 

 List the binary modes  

5. Link Sheet:   

 What is the use of binary files? 

 Explain binary file concept in detail. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 

2nd Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 
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9. Application 

Storage management 

2.8 Binary Files 

Binary Files 

 Binary file is a sequence of bytes in binary form for computer storage and processing 

purposes. Binary file formats includes 

 Text 

 Image 

 Sounds 

 Compressed version of other files. 

Need for Binary Files 

Generally, in text files, integer value occupies two bytes, but when it is stored in disk 

using fprintf() it occupies one byte for each character (ie) 22157 occupies 5 bytes. Storing 

numerical data on the disk using text mode becomes inefficient as it occupies more memory 

space. Therefore binary modes are used for reading and writing data in the files. 

Binary Modes 

Modes Description 

rb Opens a binary file in read mode 

wb Opens a binary file in write mode 

ab Opens a binary file in append mode 

r+b Opens an existing file in read and write mode 

w+b Creates a new file in read and write mode 

a+b Opens an existing file and writes data from the end of the file. If the file 

doesn‟t exist, data is written to the new file. 

fread() 

fread() is a block oriented function. The ANSI prototype is: 

  size_t fread(void *ptr,size_t size,size_t nmemb,FILE *stream); 

The function reads from the stream pointed to by stream and places the output into the array 

pointed to by ptr. It will stop reading when any of the following conditions are true: 

 It has read nmemb elements of size size, or 

 It reaches the end of file, or 

 A read error occurs. 

fread() gives you as much control as fgetc(), and has the advantage of being able to read more 

than one character in a single I/O operation. In fact, memory permitting, you can read the entire 

file into an array and do all of your processing in memory. This has significant performance 

advantages. 
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fread() is often used to read fixed-length data records directly into structs, but you can use it to 

read any file. It's my personal choice for reading most disk files. 

Example: 

#include <stdio.h>    

int main()  

{  

 FILE *f;   

  char buffer[11]; 

  if (f = fopen("fred.txt", “r”))  

 {  

  fread(buffer, 1, 10, f);  

  buffer[10] = 0;  

  fclose(f);  

  printf("first 10 characters of the file:\n%s\n", buffer); 

  }   

 return 0;  

} 

fwrite() 

Declaration: 

   size_t fwrite(const void *ptr, size_t size, size_t n, FILE*stream); 

  

fwrite appends a specified number of equal-sized data items to an output file. 

  ptr        = Pointer to any object; the data written begins at ptr  

  size      = Length of each item of data 

  n          =Number of data items to be appended 

  stream = file pointer 

Example: 

#include <stdio.h> 

int main() 

{ 

char a[10]={'1','2','3','4','5','6','7','8','9','a'}; 

FILE *fs; 

fs=fopen("Project.txt","w"); 

fwrite(a,1,10,fs); 

fclose(fs); 

return 0; 

}  

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology - Virudhunagar 
 

CS6202 / Programming and Data Structures I Page 37 
 

fseek() 

This function sets the file position indicator for the stream pointed to by stream or you can say it 

seeks a specified place within a file and modify it.  

 SEEK_SET   Seeks from beginning of file 

 SEEK_CUR   Seeks from current position 

 SEEK_END   Seeks from end of file 

Example: 

#include <stdio.h>  

int main() 

 { 

       FILE * f; 

       f = fopen("myfile.txt", "w"); 

       fputs("Hello World", f); 

       fseek(f, 6, SEEK_SET);         SEEK_CUR,   SEEK_END 

       fputs(" India", f); 

       fclose(f); 

       return 0; 

}  

ftell() 

Syntax: 

offset = ftell( file pointer );  

 "ftell" returns the current position for input or output on the file  

 #include <stdio.h> 

int main(void) 

{ 

   FILE *stream; 

   stream = fopen("MYFILE.TXT", "w"); 

   fprintf(stream, "This is a test"); 

   printf("The file pointer is at byte %ld\n", ftell(stream)); 

   fclose(stream); 

   return 0; 

} 
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Lesson Plan for  Stdio 

Time: 45 Minutes 

Lesson. No: 9/10 

1. Topics to be Covered:  Stdio 

2.  Skills Addressed    : Listening 

3. Objectives of this Lesson Plan: 

To enable students to understand the stream I/O. 

4. Outcome (s): 

At the end of the lesson the students will be able to : 

 Define stream I/O 

 Mention stream I/O functions 

5. Link Sheet:   

 List the I/O functions. 

 What are the uses of stdio library files. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 

2nd Edition, Pearson Education, 1988. 
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 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Storage Management 

2.9 Stdio 

The stdio .h header defines three variable types, several macros and various functions for 

performing input and output. 

Library Variables 

Following are the variable types defined in the header stdio.h: 

S.N. Variable & Description 

1 
size_t  

This is the unsigned integral type and is the result of the sizeof keyword. 

2 
FILE  

This is an object type suitable for storing information for a file stream. 

3 
fpos_t  

This is an object type suitable for storing any position in a file. 

Library Macros 

Following are the macros defined in the header stdio.h: 

S.No. Macro & Description 

1 
NULL 

This macro is the value of a null pointer constant. 

2 

_IOFBF, _IOLBF and _IONBF  

These are the macros which expand to integral constant expressions with distinct 

values and suitable for the use as third argument to the setvbuf function. 

3 

BUFSIZ 

This macro is an integer which represents the size of the buffer used by the setbuf 

function. 

4 
EOFM  

This macro is a negative integer which indicates an end-of-file has been reached. 

5 

FOPEN_MAX  

This macro is an integer which represents the maximum number of files that the 

system can guarantee that can be opened simultaneously. 

6 
FILENAME_MAX  

This macro is an integer which represents the longest length of a char array suitable for 
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holding the longest possible filename. If the implementation imposes no limit, then this 

value should be the recommended maximum value. 

7 

L_tmpnam  

This macro is an integer which represents the longest length of a char array suitable for 

holding the longest possible temporary filename created by the tmpnam function. 

8 
SEEK_CUR, SEEK_END, and SEEK_SET  

These macros are used in the fseek function to locate different positions in a file. 

9 

TMP_MAX  

This macro is the maximum number of unique filenames that the function tmpnam can 

generate. 

10 

stderr, stdin, and stdout  

These macros are pointers to FILE types which correspond to the standard error, 

standard input, and standard output streams. 

Library Functions 

Following are the functions defined in the header stdio.h: 

S.No. Function & Description 

1 
int fclose(FILE *stream) 

Closes the stream. All buffers are flushed.  

2 
void clearerr(FILE *stream) 

Clears the end-of-file and error indicators for the given stream. 

3 
int feof(FILE *stream) 

Tests the end-of-file indicator for the given stream. 

4 
int ferror(FILE *stream) 

Tests the error indicator for the given stream. 

5 
int fflush(FILE *stream) 

Flushes the output buffer of a stream. 

6 
int fgetpos(FILE *stream, fpos_t *pos) 

Gets the current file position of the stream and writes it to pos. 

7 
FILE *fopen(const char *filename, const char *mode) 

Opens the filename pointed to by filename using the given mode. 

8 
size_t fread(void *ptr, size_t size, size_t nmemb, FILE *stream) 

Reads data from the given stream into the array pointed to by ptr. 

9 

FILE *freopen(const char *filename, const char *mode, FILE *stream) 

Associates a new filename with the given open stream and same time closing the old 

file in stream. 
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10 

int fseek(FILE *stream, long int offset, int whence) 

Sets the file position of the stream to the given offset. The argument offset signifies 

the number of bytes to seek from the given whence position. 

11 

int fsetpos(FILE *stream, const fpos_t *pos) 

Sets the file position of the given stream to the given position. The argument pos is a 

position given by the function fgetpos. 

12 
long int ftell(FILE *stream) 

Returns the current file position of the given stream. 

13 
size_t fwrite(const void *ptr, size_t size, size_t nmemb, FILE *stream) 

Writes data from the array pointed to by ptr to the given stream. 

14 
int remove(const char *filename) 

Deletes the given filename so that it is no longer accessible. 

15 
int rename(const char *old_filename, const char *new_filename) 

Causes the filename referred to by old_filename to be changed to new_filename. 

16 
void rewind(FILE *stream) 

Sets the file position to the beginning of the file of the given stream. 

17 
void setbuf(FILE *stream, char *buffer) 

Defines how a stream should be buffered. 

18 
int setvbuf(FILE *stream, char *buffer, int mode, size_t size) 

Another function to define how a stream should be buffered. 

19 
FILE *tmpfile(void) 

Creates a temporary file in binary update mode (wb+). 

20 
char *tmpnam(char *str) 

Generates and returns a valid temporary filename which does not exist. 

21 
int fprintf(FILE *stream, const char *format, ...) 

Sends formatted output to a stream. 

22 
int printf(const char *format, ...) 

Sends formatted output to stdout. 

23 
int sprintf(char *str, const char *format, ...) 

Sends formatted output to a string. 

24 
int vfprintf(FILE *stream, const char *format, va_list arg) 

Sends formatted output to a stream using an argument list. 

25 
int vprintf(const char *format, va_list arg) 

Sends formatted output to stdout using an argument list. 

26 
int vsprintf(char *str, const char *format, va_list arg) 

Sends formatted output to a string using an argument list. 
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27 
int fscanf(FILE *stream, const char *format, ...) 

Reads formatted input from a stream. 

28 
int scanf(const char *format, ...) 

Reads formatted input from stdin. 

29 
int sscanf(const char *str, const char *format, ...) 

Reads formatted input from a string. 

30 

int fgetc(FILE *stream) 

Gets the next character (an unsigned char) from the specified stream and advances 

the position indicator for the stream. 

31 

char *fgets(char *str, int n, FILE *stream) 

Reads a line from the specified stream and stores it into the string pointed to by str. It 

stops when either (n-1) characters are read, the newline character is read, or the end-

of-file is reached, whichever comes first. 

32 

int fputc(int char, FILE *stream) 

Writes a character (an unsigned char) specified by the argument char to the specified 

stream and advances the position indicator for the stream. 

33 
int fputs(const char *str, FILE *stream) 

Writes a string to the specified stream up to but not including the null character. 

34 

int getc(FILE *stream) 

Gets the next character (an unsigned char) from the specified stream and advances 

the position indicator for the stream. 

35 
int getchar(void) 

Gets a character (an unsigned char) from stdin. 

36 

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. 

37 

int putc(int char, FILE *stream) 

Writes a character (an unsigned char) specified by the argument char to the specified 

stream and advances the position indicator for the stream. 

38 int putchar(int char) 

Writes a character (an unsigned char) specified by the argument char to stdout. 

39 
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. 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code:  CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  File manipulation 

Time: 45 Minutes 

Lesson. No: 10/10 

1. Topics to be Covered:  File manipulation 

2. Skills Addressed    : Listening, Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand the file manipulation concepts in C. 

4. Outcome (s): 

At the end of the lesson the students will be able to :  

 List the functions in file handling 

 Write the syntax for file manipulation functions. 

5. Link Sheet:   

 Write a C program to perform the opeartions of a file. 

6. Evocation: (5 Minutes) 

  
7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 

2nd Edition, Pearson Education, 1988. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 
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Storage Management 

2.10 File Manipulations 

#include<stdio.h> 

#include<string.h> 

#define SIZE 1 

#define NUMELEM 5 

int main(void) 

{ 

    FILE* fd = NULL; 

    char buff[100]; 

    memset(buff,0,sizeof(buff)); 

    fd = fopen("test.txt","rw+"); 

    if(NULL == fd) 

    { 

        printf("\n fopen() Error!!!\n"); 

        return 1; 

    } 

    printf("\n File opened successfully through fopen()\n"); 

    if(SIZE*NUMELEM != fread(buff,SIZE,NUMELEM,fd)) 

    { 

        printf("\n fread() failed\n"); 

        return 1; 

    } 

    printf("\n Some bytes successfully read through fread()\n"); 

    printf("\n The bytes read are [%s]\n",buff); 

    if(0 != fseek(fd,11,SEEK_CUR)) 

    { 

        printf("\n fseek() failed\n"); 

        return 1; 

    } 

    printf("\n fseek() successful\n"); 

    if(SIZE*NUMELEM != fwrite(buff,SIZE,strlen(buff),fd)) 

    { 

        printf("\n fwrite() failed\n"); 

        return 1; 

    } 

    printf("\n fwrite() successful, data written to text file\n"); 

    fclose(fd); 

    printf("\n File stream closed through fclose()\n"); 

    return 0; 

} 

The code above assumes that you have a test file “test.txt” placed in the same location from 

where this executable will be run. 
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Initially the content in file is : 

$ cat test.txt 

hello everybody 

Now, run the code : 

$ ./fileHandling  

 

 File opened successfully through fopen() 

 

 Some bytes successfully read through fread() 

 

 The bytes read are [hello] 

 

 fseek() successful 

 

 fwrite() successful, data written to text file 

 

 File stream closed through fclose() 

Again check the contents of the file test.txt. As you see below, the content of the file was 

modified. 

$ cat test.txt 

hello everybody 

hello 
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Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared by: T. Vithya 

 

Unit III Linear Data Structures – List        

Abstract Data Types (ADTs) – List ADT – array-based implementation – linked list 

implementation –– singly linked lists- circularly linked lists- doubly-linked lists – applications of 

lists –Polynomial Manipulation – All operation (Insertion, Deletion, Merge, Traversal) 

Textbook: 

T2. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, Pearson 

Education, 1997. 

T3. Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

 Lesson Plan 1 Abstract Data Types(ADTs) 

Lesson Plan 2 List ADT 

Lesson Plan 3 Array based implementation 

Lesson Plan 4 Linked list implementation 

Lesson Plan 5 Singly linked lists 

Lesson Plan 6 Doubly linked lists 

Lesson Plan 7 Singly linked circular lists 

Lesson Plan 8 Doubly linked circular lists 

Lesson Plan 9 Application of Lists - Polynomial Manipulation  

Lesson Plan 10 Application of Lists - Multilists 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code:  CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Abstract Data Types (ADTs) 

Time: 45 Minutes 

Lesson. No: 1/10 

1. Topics to be covered:  Abstract Data Types (ADTs) 

2. Skills Addressed    : Listening 

3. Objectives of this Lesson Plan: 

To enable students to understand the abstract data types. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Define a data structure 

 List the types of data structures 

 Discuss about abstract data types 

5. Link Sheet:  

 Define Data Structures. 

 What are the types of data structure. 

 Define ADT and give examples. 

6. Evocation: (5 Minutes) 

 
7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
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9. Application 

Implementation of algorithms 

 

3.1 Introduction to Data Structures 

Data Structure 

 Way of organizing and storing data in a computer system  

 This organization is done under a common name. 

 Depicts the logical representation of data in computer memory. 

Types of Data Structure 

 
Arrays 

 Collection of similar type data elements stored at consecutive locations in the memory. 

 

 Advantages 

 Individual data elements can be easily referred. 

 Limitations  

 Wastage of memory space. 

Linked Lists 

 To store data in the form of a list of nodes connected to each other through pointers. 

 Each node has two parts – data and pointer to next data 
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 Advantages 

 Optimize the use of storage space. 

 Limitations 

 Individual elements cannot be referred directly 

Stacks 

 Maintains a list of elements in a manner that elements can be inserted or deleted only 

from one end (referred as top of the stack) of the list. 

 

 LIFO-Last In First Out principle. 

 Applications 

 Implementations of system processes like program control, recursion control 

Queues 

 Maintains a list of elements such that insertion happens at rear end and deletion happens 

at front end 

 FIFO – First In First Out principle 

 
 

Trees 

 Represent data containing hierarchical relationship between elements. 

 Example: family trees, records and table of contents. 
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 Applications 

 Implementing search algorithms 

 

Graphs 

 It is a linked data structure that comprises of vertices and a group of edges. 

 Edges are associated with certain values called weights. 

 Helps to compute the cost of traversing the graph through a certain path.  

 
 

Abstract Data Types (ADTs) in C 

 

 C is not object-oriented, but we can still manage to inject some object-oriented principles 

into the design of C code. 

 For example, a data structure and its operations can be packaged together into an entity 

called an ADT.  

 There’s a clean, simple interface between the ADT and the program(s) that use it.  

 The lower-level implementation details of the data structure are hidden from view of the 

rest of the program. 
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 An abstract data type (ADT) is a set of operations and mathematical abstractions , which 

can be viewed as how the set of operations is implemented. Objects like lists, sets and 

graphs, along with their operation, can be viewed as abstract data types, just as integers, 

real numbers and Booleans. 

Features of ADT. 

o Modularity  

 Divide program into small functions 

 Easy to debug and maintain 

 Easy to modify 

o Reuse 

 Define some operations only once and reuse them in future 

o Easy to change the implementation 
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Technology 
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Class / Sem: I CSE  / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  List ADT 

Time: 45 Minutes 

Lesson. No: 2/10 

1. Topics to be covered:  List ADT 

2. Skills Addressed    : Listening, Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the List ADT. 

4. Outcome (s): 

At the end of the lesson the students will be able to: 

 Define list ADT. 

 List the operations performed on a list. 

5. Link Sheet:  

 Define List. 

 Difference between array and linked list implementation. 

6. Evocation: (5 Minutes) 

 
7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
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9. Application 

Sorting and searching algorithm implementation. 

 

3.2 List ADT 

LIST: 
       A list is a sequential data structure, ie. a collection of items accessible one after another 

beginning at the head and ending at the tail. 

 It is a widely used data structure for applications which do not need random access 

 Addition and removals can be made at any position in the list  

 lists are normally in the form of a1,a2,a3.....an. The size of this list is n.The first element of 

the list is a1,and the last element is an.The position of element ai in a list is i. 

 List of size 0 is called as null list. 

A list is a sequence of zero or more elements of a given type. The list is represented as 

sequence of elements separated by comma. 

A1,A2,A3…..AN 

where N>0 and A is of type element. 

 Basic Operations on a List 

 Creating a list 

 Traversing the list 

 Inserting an item in the list 

 Deleting an item from the list 

 Concatenating two lists into one  

 1.Storing a list in a static data structure(Array List) 

  This  implementation stores the list in an array. 

 The position of each element is given by an index from 0 to n-1, where n is the number of 

elements. 

 The element with the index can be accessed in constant time (ie) the time to access does 

not depend on the size of the list. 

 The time taken to add an element at the end of the list does not depend on the size of the 

list. But the time taken to add an element at any other point in the list depends on the size 

of the list because the subsequent elements must be shifted to next index value.So the 

additions near the start of the list take longer time than the additions near the middle or 

end. 

 Similarly when an element is removed,subsequent elements must be shifted to the 

previous index value. So removals near the start of the list take longer time than removals 

near the middle or end of the list. 
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Problems with Array implementation of lists:   

 Insertion and deletion are expensive. For example, inserting at position 0 (a new first 

element) requires first pushing the entire array down one spot to make room, whereas 

deleting the first element requires shifting all the elements in the list up one, so the worst 

case of these operations is O(n). 

 Even if the array is dynamically allocated, an estimate of the maximum size of the list is 

required. Usually this requires a high over-estimate, which wastes considerable space. 

This could be a serious limitation,  if there are many lists of unknown size. 

  Simple arrays are generally not used to implement lists. Because the running time for 

insertion and deletion is so slow and the list size must be known in advance 

2. Storing a list in a dynamic data structure(Linked List) 

 The Linked List is stored as a sequence of linked nodes which are not necessarily 

adjacent in memory. 

 Each node in a linked list contains data and a reference to the next node  

 The list can grow and shrink in size during execution of a program. 

 The list can be made just as long as required. It does not waste memory space because 

successive elements are connected by pointers.   

 The position of each element is given by an index from 0 to n-1, where n is the number of 

elements. 

 The time taken to access an element with an index depends on the index because each 

element of the list must be traversed until the required index is found. 

 The time taken to add an element at any point in the list does not depend on the size of 

the list,as no shifts are required 

 Additions and deletion near the end of the list take longer than additions near the middle 

or start of the list. because the list must be traversed until the required index is found 

Array versus Linked Lists 

1.Arrays are suitable for  
        - Randomly accessing any element. 

        - Searching the list for a particular value 

        - Inserting or deleting an element at the end. 

2.Linked lists are suitable for  
        -Inserting/Deleting an element. 

        -Applications where sequential access is required. 

        -In situations where the number of elements cannot be predicted beforehand. 
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Class / Sem:  I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Array Based Implementation 

Time: 45 Minutes 

Lesson. No: 3/10 

1. Topics to be covered:  Array Based Implementation 

2. Skills Addressed    : Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand the array based implementation of List ADT. 

4. Outcome (s): 

At the end of the lesson the students will be able to :  

 Define array 

 List the merits of array based implementation 

 Mention the limitations of array based implementation 

5. Link Sheet:  

 What is an array.  

 How to declare an array? 

 Give the routine to insert and delete an element into an array. 

 List the merits and demerits of array. 

6. Evocation: (5 Minutes) 

 
7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology – Virudhunagar  

CS6202/ Programming and Data Structures I Page 11 
 

9. Application 

List implementation 

 

3.3 Array Based Implementation 

 

Array is a collection of specific number of data stored in consecutive memory locations. 

 

20 10 30 40 50 60 

A[0] A[1] A[2] A[3] A[4] A[5] 

Fig 3.3.1 Array model 

Operations on Array 

 Insertion 

 Deletion 

 Merge 

 Traversal 

 Find 

Insertion Operation on Array 

 It is the process of adding an element into the existing array. It can be done at any 

position. 

 Insertion at the end is easy as it is done by shifting one position towards right of last 

element if it does not exceeds the array size 

 Example 

i) Insertion at the end: 

20 10 30 40   

A[0] A[1] A[2] A[3] A[4] A[5] 

Insert (70,A) 

20 10 30 40 70  

A[0] A[1] A[2] A[3] A[4] A[5] 

 

ii) Insertion at specified position 

 

 

 

Insert(40,1,A)    

 

 

 

  First shift the last element one position right (from location 2 to 3) 

 

 

 

20 10 30    

A[0] A[1] A[2] A[3] A[4] A[5] 

20 10 30    

A[0] A[1] A[2] A[3] A[4] A[5] 

20 10  30   

A[0] A[1] A[2] A[3] A[4] A[5] 
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  Shift the element (10)  one position right (from location 1 to 2)  

 

 

 

  Now insert element (40) at location 1  

 

 

 

 Routine to insert an element in an array 

void insert(int X, int P, int A[], int N) 

{ 

 if(P==N) 

  printf(“Array overflow”); 

 else 

 { 

  for(int i=N-1;i>=P;i--) 

   A[i+1]=A[i]; 

  A[P]=X; 

  N=N+1; 

 } 

}  

Deletion operation on an Array 

 It is the process of removing an element from the array at any position 

 Routine  

int deletion(int P,int A[],int N) 

{ 

 if(P==N-1) 

  temp=A[P]; 

 else 

 { 

  temp=A[P]; 

  for(i=P;i<N-1;i++) 

   A[i]=A[i+1]; 

 } 

N=N-1; 

return temp; 

} 

 

 

 

20  10 30   

A[0] A[1] A[2] A[3] A[4] A[5] 

20 40 10 30   

A[0] A[1] A[2] A[3] A[4] A[5] 
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Merge Operation 

 It is the process of combining two sorted array into single sorted array. 

 

 

 

 

 

 

 

 Routine to merge two sorted array 

void merge(int a[],int n, int b[],int m) 

{ 

 int c[n+m]; 

 int i=j=k=0; 

 while(i<n&&j<m) 

 { 

  if( a[i]<b[j]) 

  { 

   c[k] =a[i]; 

   i++; 

   k++; 

  } 

  else 

  { 

   c[k]=b[j]; 

   j++; 

   k++; 

  } 

 } 

 while(i<n) 

 { 

c[k] =a[i]; 

  i++; 

  k++; 

 } 

 while(j<m) 

 { 

c[k] =a[i]; 

  j++; 

  k++; 

2 4 6   

A[0] A[1] A[2] A[3] A[4] 

1 3 8   

B[0] B[1] B[2] B[3] B[4] 

1 2 3 4 6 8     

C[0] C[1] C[2] C[3] C[4] C[5] C[6] C[7] C[8] C[9] 
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 } 

} 

 

Find operation 

 It is the process of searching an element in the given array. If the element is found, it 

returns the position of the search element otherwise NULL. 

 Routine 

int find(int x, int a[], int N) 

{ 

 int pos,flag=0; 

 for(int i=0;i<N;i++) 

 { 

  if(x==a[i]) 

  { 

   flag=1; 

   pos=i; 

   break; 

  } 

 } 

 if(flag==1) 

  printf(“element %d is found at position %d”,x,pos); 

 else 

  printf(“Element not found”); 

 return pos; 

} 

Traversal operation 

 It is the process of visiting the elements in an array.  

 Routine 

void traversal(int a[],int n) 

{ 

  for(int i=0;i<n;i++) 

   printf(a[i]); 

 } 

Merits and demerits of array implementation of lists 

Merits 

 Fast, random access of elements 

 Memory efficient – very less amount of memory is required 

Demerits 
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 Insertion and deletion operations are very slow since the elements should be 

moved. 

 Redundant memory space – difficult to estimate the size of array. 
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Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Linked List implementation 

Time: 45 Minutes 

Lesson. No: 4/10 

1. Topics to be covered:  Linked List implementation 

2. Skills Addressed    : Listening 

3. Objectives of this Lesson Plan: 

To enable students to understand the linked list implementation of List ADT. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Define linked list. 

 List the merits of linked list implementation. 

 Mention the limitations of linked list implementation. 

5. Link Sheet: 

 Define linked list. Draw its representation. 

 What are the types of linked list? 

6. Evocation: (5 Minutes) 

 
7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
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9. Application 

List implementation 

3.4 Linked List Implementation 

 

Linked list consists of series of nodes. Each node contains the element and a pointer to its 

successor node. The pointer of the last node points to the NULL. 

 

Data element Next Pointer 

Node 

Types of linked list 

1. Singly linked list 

2. Doubly linked list 

3. Circular linked list 

 

Singly Linked Lists 

A singly linked list is a linked list in which each node contains only one link field 

pointing to the next node in the list. 

 

Doubly Linked Lists 

A doubly linked list is a linked list in which each node has three fields namely data field, 

forward link(FLINK) and Backward Link(BLINK). FLINK points to the successor node in the 

list whereas BLINK points to the predecessor node. 

Circular Linked List 

In circular linked list the pointer of the last node points to the first node. It can be 

implemented as 

o Singly linked circular list 

o Doubly linked circular list 
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Subject Code:  CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Singly Linked Lists 

Time: 45 Minutes 

Lesson. No: 5/10 

1. Topics to be covered:  Singly Linked Lists 

2. Skills Addressed    : Listening, Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the Singly Linked Lists. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Define singly linked lists. 

 Write the syntax for declaring singly linked list. 

 Discuss the routines to perform various operations on linked list. 

5. Link Sheet:  

 Draw the representation of singly linked list? 

 Write a C program to perform operation ( insert, delete, search) in an singly 

linked list? 

6. Evocation: (5 Minutes) 

 

 

 

 

 

 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 

9. Application 

Polynomial Manipulation 

 

10 20  40     Null 30 

Header L 

700 

550 

1000 

700 800 1000 

800 
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3.5 Singly Linked Lists 

 

A singly linked list is a linked list in which each node contains only one link field 

pointing to the next node in the list. 

 

 

 

       

 

 

                 

Declaration for Linked List 

 struct node; 

 typedef struct node *List; 

 typedef struct node *Position; 

 int isLast(List L); 

 int isEmpty(List L); 

 Position Find(int X,List L); 

 void Delete(int X, List L); 

 Position FindPrevious(int X,List L); 

 Position FindNext(int X,List L); 

 void insert(int X,List L, Position P); 

 void DeleteList(List L); 

 struct node 

 { 

  int Element; 

  Position Next; 

 }; 

Routine to insert an element in the List 

void Insert(int X,List L, Position P) 

{ 

 Position Newnode; 

 Newnode=malloc(sizeof(struct node)); 

 if(Newnode!=NULL) 

 { 

  Newnode→Element=X; 

  Newnode→Next=P→Next; 

  P→Next=Newnode; 

 } 

} 

10 20  40     Null 30 
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 Example : Insert(25,L,P) 

 

  

 

 

 

 

 

 

 

 

 

Routine to check whether the list is empty 

int isEmpty(List L) /* returns 1 if L is empty */ 

{ 

 if(L→Next==NULL) 

  return 1; 

} 

Routine to Check whether the current position is Last 

int isLast(Position P,List L) 

{ 

 if(P→Next==NULL) 

  return 1; 

} 

Find Routine 

Position Find(int X,List L) 

{ 

 Position P; 

 P=L→Next; 

 While(P!=NULL && P→Element!=X) 

  P= P→Next; 

 return P; 

} 

FindPrevious Routine 

Position FindPrevious(int X,List L) 

{ 

 Position P; 

 P=L; 

 While(P→Next!=NULL && P→Next →Element!=X) 

  P= P→Next; 
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 return P; 

} 

FindNext Routine 

Position FindNext(int X,List L) 

{ 

 Position P; 

 P=L→Next; 

 While(P→Next!=NULL && P→Element!=X) 

  P= P→Next; 

 return P→Next; 

} 

Routine to delete an element from the list 

void Deletion(int X,List L) 

{ 

 Position P,Temp; 

 P=FindPrevious(X,L); 

 if(isLast(P,L) 

 { 

  Temp= P→Next; 

  P→Next= Temp→Next; 

  Free(Temp); 

 } 

} 

Routine to delete the list 

void DeleteList(List L) 

{ 

 Position P,Temp; 

 P=L→Next; 

 L→Next=NULL; 

 while(P!=NULL) 

 {  

  Temp=P; 

  P=P→Next; 

  Free(Temp); 

 } 

} 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Doubly Linked Lists 

Time: 45 Minutes 

Lesson. No: 6/10 

1. Topics to be covered:  Doubly Linked Lists 

2. Skills Addressed    : Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the Doubly Linked Lists 

4. Outcome (s): 

At the end of the lesson the students will be able to :  

 Define doubly linked lists. 

 List the merits and demerits of doubly linked lists. 

 Discuss the routines to perform various operations on doubly linked lists. 

5. Link Sheet:  

 Write a C program to perform operations using doubly linked list. 

 Define doubly linked list.  

 What are the uses of forward and backward pointers. 

6. Evocation: (5 Minutes) 

 
7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
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9. Application 

Forward and backward searching algorithms 

 

3.6 Doubly Linked Lists 

A doubly linked list is a linked list in which each node has three fields namely data field, 

forward link(FLINK) and Backward Link(BLINK). FLINK points to the successor node in the 

list whereas BLINK points to the predecessor node. 

BLINK Data Element FLINK 

    Node in Doubly Linked List 

 

Structure Declaration 

struct node 

{ 

 int Element; 

 struct node *FLINK; 

 struct node *BLINK; 

}; 

Routine to insert an element in a doubly linked list 

void Insert(int X, List L, Position P) 

{ 

 struct node *Newnode; 

 Newnode=malloc(sizeof(struct node)); 

 if(Newnode!=NULL) 

 { 

  Newnode→Element = X; 

  Newnode→Flink = P→Flink; 

  P→Flink→Blink = Newnode; 

  P→Flink = Newnode; 

  Newnode →Blink=P; 

 } 

} 

Routine to delete an element in a doubly linked list 

void Deletion(int X,List L) 

{ 

 Position P; 

 if(Find(X,L) 

 { 
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  Temp=P; 

  P→Flink→Blink = NULL; 

  Free(Temp); 

 } 

 else 

 { 

Temp=P; 

P →Blink→Flink = P→Flink ; 

  P→Flink→Blink = P →Blink; 

  Free(Temp); 

 } 

} 

Advantages 

 Deletion operation is easier 

 Finding the predecessor and successor of a node is easier. 

Disadvantages 

 More memory space is required since it has two pointers. 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Singly Linked Circular List 

Time: 45 Minutes 

Lesson. No: 7/10 

1. Topics to be covered:  Singly Linked Circular List 

2. Skills Addressed    : Listening, Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the Singly Linked Circular List 

4. Outcome (s): 

At the end of the lesson the students will be able to : 

 Define singly linked circular list 

 Discuss the routines to perform various operations on singly linked circular lists. 

5. Link Sheet: 

 Define circular linked list. 

 What are the types of circular linked list? 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 

 

9. Application 

Polynomial Manipulation 
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3.7 Singly Linked Circular Lists 

Circular Linked List 

In circular linked list the pointer of the last node points to the first node. It can be 

implemented as 

o Singly linked circular list 

o Doubly linked circular list 

Singly linked circular list 

 

 
 

Structure Declaration 

struct node 

{ 

 int Element; 

 struct node *Next; 

}; 

Routine to insert an element in the beginning 

void Insert_beg(int X, List L) 

{ 

 struct node *Newnode; 

 Newnode=malloc(sizeof(struct node)); 

 if(Newnode !=NULL) 

 { 

  Newnode→Element=x; 

  Newnode→Next=L→Next; 

  L→Next= Newnode; 

 } 

} 

Routine to insert an element in the middle 

void Insert_mid(int X, List L,Position P) 

{ 

 struct node *Newnode; 

 Newnode=malloc(sizeof(struct node)); 

 if(Newnode !=NULL) 

 { 
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  Newnode→Element=x; 

  Newnode→Next=P→Next; 

  P→Next= Newnode; 

 } 

} 

Routine to insert an element in the last 

void Insert_last(int X, List L) 

{ 

 struct node *Newnode; 

 Newnode=malloc(sizeof(struct node)); 

 if(Newnode !=NULL) 

 { 

  P=L; 

  while(P→Next!=L) 

   P=P→Next; 

Newnode→Element=x; 

  P→Next= Newnode; 

  Newnode→Next=L; 

 } 

} 

Routine to delete an element from the beginning 

void dele_First(List L) 

{ 

 Position Temp; 

 Temp= L→Next; 

 L→Next= Temp→Next; 

 free(Temp); 

} 

Routine to delete an element from the middle 

void dele_mid(int X,List L) 

{ 

 Position P,Temp; 

 P=FindPrevious(X,L); 

 if(!isLast(P,L)) 

 { 

  Temp= P→Next; 

  P→Next= Temp→Next; 

  free(Temp); 

} 

} 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology – Virudhunagar  

CS6202/ Programming and Data Structures I Page 28 
 

Routine to delete an element in the last 

void dele_last(int X, List L) 

{ 

 Position P,Temp; 

 P=L; 

 while(P→Next→Next!=L) 

  P=P→Next; 

Temp=P→Next; 

 P→Next= L; 

 Free(Temp); 

} 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology – Virudhunagar  

CS6202/ Programming and Data Structures I Page 29 
 

 

Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem:  I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Doubly Linked Circular Lists 

Time: 45 Minutes 

Lesson. No: 8/10 

1. Topics to be covered:  Doubly Linked Circular Lists 

2. Skills Addressed    : Understanding, Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand the concept of doubly circular linked list. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Define Doubly Linked Circular Lists 

 Discuss the routines to perform various operations in Doubly Linked Circular 

Lists. 

5. Link Sheet:  

 What is doubly circular linked list? 

 Draw its representation. 

6. Evocation: (5 Minutes) 

 
7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
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9. Application 

Polynomial manipulation 

3.8 Doubly Linked Circular Lists 

A doubly linked circular list is a doubly linked list in which the forward link of the last 

node points to the first node and backward link of the first node points to the last node of the list. 

 

Structure Declaration 

struct node 

{ 

 int Element; 

 struct node *FLINK; 

 struct node *BLINK; 

}; 

Routine to insert an element at the beginning 

void Insert_beg(int X, List L) 

{ 

 Position Newnode; 

 Newnode=malloc(sizeof(struct node)); 

 if(Newnode!=NULL) 

 { 

  Newnode→Element = X; 

  Newnode→Flink = L→Flink; 

  L→Flink→Blink = Newnode; 

  L→Flink = Newnode; 

  Newnode →Blink=L; 

 } 

} 

Routine to insert an element in the middle 

void Insert_mid(int X, List L,Position P) 

{ 
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 Position Newnode; 

 Newnode=malloc(sizeof(struct node)); 

 if(Newnode!=NULL) 

 { 

  Newnode→Element = X; 

  Newnode→Flink = P→Flink; 

  P→Flink→Blink = Newnode; 

  P→Flink = Newnode; 

  Newnode →Blink=P; 

 } 

} 

Routine to insert an element at the last 

void Insert_last(int X, List L) 

{ 

 Position Newnode,P; 

 Newnode=malloc(sizeof(struct node)); 

 if(Newnode!=NULL) 

 { 

  P=L; 

  While(P→Flink!=NULL) 

 P= P→Flink; 

Newnode→Element = X; 

  P→Flink = Newnode; 

Newnode→Flink = L; 

  Newnode →Blink=P; 

  L→Blink = Newnode; 

 } 

} 

Routine to delete an element from the beginning 

void dele_first(List L) 

{ 

 Position Temp; 

 if(L→Flink! = NULL) 

 { 

  Temp= L→Flink ; 

  L→Flink = Temp→Flink; 

  Temp→Flink→Blink = L; 

free(Temp); 

 } 

} 
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Routine to delete an element from the middle 

void dele_mid(int X,List L) 

{ 

 Position P,Temp; 

 P=FindPrevious(X); 

 if(!isLast(P,L) 

 { 

  Temp= P→Flink ; 

  P→Flink = Temp→Flink; 

  Temp→Flink→Blink = P; 

free(Temp); 

 } 

} 

Routine to delete an element from the last 

void dele_last(List L) 

{ 

 Position Temp; 

 P=L; 

While(P→Flink!= L) 

 P= P→Flink; 

 Temp= P; 

 P→Blink →Flink = L; 

 L→Blink = P→Blink; 

free(Temp); 

} 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code : CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Polynomial Manipulation – Insertion, Deletion 

Time: 45 Minutes 

Lesson. No: 9/10 

1. Topics to be Covered:  Polynomial Manipulation – Insertion, Deletion 

2. Skills Addressed    : Listening, Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand about polynomial manipulations (Insertion, 

Deletion). 

4. Outcome(s): 

At the end of the lesson the students will be able to:  

 Perform operations in polynomial manipulations. 

 Insert and delete an element in list. 

5. Link Sheet:   

 Write C program to perform polynomial operations? 

 List the operation to be performed in polynomial manipulations? 

 Define polynomial manipulation. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Polynomial manipulation 
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3.9 Polynomial Manipulation – Insertion, Deletion 

 

Representing a polynomial using a linked list: 

  

A polynomial can be represented in an array or in a linked list by simply storing the 

coefficient and exponent of each term. However, for any polynomial operation , such as addition 

or  multiplication of polynomials , you will find that the linked list representation is more easier 

to deal with. First of all note that in a polynomial all the terms may not be present, especially if it 

is going to be a very high order polynomial.  

Consider, 

 

5 x
12

 + 2 x
9
 + 4x

7
 + 6x

5
 + x

2
 + 12 x 

 

Now this 12th order polynomial does not have all the 13 terms (including the constant term). 

It would be very easy to represent the polynomial using a linked list structure, where each node 

can hold information pertaining to a single term of the polynomial. 

 

Each node will need to store 

the variable x, 

the exponent and 

the coefficient for each term. 

  

It often does not matter whether the polynomial is in x or y. This information may not be very 

crucial for the intended operations on the polynomial. Thus we need to define a node structure to 

hold two integers , viz. exp and coff.   

Compare this representation with storing the same polynomial using an array structure. In the 

array we have to have keep a slot for each exponent of x, thus if we have a polynomial of order 

50 but containing just 6 terms, then a large number of entries will be zero in the array. You will 

also see that it would be also easy to manipulate a pair of polynomials if they are represented 

using linked lists. 

 

Addition of two polynomials: 

Consider addition of the following polynomials 

5 x
12

 + 2 x
9 

+ 4x
7
 + 6x

6
 + x

3 

7 x
8
 + 2 x

7
 + 8x

6
 + 6x

4
 + 2x

2
 + 3 x + 40 

 

The resulting polynomial is going to be 

5 x
12

 + 2 x
9
 + 7 x

8
 + 6 x

7
 + 14x

6
+ 6x

4
 +x

3
  + 2x

2
 + 3 x + 40 
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Now notice how the addition was carried out. Let us say the result of addition is going to be 

stored in a third list. We started with the highest power in any polynomial.  If there was no item 

having same exponent , we simply appended the term to the new list, and continued with the 

process. Wherever we found that the exponents were matching, we simply added the coefficients 

and then stored the term in the new list. 

If one list gets exhausted earlier and the other list still contains some lower order terms, then 

simply append the remaining terms to the new list. Now we are in a position to write our  

algorithm for adding two polynomials. Let phead1 , phead2 and phead3 represent the pointers of 

the three lists under consideration. Let each node contain two integers exp and coff . 

 

Let us assume that the two linked lists already contain relevant data about the two polynomials. 

Also assume that we have got a function append to insert a new node at the end of the given 

list.p1 = phead1;  

p2 = phead2; 

 Let us call malloc to create a new node p3 to build the third list 

 p3 = phead3; 

 /* now traverse the lists till one list gets exhausted */ 

while ((p1 != NULL) || (p2 != NULL)) 

{ 

 / * if the exponent of p1 is higher than that of p2 then the next term in final list is going to be the 

node of p1* / 

 while (p1 ->exp > p2 -> exp ) 

 { 

 p3 -> exp = p1 -> exp; 

 p3 -> coff = p1 -> coff ; 

 append (p3, phead3); 

 /* now move to the next term in list 1*/ 

 p1 = p1 -> next; 

 } 

 / * if p2 exponent turns out to be higher then make p3 same as p2 and append to final list*/ 

while (p1 ->exp < p2 -> exp ) 

 { 

 p3 -> exp = p2 -> exp; 

 p3 -> coff = p2 -> coff ; 

 append (p3, phead3); 

 p2 = p2 -> next; 

 } 

/* now consider the possibility that both exponents are same , then we must add the coefficients 

to get the term for the final list */ 

while (p1 ->exp = p2 -> exp ) 
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 { 

p3-> exp = p1-> exp; 

p3->coff = p1->coff + p2-> coff ; 

 append (p3, phead3) ; 

 p1 = p1->next ; 

 p2 = p2->next ; 

 } 

} 

 /* now consider the possibility that list2 gets exhausted , and there are terms remaining only in 

list1. So all those terms have to be appended to end of list3. However, you do not have to do it 

term by term, as p1 is already pointing to remaining terms, so simply append the pointer p1 to 

phead3 */ 

 if ( p1 != NULL)  append (p1, phead3) ; 

else 

 append (p2, phead3); 

Now, you can implement the algorithm in C, and maybe make it more efficient. 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Polynomial Manipulation – Merge, Traversal 

Time: 45 Minutes 

Lesson. No: 10/10 

1. Topics to be Covered:  Polynomial Manipulation – Merge, Traversal 

2. Skills Addressed    : Listening, Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand about Polynomial Manipulation – Merge, Traversal 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Perform operations in polynomial manipulations. 

 Merge and traverse the element in list. 

5. Link Sheet:  

 Write C program to perform polynomial operations? 

 List the operation to be performed in polynomial manipulations? 

 Define polynomial manipulation. 

 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Polynomial manipulation 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology – Virudhunagar  

CS6202/ Programming and Data Structures I Page 38 
 

3.10 Polynomial Manipulation – Merge, Traversal 

The linked list data structure supports the following operations. We assume that the location of 

the first node is given by the special vairable called head. 

 

 Insert(x, a) : Insert x next to element a in the list. 

 Remove(x): Remove element x from the list. 

 Find(x) : Find and return, if present, the location of element x. 

 Print() : Print the contents of the list. 

  

Using C style pointers, the following is the pseudocode for the operations. We assume that we 

have a structure such as: 

  

Struct node  

{ 

int value; 

struct node *next; 

} 

  

With the above definition of a structure, let us implement the above operations. Given a linked 

list via the head pointer, let us first implement the operations Find and Print. 

  

Algorithm Find(x) 

begin 

temphead = head; 

while (temphead != NULL) do 

if temphead ->data == x then 

return temphead; 

temphead = temphead ->next; end-while 

return NULL; 

end 

  

Algorithm Print() 

begin 

temphead = head; 

while (temphead != NULL) 

Print(temphead ->data); 

tempead = temphead ->next; 

end-while 

end 

  

The insertion and removal of items from a linked list requires that we have a pointer to the place 

of insertion/deletion. 

To insert, where do we insert? 

Several options possible 

  

 insert at the beginning of the list 
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 insert at the end 

 insert before/after a given element. 

  

Each applicable in some setting(s). 

Algorithm Insert(item)? 

begin 

temphead = head; 

newnode = new node; 

newnode->next = head; 

end 

  

Remove also has different possibilities.Remove from the front,Remove before/after a given 

element,Remove an existing element.Turns out each has application in some setting. 

 We'll see a few applicationsThere are several variations to the linked list.The one seen so far is 

called as the singly linked list.Sometimes people use a doubly linked list.Each node points to the 

predecessor as well as its successor.Has two special pointers head and rear 

  

Application - Polynomials 

  

Application of linked lists is to polynomials.We now use linked lists to perform operations on 

polynomials. Let f(x) = Σdi=0 aixi. The quantity d is called as the degree of the polynomial, with 

the assumption that ad not equal to 0. A polynomial of degree d may however have missing 

terms i.e., powers j such that 0 <= j < d and aj = 0.The standard operations on a polynomial are 

addition and multiplication. If we store the coefficient ofeach term of the polynomials in an array 

of size d + 1, then these operations can be supported in a straightforwardway. However, for 

sparse polynomails, i.e., polynomials where there are few non-zero coefficients,this is not 

efficient. One possible solution is to use linked lists to store degree, coefficient pairs for non-zero 

coefficients.With this representation, it makes it easier if we keep the list of such pairs in 

decreasing order of degrees. 

  

A polynomial is a sum of terms.Each term consists of a coefficient and a (common) variable 

raised to an exponent. We consider only integer exponents, for now. 

Example: 4x
3 
+ 5x – 10. 

How to represent a polynomial?Issues in representation,should not waste space,should be easy to 

use it for operating on polynomials.Any case, we need to store the coefficient and the exponent. 

struct node 

{ 

float coefficient; 

int exponent; 

struct node *next; 

} 

Can we use a linked list?. Each node of the linked list stores the coefficient and the 

exponent.Should also store in the sorted order of exponents. 
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Sri Vidya College of Engineering and Technology 

Virudhunagar – 626 005 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared by T. Vithya 

 

Unit IV - LINEAR DATA STRUCTURES – STACKS AND QUEUES      

Stack ADT – Evaluating arithmetic expressions- other applications- Queue ADT – circular queue 

implementation – Double ended Queues – applications of queues 

Textbook: 

T2. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, Pearson 

Education, 1997. 

T3. Balagurusamy E, “Programming and Data Structures”, McGraw Hill, 2014. 

 Lesson Plan 1 Introduction 

Lesson Plan 2 Stack ADT 

Lesson Plan 

3,4,5 
Evaluating arithmetic expressions, Other applications 

Lesson Plan 6 Queue ADT 

Lesson Plan 7 Circular queue implementation 

Lesson Plan 8 Double ended Queues 

Lesson Plan 9 Applications of queues 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By T. Vithya 

Lesson Plan for  Introduction to stacks and queues 

Time: 45 Minutes 

Lesson. No: 1/10 

1. Topics to be covered:  Introduction to stacks and queues 

2. Skills Addressed    : Listening 

3. Objectives of this Lesson Plan: 

To enable students to understand the basic concepts of stacks and queues. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Understand the use of stack data structure.\ 

 Illustrate the use of queues. 

5. Link Sheet: 

 What is linear data structure? 

 Define stack. 

 Define queues. 

 List the applications of stack and queues. 

6. Evocation: (5 Minutes) 

  
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 
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 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 

9. Application 

Backtracking, Towers of Hanoi. 

 

                               4.1 Linear Data Structures 

 

Data structure is the structural representation of logical relationships between elements of data. 

In other words a data structure is a way of organizing data items by considering its relationship 

to each other. Data structure mainly specifies the structured organization of data, by providing 

accessing methods with correct degree of associativity. Data structure affects the design of both 

the structural and functional aspects of a program. 

Algorithm + Data Structure = Program 

Data structures: 

There are two types of data structure Linear and Nonlinear data structure. 

Linear data structure: 

In linear data structures, values are arranged in linear fashion. Arrays, lists, stacks and queue are 

examples of linear data structures in which values are stored in a sequence.  

Array 

Arrays are most frequently used in programming. Mathematical problems like matrix, algebra 

and etc can be easily handled by arrays. An array is a collection of homogeneous data elements 

described by a single name. 

List 

A list is an ordered set consisting of a varying number of elements to which insertion and 

deletion can be made. A list represented by displaying the relationship between the adjacent 

elements is said to be a linear list. 

Stack 

A stack is one of the most important and useful non-primitive linear data structure in computer 

science. It is an ordered collection of items into which new data items may be added/inserted and 

from which items may be deleted at only oneend, called the top of the stack. 

Queue 

A queue is logically a first in first out (FIFO or first come first serve) linear data structure. 

The concept of queue can be understood by our real life problems. For example a customer come 

and join in a queue to take the train ticket at the end (rear) and the ticket is issued from the front 

end of queue. 

 

 

 

 

 

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology - Virudhunagar 

CS6202 / Programming and Data Structures I  Page 4 
 

 

Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code:  CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Stack ADT 

Time: 45 Minutes 

Lesson. No: 2/10 

1. Topics to be covered:  Stack ADT 

2. Skills Addressed    : Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the concept of stack. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Use of stack  

 Application of stack. 

5. Link Sheet:  

 Define stack 

 Write a C program to implement stack data structure. 

 Write the routine to perform pop and push operation in stack. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 
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 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Tower of Hanoi 

 

4.2 Stack ADT 

 Stack is a specialized data storage structure (Abstract data type).  

 Unlike arrays, access of elements in a stack is restricted.  

 It has two main functions  

o push  

o pop 

 Insertion in a stack is done using push function and removal from a stack is done using 

pop function.  

 Stack allows access to only the last element inserted hence, an item can be inserted or 

removed from the stack from one end called the top of the stack. It is therefore, also 

called Last-In-First-Out (LIFO) list.  

 Stack has three properties:  

o capacity stands for the maximum number of elements stack can hold  

o size stands for the current size of the stack  

o elements is the array of elements. 

 

 

 Algorithm: 

Stack structure is defined with fields capacity, size and *elements (pointer to the array 

of elements). 
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Functions  

1. createStack function– This function takes the maximum number of elements (maxElements) 

the stack can hold as an argument, creates a stack according to it and returns a pointer to the 

stack. It initializes Stack S using malloc function and its properties. 

2. push function - This function takes the pointer to the top of the stack S and the item (element) 

to be inserted as arguments. Check for the emptiness of stack 

3. pop function - This function takes the pointer to the top of the stack S as an argument. 

4. top function – This function takes the pointer to the top of the stack S as an argument 

and returns the topmost element of the stack S.  

Properties of stacks: 

1. Each function runs in O(1) time. 

2. It has two basic implementations 

 Array-based implementation – It is simple and efficient but the maximum size of the 

stack is fixed. 

 Singly Linked List-based implementation – It’s complicated but there is no limit on the 

stack size, it is subjected to the available memory. 

                                                                                                 

Stacks - C Program source code 

#include<stdio.h> 

#include<stdlib.h> 

/* Stack has three properties. capacity stands for the maximum number of elements stack can 

hold. 

   Size stands for the current size of the stack and elements is the array of elements */ 

typedef struct Stack 

{ 

        int capacity; 

        int size; 

        int *elements; 

}Stack; 

/* crateStack function takes argument the maximum number of elements the stack can hold, 

creates 

   a stack according to it and returns a pointer to the stack. */ 

Stack * createStack(int maxElements) 

{ 

        /* Create a Stack */ 

        Stack *S; 

        S = (Stack *)malloc(sizeof(Stack)); 

        /* Initialise its properties */ 

        S->elements = (int *)malloc(sizeof(int)*maxElements); 

        S->size = 0; 

        S->capacity = maxElements; 

        /* Return the pointer */ 

        return S; 

} 

void pop(Stack *S) 

{ 
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        /* If stack size is zero then it is empty. So we cannot pop */ 

        if(S->size==0) 

        { 

                printf("Stack is Empty\n"); 

                return; 

        } 

        /* Removing an element is equivalent to reducing its size by one */ 

        else 

        { 

                S->size--; 

        } 

        return; 

} 

int top(Stack *S) 

{ 

        if(S->size==0) 

        { 

                printf("Stack is Empty\n"); 

                exit(0); 

        } 

        /* Return the topmost element */ 

        return S->elements[S->size-1]; 

} 

void push(Stack *S,int element) 

{ 

        /* If the stack is full, we cannot push an element into it as there is no space for it.*/ 

        if(S->size == S->capacity) 

        { 

                printf("Stack is Full\n"); 

        } 

        else 

        { 

                /* Push an element on the top of it and increase its size by one*/  

                S->elements[S->size++] = element; 

        } 

        return; 

} 

int main() 

{ 

        Stack *S = createStack(5); 

        push(S,7); 

        push(S,5); 

        push(S,21); 

        push(S,-1); 

        printf("Top element is %d\n",top(S)); 

        pop(S); 
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        printf("Top element is %d\n",top(S)); 

        pop(S); 

        printf("Top element is %d\n",top(S)); 

        pop(S); 

        printf("Top element is %d\n",top(S)); 

 

} 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Evaluating arithmetic expressions , Other Applications 

Time: 45 Minutes 

Lesson. No: 3,4,5/10 

1. Topics to be covered:  Evaluating arithmetic expressions 

2. Skills Addressed    : Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand the use of evaluating the expressions. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Convert expressions frominfix to postfix expressions. 

 Evaluate the arithmetic expressions. 

5. Link Sheet:  

 Convert from infix to postfix 

 Convert from postfix to infix. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
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9. Application 

Evaluating expressions using stack 

 

4.3 Evaluation of Arithmetic Expressions 

 

Stacks are useful in evaluation of arithmetic expressions. Consider the expression 

5 * 3 +2 + 6 * 4 

The expression can be evaluated by first multiplying 5 and 3, storing the result in A, adding 2 

and A, saving the result in A. We then multiply 6 and 4 and save the answer in B. We finish off 

by adding A and B and leaving the final answer in A. 

A = 15 2 + 

 = 17 

B = 6 4 * 

 = 24 

A = 17 24 + 

 = 41 

We can write this sequence of operations as follows: 

5 3 * 2 + 6 4 * + 

 

This notation is known as postfix notation and is evaluated as described above. We shall 

shortly show how this form can be generated using a stack. 

Basically there are 3 types of notations for expressions. The standard form is known as the 

infix form. The other two are postfix and prefix forms. 

 

Infix: operator is between operands A + B 

Postfix : operator follows operands A B + 

Prefix: operator precedes operands + A B 

 

Note that all infix expressions can not be evaluated by using the left to right order of the 

operators inside the expression. However, the operators in a postfix expression are ALWAYS in 

the correct evaluation order. Thus evaluation of an infix expression is done in two steps. 

 

The first step is to convert it into its equivalent postfix expression. The second step involves 

evaluation of the postfix expression. We shall see in this section, how stacks are useful in 

carrying out both the steps. Let us first examine the basic process of infix to postfix 

conversion. 

 

Infix to postfix conversion: 

a + b * c Infix form 

 (precedence of * is higher than of +) 
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a + (b * c) convert the multiplication 

a + ( b c * ) convert the addition 

a (b c * ) + Remove parentheses 

 a b c * + Postfix form 

Note that there is no need of parentheses in postfix forms. 

 

Example 2: 

( A + B ) * C Infix form 

( A B + ) * C Convert the addition 

(A B + ) C * Convert multiplication 

A B + C * Postfix form 

No need of parenthesis anywhere 

Example 3: 

a + (( b * c ) / d ) 5 

a + ( ( b c * ) /d ) 

(precedence of * and / are same and they are left associative) 

a + ( b c * d / ) 

a b c * d / + 
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Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Queue ADT 

Time: 45 Minutes 

Lesson. No: 6/10 

1. Topics to be Covered:  Queue ADT 

2. Skills Addressed    : Listening, Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the use of Queue data structure. 

4. Outcome (s): 

At the end of the lesson the students will be able to :  

 Understand the concept of queue data structure in various applications. 

5. Link Sheet:  

 Define Queue. 

 List the applications of queue. 

 Write the routine to insert, delete search an element in queue using array and 

linked list implementataion. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 
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8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Computing applications: (printer, disk, CPU) 

 

4.4 Queue ADT 

• It is a linear data structure that maintains a list of elements such that insertion happens at 

rear end and deletion happens at front end. 

• FIFO – First In First Out principle 

 

Logical Representation of queues: 

 

Queue implementation: 

• Array implementation of queues 

• Linked list implementation of queues 
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Array Implementation of queues: 

Insert operation(Enqueue)  

• It includes checking whether or not the queue pointer rear is pointing at the upper bound 

of the array. If it is not, rear is incremented by 1 and the new item is placed at the end of 

the queue. 

• Algorithm  

 insert(queue[max],element, front ,rear) 

 Step 1 : Start 

 Step 2 : If front  = NULL goto Step 3 else goto Step 6 

 Step 3 : front = rear = 0 

 Step 4 : queue[front] =  element 

 Step 5 : Goto Step 10 

 Step 6 : If rear = MAX-1 goto Step 7 else goto Step 8 

 Step 7 : Display the message,”Queue is FULL” and goto Step 10 

 Step 8 : rear = rear + 1 

 Step 9 : queue[rear] = element 

 Step 10 : Stop 

• Delete operation(Dequeue)  

– It includes checking whether or not the queue pointer front is already pointing at 

NULL. . If it is not, the item that is being currently pointed is removed from the 

queue and front pointer is incremented by 1. 

– Algorithm 

delete(queue[MAX], front , rear) 

Step 1 : Start 

Step 2 : If front  = NULL and rear =NULL goto Step 3 else goto Step 4 

Step 3 : Display the message,”Queue is Empty” and goto Step 10 

Step 4 : If front  != NULL and front = rear goto Step 5  else goto Step 8 
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Step 5 : Set I = queue[front] 

Step 6 : Set front = rear = -1 

Step 7 : Return the deleted element I and goto Step 10 

Step 8 : Set i=queue[front] 

Step 9 : Return the deleted element i  

Step 10 : Stop   

Program to implement queues using arrays: 

#include<stdio.h> 

#include<conio.h> 

#include<stdlib.h> 

int queue[100]; 

int front=-1;  

int rear=-1; 

void insert(int); 

int del(); 

void display(); 

void main() 

{ 

 int choice; 

 int num1=0,num2=0; 

while(1) 

 { 

  printf(“\n Select a choice from the following : “); 

  printf(“\n[1] Add an element into the queue”); 

  printf(“\n[2] Remove an element from the queue”); 

  printf(“\n[3] Display the queue elements”); 

  printf(“\n[4] Exit\n”); 
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  scanf(“%d”,&choice); 

  switch(choice) 

  { 

   case 1: 

   { 

    printf(“\nEnter the element to be added :”); 

    scanf(“%d”,&num1); 

    insert(num1); 

    break; 

   } 

{ 

    num2=del(); 

    if(num2==9999) 

     ; 

    else 

     printf(“\n %d element removed from the queue”); 

    getch(); 

    break; 

   } 

   case 3: 

   { 

    display(); 

    getch(); 

    break; 

   } 

  case 4: 

    exit(1); 
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    break; 

   default: 

    printf(“\nInvalid choice”); 

    break; 

  } 

 } 

} 

void display() 

{ 

 int i; 

 if(front==-1) 

 { 

  printf(“Queue is empty”); 

  return; 

 } 

 printf(“\n The queue elements are :\n”); 

 for(i=front;i<=rear;i++) 

  printf(“\t%d”,queue[i]); 

} 

void insert(int element) 

{ 

 if(front==-1 ) 

 { 

  front = rear = front +1; 

  queue[front] = element; 

  return; 

 } 
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 if(rear==99) 

 { 

  printf(“Queue is full”); 

  getch(); 

  return; 

 } 

 rear = rear +1; 

 queue[rear]=element; 

} 

void insert(int element) 

{ 

 if(front==-1 ) 

 { 

  front = rear = front +1; 

  queue[front] = element; 

  return; 

 } 

 if(rear==99) 

 { 

  printf(“Queue is full”); 

  getch(); 

  return; 

 } 

 rear = rear +1; 

 queue[rear]=element; 

} 
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Linked Implementation of Queues: 

• It is based on the dynamic memory management techniques which allow allocation and 

de-allocation of memory space at runtime. 

Insert operation: 

It involves the following subtasks : 

1. Reserving memory space of the size of a queue element in memory 

2. Storing the added value at the new location 

3. Linking the new element with existing queue 

4. Updating the rear pointer 

insert(structure queue, value, front , rear)  

Step 1: Start 

Step 2: Set ptr = (struct queue*)malloc(sizeof(struct queue)) 

Step 3 : Set ptr→element=value 

Step 4 : if front =NULL goto Step 5 else goto Step 7 

Step 5 : Set front =rear = ptr  

Step 6 : Set ptr→next = NULL and goto Step 10 

Step 7 : Set rear→next = ptr  

Step 8 : Set ptr→next =NULL 

Step 9 : Set rear = ptr  

Step 10 : Stop 

Delete operation: 

It involves the following subtasks : 

1. Checking whether queue is empty 

2. Retrieving the front most element of the queue 

3. Updating the front pointer 
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4. Returning the retrieved value 

delete(structure queue, front , rear)  

Step 1 : Start 

Step 2 : if front =NULL goto Step 3 else goto Step 4 

Step 3 : Display message, “Queue is empty” and goto Step 7 

Step 4 : Set i = front→element  

Step 5 : Set front = front→next  

Step 6 : Return the deleted element i  

Step 7 : Stop 

Program to implement queues using linked lists: 

#include<stdio.h> 

#include<conio.h> 

#include<stdlib.h> 

struct queue 

{ 

 int element; 

 struct queue *next; 

}; 

struct queue *front = NULL; 

struct queue *rear = NULL; 

void insert(int); 

int del(); 

void display(); 

void main() 

{ 

 int choice; 
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 int num1=0,num2=0; 

 while(1) 

 { 

  printf(“\n Select a choice from the following : “); 

  printf(“\n[1] Add an element into the queue”); 

  printf(“\n[2] Remove an element from the queue”); 

  printf(“\n[3] Display the queue elements”); 

  printf(“\n[4] Exit\n”); 

  scanf(“%d”,&choice); 

  switch(choice) 

  { 

case 1: 

   { 

    printf(“\nEnter the element to be added :”); 

    scanf(“%d”,&num1); 

    insert(num1); 

    break; 

   } 

   case 2: 

   { 

    num2=del(); 

    if(num2==9999) 

     ; 

    else 

     printf(“\n %d element removed from    

 the queue”); 

    getch(); 

    break; 
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   } 

case 3: 

   { 

    display(); 

    getch(); 

    break; 

   } 

   case 4: 

    exit(1); 

    break; 

   default: 

    printf(“\nInvalid choice”); 

    break; 

  } 

 } 

} 

void insert(int element) 

{ 

 struct queue * ptr = (struct queue*)malloc(sizeof(struct queue)); 

 ptr→element=value; 

 if(front =NULL) 

 {  

  front =rear = ptr; 

  ptr→next = NULL; 

 }  

 else  

 {  
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  rear→next = ptr; 

  ptr→next =NULL; 

  rear = ptr; 

 }  

} 

int del() 

{ 

 int i; 

 if(front == NULL) /*checking whether the queue is empty*/ 

 {  

  return(-9999); 

 }  

 else  

 {  

  i = front→element; 

  front = front→next; 

  return i; 

 }  

}  

void display() 

{ 

 struct queue *ptr = front; 

 if(front==NULL) 

 { 

  printf(“Queue is empty”); 

  return; 

 } 
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 printf(“\n The queue elements are :\n”); 

 while(ptr!=rear) 

 { 

  printf(“\t%d”, ptr→element); 

  ptr = ptr→next; 

 } 

 printf(“\t%d”, rear→element); 

}  
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Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Circular Queue Implementation 

Time: 45 Minutes 

Lesson. No: 7/10 

1. Topics to be covered:   

2. Skills Addressed    : Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand the concept of circular queue. 

4. Outcome (s): 

At the end of the lesson the students will be able to illustrate the use of circular queue. 

5. Link Sheet:  

 Define circular queue. 

 List the use of circular queue. 

 Write thw routine to insert and delete an element in circular queue. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 
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9. Application 

  Baggage carousel at an airport. 

 

4.7 Circular Queue 

 

 

A circular queue is a particular implementation of a queue. It is very efficient. It is also quite 

useful in low level code, because insertion and deletion are totally independant, which means 

that you don’t have to worry about an interrupt handler trying to do an insertion at the same time 

as your main code is doing a deletion. 

How does it work? 

A circular queue consists of an array that contains the items in the queue, two array indexes and 

an optional length. The indexes are called the head and tail pointers and are labelled H and T on 

the diagram. 

 

The head pointer points to the first element in the queue, and the tail pointer points just beyond 

the last element in the queue. If the tail pointer is before the head pointer, the queue wraps 

around the end of the array. 

OPERATIONS AND ALGORITHMS OF CIRCULAR QUEUE: 

1. Insert Operation: 

                                    Step 1: [Check for the Overflow]  

                                          If front = 1 and rear = n 

                                          Output “Overflow” and return 

                                    Step 2: [Insert element in the queue.] 

                                          Else if front = 0 

                                          front = 1 

                                          rear = 1 
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                                          Q [rear] = value 

                                    Step 3: [Check if the rear at the end of the queue] 

                                          Else if rear = n 

                                          rear = 1 

                                          Q [rear] = value 

                                    Step 4: [insert the element] 

                                          Else 

                                          Rear = rear + 1 

                                          Q [rear] = value 

                                    Step 5: return 

2. Delete Operation: 

                                    Step 1:             [Check for underflow] 

                                          If front = 0 

                                          Output “Underflow” and return 

                                    Step 2: [Remove the element] 

                                          Value = Q [front] 

                                    Step 3: [Check whether the queue is empty or not] 

                                          If front = rear 

                                          front = 0 

                                          rear = 0 

                                    Step 4: [Check the front pointer position] 

                                          Else if front = n 

                                          front = 1 
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                                          Else 

                                          front = front + 1 

                                    Step 5: [Return the removed element] 

                                          Return [value] 

 

Example: 

/*USE OF CIRCULAR QUEUE USING ARRAY.*/ 

#include<stdio.h> 

#define SIZE 3 

int arr[SIZE]; 

int front = 0; 

int rear = 0; 

main() 

{ 

 int ans; 

 clrscr(); 

 do 

 { 

  printf("1. Enter the New Element.\n"); 

  printf("2. Remove the Element.\n"); 

  printf("3. Exit...\n"); 

  printf("Enter your choice :"); 

  scanf("%d",&ans); 

  switch(ans) 

  { 

            case 1: 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology - Virudhunagar 

CS6202 / Programming and Data Structures I  Page 30 
 

                        insert(); 

                        break; 

            case 2: 

                        rem(); 

                        break; 

            case 3: 

                        break; 

            default: 

                        printf("You have entered wronge choice...."); 

  } 

  }while(ans != 3); 

 getch(); 

 return; 

} 

 

insert() 

{ 

 int newitem; 

 

 if(rear >= SIZE) 

            rear = 1; 

 else 

            rear++; 

 

 if(rear == front) 

 { 

  printf("Your QUEUE is FULL.\n"); 
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  rear--; 

  if(rear==0) 

            rear=SIZE; 

  return; 

 } 

 

 else 

 { 

  printf("Enter New Element :"); 

  scanf("%d",&newitem); 

  arr[rear]=newitem; 

  if(front==0) 

            front=1; 

 } 

 getch(); 

 return; 

} 

rem() 

{ 

 int remitem; 

 if(front < 1) 

 { 

  printf("Your QUEUE is EMPTY...\n"); 

  return; 

 } 

 

 if(front>SIZE) 
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            front=1; 

 

  remitem = arr[front]; 

  printf("The Removed Item is : %d.\n",remitem); 

  if(front==rear) 

  { 

   front=0; 

   rear=0; 

   return; 

  } 

  else 

            front++; 

 getch(); 

 return; 

} 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code:  CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for Double Ended Queues 

Time: 45 Minutes 

Lesson. No: 8/10 

1. Topics to be covered:  Double ended Queues 

2. Skills Addressed    : Listening 

3. Objectives of this Lesson Plan: 

To enable students to understand the concept of double ended queues. 

4. Outcome (s): 

At the end of the lesson the students will be able to analyze the use of double ended 

queues. 

5. Link Sheet:  

 Define double ended queue. 

 Give routine for double ended queue. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Job Scheduling  
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4.8 Double ended Queues 

In computer science, a double-ended queue (dequeue, often abbreviated to deque, 

pronounced deck) is an abstract data type that generalizes a queue, for which elements can be 

added to or removed from either the front (head) or back (tail).
[1]

 It is also often called a head-tail 

linked list, though properly this refers to a specific data structureimplementation  

Algorithm Of Double-Ended Queue: 

1. Insertion in Double-Ended Queue. 

 

                        Step 1: [Check overflow condition] 

                              If rear >= n and front = 0 

                              Output “overflow” and return 

                        Step 2: [Check front pointer value] 

                              If front > 0 

                              front = front – 1 

                              else 

                              return 

                        Step 3: [Insert element at the front end] 

                              Q [front] = value 

                        Step 4: [Check rear pointer value] 

                              If rear < n 

                              rear = rear + 1 

                              else 

                              return 

                        Step 5: [Insert element at the rear end] 

                              Q [rear] = value 

                        Step 6: return 

 

2. Deletion in Double-Ended queue. 
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                        Step 1: [Check for underflow] 

                              If front = 0 and rear = 0 

                              Output “Underflow” and return 

                        Step 2: [Delete element at front end] 

                              If front > 0 

                              Value = Q [front] 

                              Return (value) 

                        Step 3: [Check queue for empty] 

                              If front = rear 

                              front = rear = 0 

                              else 

                              front = front + 1 

                        Step 4: [Delete element at the rear end] 

                              If rear > 0 

                              Value = Q [rear] 

                              Return (value) 

                        Step 5: [Check queue for empty] 

                              If front = rear 

                              front = rear = 0 

                              else 

                              rear = rear – 1 

                        Step 6: return 

 

Example: 

 

/*USE OF DOUBLE-ENDED QUEUE USING ARRAY.*/ 
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#include<stdio.h> 

#define SIZE 3 

int arr[SIZE]; 

int front=0; 

int rear = 0; 

main() 

{ 

 int ans; 

 clrscr(); 

 do 

 { 

  printf("1.Enter New Element From Right :\n"); 

  printf("2.Remove Element From Right :\n"); 

  printf("3.Enter New Element From Left :\n"); 

  printf("4.Remove Element From Left :\n"); 

  printf("5.Exit :\n"); 

  printf("Enter Your Choice :"); 

  scanf("%d",&ans); 

  switch(ans) 

  { 

            case 1: 

                        r_insert(); 

                        break; 

            case 2: 

                        r_remove(); 

                        break; 

            case 3: 
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                        l_insert(); 

                        break; 

            case 4: 

                        l_remove(); 

                        break; 

            case 5: 

                        break; 

 

            default: 

                        printf("You have entered wronge choice...."); 

  } 

 }while(ans!=5); 

 getch(); 

 return; 

} 

r_insert() 

{ 

 int newitem; 

 if(rear >= SIZE) 

 { 

  printf("Your QUEUE is full from RIGHT side...."); 

  getch(); 

  return; 

 } 

 else 

 { 

  printf("Enter the New item :"); 
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  scanf("%d",&newitem); 

  arr[++rear]=newitem; 

 } 

 if(front <= 0) 

 { 

  front = 1; 

 } 

 getch(); 

 return; 

} 

 

r_remove() 

{ 

 int remitem; 

 if(rear <= 0) 

 { 

  rear = 0; 

  front = 0; 

  printf("Your QUEUE is EMPTY from RIGTH side...\n"); 

  getch(); 

  return; 

 } 

 else 

 { 

  remitem = arr[rear--]; 

  printf("The removed item is : %d\n",remitem); 

 } 
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 getch(); 

 return; 

} 

 

l_remove() 

{ 

 int remitem; 

 if(front <= 0 ) 

 { 

  printf("Your QUEUE is EMPTY from LEFT side...\n"); 

  getch(); 

  return; 

 } 

 else 

 { 

  remitem = arr[front++]; 

  printf("The removed item is : %d\n",remitem); 

 } 

 if(front > rear) 

 { 

  front = 0; 

 } 

 getch(); return;} 

l_insert() 

{ 

 int newitem; 

 if(front <= 1) 
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 { 

  front = 0; 

  rear = 0; 

  printf("Your QUEUE is FULL from the LEFT side...\n"); 

  getch(); 

  return; 

 } 

 else 

 { 

  printf("Enter the New element :"); 

  scanf("%d",&newitem); 

  arr[--front]=newitem; 

 } 

 getch(); 

 return; 

} 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for Applications Of Queues 

Time: 45 Minutes 

Lesson. No: 9/10 

1. Topics to be covered:  Applications Of Queues 

2. Skills Addressed    : Listening 

3. Objectives of this Lesson Plan: 

To enable students to understand the applications of queues. 

4. Outcome (s): 

At the end of the lesson the students will be able to illustrate the use of queues. 

5. Link Sheet:   

 List the applications of queues. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 
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9. Application 

Job scheduling 

 

4.9 Applications of Queue Data Structure 

 

 1) Serving requests of a single shared resource (printer, disk, CPU), transferring data 

asynchronously (data not necessarily received at same rate as sent) between two processes (IO 

buffers), e.g., pipes, file IO, sockets.  

2) Call center phone systems will use a queue to hold people in line until a service representative 

is free.  

 

3) Buffers on MP3 players and portable CD players, iPod playlist. Playlist for jukebox - add 

songs to the end, play from the front of the list.  

 

4) When programming a real-time system that can be interrupted (e.g., by a mouse click or 

wireless connection), it is necessary to attend to the interrupts immediately, before proceeding 

with the current activity. If the interrupts should be handles in the same order they arrive, then a 

FIFO queue is the appropriate data structure.  

 

5) When a resource is shared among multiple consumers. Examples include CPU scheduling, 

Disk Scheduling.  

 

6) When data is transferred asynchronously (data not necessarily received at same rate as sent) 

between two processes. Examples include IO Buffers, pipes, file IO, etc. 
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Sri Vidya College of Engineering and Technology 

Virudhunagar – 626 005 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared by T. Vithya 

 

UNIT V Sorting, Searching And Hash Techniques    9 

Sorting algorithms: Insertion sort - Selection sort - Shell sort - Bubble sort - Quick sort - Merge 

sort - Radix sort – Searching: Linear search –Binary Search Hashing: Hash Functions – Separate 

Chaining – Open Addressing – Rehashing – Extendible Hashing 

 

Textbook: 

T2. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, Pearson 

Education, 1997. 

T3. Balagurusamy E, “Programming and Data Structures”, McGraw Hill, 2014. 

 Lesson Plan 1 Introduction 

Lesson Plan 2 Sorting algorithms: Insertion sort - Selection sort 

Lesson Plan 3,4 Shell sort - Bubble sort   

Lesson Plan 5 Quick sort  

Lesson Plan 6,7 Merge sort - Radix sort 

Lesson Plan 8,9 Searching: Linear search –Binary Search 

Lesson Plan 10 Hashing: Hash Functions, Separate Chaining 

Lesson Plan 11 Open Addressing 

Lesson Plan 12 Rehashing – Extendible Hashing 

   

 

 

Staff in-charge                               HOD/IT  
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By T. Vithya 

Lesson Plan for  Introduction to Sorting, Searching And Hash Techniques 

Time: 45 Minutes 

Lesson. No: 1/12 

1. Topics to be covered:  Introduction to Sorting, Searching And Hash Techniques 

2. Skills Addressed    : Listening 

3. Objectives of this Lesson Plan: 

To enable students to understand the basic concepts of Sorting, Searching And Hash 

Techniques. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Understand the use of sorting, searching. 

 Illustrate the use of hashing. 

5. Link Sheet: 

 List the different types of sorting. 

 Define hashing. 

 What are the types of searching used in data structure.. 

6. Evocation: (5 Minutes) 

      
 

7. Lecture Notes:  Enclosed here 
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8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 

9. Application 

Scheduling 

 

5.1 Introduction 

 

 

Sorting: 

A sorting algorithm is an algorithm that puts elements of a list in a certain order. The 

most-used orders are numerical order and lexicographical order. Efficient sorting is important for 

optimizing the use of other algorithms (such as search and merge algorithms) which require input 

data to be in sorted lists. 

Types of Sorting: 

 Insertion sort  

  Selection sort 

 Shell sort 

  Bubble sort  

 Quick sort  

 Merge sort 

  Radix sort 

 

Searching:  

A search algorithm is an algorithm for finding an item with specified properties among a 

collection of items. The items may be stored individually as records in a database; or may be 

elements of a search space defined by a mathematical formula or procedure, such as the roots of 

an equation with integer variables; or a combination of the two, such as the Hamiltonian circuits 

of a graph. 

Types of Searching: 

 Linear search 

 Binary Search 

 

Hashing: 

Hashing is the transformation of a string of characters into a usually shorter fixed-length 

value or key that represents the original string.Hashing is used to index and retrieve items in a 

database because it is faster to find the item using the shorter hashed key than to find it using the 

original value. 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code:  CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Sorting algorithms: Insertion sort - Selection sort 

Time: 45 Minutes 

Lesson. No: 2/12 

1. Topics to be covered:  Sorting algorithms: Insertion sort - Selection sort 

2. Skills Addressed    : Understanding, Listening 

3. Objectives of this Lesson Plan: 

To enable students to understand the concept of sorting algorithms. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Use of sorting algorithms. 

 Applications of sorting algorihms. 

5. Link Sheet:  

 Define sorting. 

 List the types of sorting. 

 Explain in detail about insertion sort and slaection sort.. 

 Write the routine to perform insertion sort and selection sort. 

6. Evocation: (5 Minutes) 

 

 
7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 
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9. Application 

Scheduling 

5.2 Insertion Sort & Selection Sort 

Insertion Sort: 

Insertion sort iterates, consuming one input element each repetition, and growing a sorted output 

list. Each iteration, insertion sort removes one element from the input data, finds the location it 

belongs within the sorted list, and inserts it there. It repeats until no input elements remain. 

 

Algorithm: 

 

Step 1:  Enter the number of elements 

Step 2: Initialize the i=0, 

Step 3: Compare the first two elements 

a. If first element greater than second one, swap the element 

b. Else no need to swap 

Step 4: Increment the i value and repeat the step. 

 

Program: 

 

#include<stdio.h> 

#include<conio.h> 

 void inst_sort(int []); 

 void main() 

{ 

 int num[5],count; 

 clrscr(); 

 printf("\nEnter the Five Elements to sort:\n"); 

  for (count=0;count<5;count++) 

  scanf("%d",&num[count]); 

 inst_sort(num); 

  printf("\n\nElements after sorting: \n"); 

 for(count=0;count<5;count++) 

  printf("%d\n",num[count]); 

 getch(); 

} 

 // Function for Insertion Sorting 

void inst_sort(int num[]) 

{ 

 int i,j,k; 

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

 { 

  k=num[j]; 

  for(i=j-1;i>=0 && k<num[i];i--) 

   num[i+1]=num[i]; 
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  num[i+1]=k; 

 } 

} 

Output: 

Enter the Five Elements to sort: 

9 

8 

2 

1 

4 

Elements after sorting: 

1 

2 

4 

8 

9 

 

Selection Sort: 

 

 Itdivides the input list into two parts: the sublist of items already sorted, which is built up 

from left to right at the front (left) of the list, and the sublist of items remaining to be sorted that 

occupy the rest of the list. Initially, the sorted sublist is empty and the unsorted sublist is the 

entire input list. The algorithm proceeds by finding the smallest (or largest, depending on sorting 

order) element in the unsorted sublist, exchanging it with the leftmost unsorted element (putting 

it in sorted order), and moving the sublist boundaries one element to the right. 

Here is an example of this sort algorithm sorting five elements: 

64 25 12 22 11 

 

11 25 12 22 64 

 

11 12 25 22 64 

 

11 12 22 25 64 

 

11 12 22 25 64 

 

Algorithm: 

 

Step 1:  Enter the number of elements 

Step 2: Selection sort algorithm starts by comparing first two elements of an array and swapping 

if necessary 

 a. if the first element is greater than second then, you need to swap the elements 

 b. if the first element is smaller than second, leave the elements as it is. 

Step 3: Repeat the step 2 until n-1 

 

Program: 
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#include <stdio.h> 

 int main() 

{ 

   int array[100], n, c, d, position, swap; 

    printf("Enter number of elements\n"); 

   scanf("%d", &n); 

    printf("Enter %d integers\n", n); 

    for ( c = 0 ; c < n ; c++ ) 

     scanf("%d", &array[c]); 

    for ( c = 0 ; c < ( n - 1 ) ; c++ ) 

   { 

      position = c; 

  

      for ( d = c + 1 ; d < n ; d++ ) 

      { 

         if ( array[position] > array[d] ) 

            position = d; 

      } 

      if ( position != c ) 

      { 

         swap = array[c]; 

         array[c] = array[position]; 

         array[position] = swap; 

      } 

   } 

    printf("Sorted list in ascending order:\n"); 

    for ( c = 0 ; c < n ; c++ ) 

   printf("%d\n", array[c]); 

    return 0; 

} 

 

Output: 

Enter number of elements 

4 

Enter 4 integers 

2 

9 

0 

-1 

Sorted list in ascending order: 

-1 

0 

2 

9 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Shell sort - Bubble sort   

Time: 45 Minutes 

Lesson. No: 3,4/12 

1. Topics to be covered:  Shell sort - Bubble sort   

2. Skills Addressed    : Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand the use of  shell sort and bubble sort. 

4. Outcome (s): 

At the end of the lesson the students will be able to:  

 Illustrate the use of sorting algorithms. 

5. Link Sheet:  

 Define shell sort. 

 Define bubble sort.  

 Write a C program to perform bubble sort. 

 Write a C program to perform shell sort. 

 What are the use of sorting algorithms? 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 
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 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 

9. Application 

Scheduling 

5.3 Shell Sort & Bubble Sort   

 

Shell Sort: 

 

Shellsort, also known as Shell sort or Shell's method, is an in-place comparison sort. It 

can either be seen as a generalization of sorting by exchange (bubble sort) or sorting by insertion 

(insertion sort). The method starts by sorting elements far apart from each other and 

progressively reducing the gap between them. 

 

Algorithm: 

 

Step 1: n=length of the list, increment =n/2 

Step 2: Do the following until increment>0 

a. i=increment until i<n do the following 

b. Store the value at index i in a temporary variable 

c. j=i until j>= increment do the following 

d. If temp is less than the value at index j increment. Replace the value at index j with the value 

at index j increment and decrease j by increment. 

e. Else break out of the j loop. 

f: Replace the value at index j with temp and increase i by 1 

Step 3: Divide increment by 2 

 

Program: 

 

#include<stdio.h> 

#include<conio.h> 

int main() 

{ 

 int arr[30]; 

 int i,j,k,tmp,num; 

 printf("Enter total no. of elements : "); 

 scanf("%d", &num); 

 for(k=0; k<num; k++) 

 { 

   printf("\nEnter %d number : ",k+1); 

   scanf("%d",&arr[k]); 

 } 

 for(i=num/2; i>0; i=i/2) 

 { 

   for(j=i; j<num; j++) 

   { 

     for(k=j-i; k>=0; k=k-i) 

     { 
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        if(arr[k+i]>=arr[k]) 

            break; 

        else 

        { 

            tmp=arr[k]; 

            arr[k]=arr[k+i]; 

            arr[k+i]=tmp; 

        } 

     } 

   } 

 } 

 printf("\t**** Shell Sorting ****\n"); 

 for(k=0; k<num; k++) 

     printf("%d\t",arr[k]); 

 getch(); 

 return 0; 

} 

 

Output: 

 

Enter total no. of elements : 

4 

Enter 1 number : 9 

Enter 2 number: 6 

Enter 3 number: 3 

Enter 4 number: 1 

        **** Shell Sorting **** 

1       3       6       9 

 

 Bubble Sort: 
 

Bubble sort, sometimes referred to as sinking sort, is a simple sorting algorithm that 

repeatedly steps through the list to be sorted, compares each pair of adjacent items 

and swaps them if they are in the wrong order. The pass through the list is repeated until no 

swaps are needed, which indicates that the list is sorted. The algorithm, which is a comparison 

sort, is named for the way smaller elements "bubble" to the top of the list. Although the 

algorithm is simple, it is too slow and impractical for most problems even when compared 

to insertion sort. It can be practical if the input is usually in sort order but may occasionally have 

some out-of-order elements nearly in position. 

 

Algorithm: 

 

Step 1: Read the total number of elements say n 

Step 2: store the elements in the array 

Step 3: Set the i=0 

Step 4: Compare the adjacent elements 
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Step 5:  Repeat step 4 for all n elements. 

Step 6: Increment the value of i by 1 and repeat step 4, 5 for i<n. 

Step 7: Print the sorted list of elements. 

 

Program: 

 

#include <stdio.h> 

 int main() 

{ 

  int array[100], n, c, d, swap; 

 clrscr(); 

  printf("Enter number of elements\n"); 

  scanf("%d", &n); 

   printf("Enter %d integers\n", n); 

   for (c = 0; c < n; c++) 

    scanf("%d", &array[c]); 

   for (c = 0 ; c < ( n - 1 ); c++) 

  { 

    for (d = 0 ; d < n - c - 1; d++) 

    { 

      if (array[d] > array[d+1]) /* For decreasing order use < */ 

      { 

        swap       = array[d]; 

        array[d]   = array[d+1]; 

        array[d+1] = swap; 

      } 

    } 

  } 

   printf("Sorted list in ascending order:\n"); 

   for ( c = 0 ; c < n ; c++ ) 

   printf("%d\n", array[c]); 

   return 0; 

} 

Output 

Enter number of elements 

3 

Enter 3 integers 

6 

7 

2 

Sorted list in ascending order: 

2 

6 

7 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Quick sort 

Time: 45 Minutes 

Lesson. No: 5/12 

1. Topics to be Covered:  Quick sort 

2. Skills Addressed    : Listening, Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the use of Quick Sort. 

4. Outcome (s): 

At the end of the lesson the students will be able to :  

 Illustrate the use of quick sort. 

5. Link Sheet:  

 List the use of quick sort. 

 Write a C program to implement quick sort. 

6. .Evocation: (5 Minutes) 

 

 
7. Lecture Notes:  Enclosed here 
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8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

Scheduling 

 

5.5 Quick Sort 

Quick Sort: 

Quicksort is a divide and conquer algorithm. Quicksort first divides a large list into two 

smaller sub-lists: the low elements and the high elements. Quicksort can then recursively sort the 

sub-lists. 

The steps are: 

1. Pick an element, called a pivot, from the list. 

2. Reorder the list so that all elements with values less than the pivot come before the pivot, 

while all elements with values greater than the pivot come after it (equal values can go 

either way). After this partitioning, the pivot is in its final position. This is called the 

partition operation. 

3. Recursively apply the above steps to the sub-list of elements with smaller values and 

separately to the sub-list of elements with greater values. 

The base case of the recursion is lists of size zero or one, which never need to be sorted. 

 

 
 

Algorithm: 

Step 1: Get N elements which are to be sorted, and store it in the array A. 

Step 2: Select the element from A[0] to A[N-1] for middle. This element is the pivot. 

Step 3: Partition the remaining elements into the segments left and right so that no 

elements in left has a key larger than that of the pivot and no elements in right has a key 

smaller than that of the pivot. 

Step 4: Sort left using quick sort recursively. 

Step 5: Sort right using quick sort recursively. 

Step 6:  Display the sorted array A. 
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Program: 

 

#include<stdio.h> 

#include<conio.h> 

void qsort(int arr[20], int fst, int last); 

int main() 

{ 

 int arr[30]; 

 int i,size; 

 printf("Enter total no. of the elements : "); 

 scanf("%d",&size); 

 printf("Enter total %d elements : \n",size); 

 for(i=0; i<size; i++) 

    scanf("%d",&arr[i]); 

 qsort(arr,0,size-1); 

 printf("Quick sorted elements are as  : \n"); 

 for(i=0; i<size; i++) 

    printf("%d\t",arr[i]); 

 getch(); 

 return 0; 

} 

void qsort(int arr[20], int fst, int last) 

{ 

 int i,j,pivot,tmp; 

 if(fst<last) 

 { 

   pivot=fst; 

   i=fst; 

   j=last; 

   while(i<j) 

   { 

     while(arr[i]<=arr[pivot] && i<last) 

        i++; 

     while(arr[j]>arr[pivot]) 

        j--; 

     if(i<j) 

     { 

        tmp=arr[i]; 

        arr[i]=arr[j]; 

        arr[j]=tmp;  

     } 

   } 

   tmp=arr[pivot]; 

   arr[pivot]=arr[j]; 

   arr[j]=tmp; 

   qsort(arr,fst,j-1); 
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   qsort(arr,j+1,last); 

 } 

} 

 

Output: 

 

Enter total no. of the elements: 4 

Enter total 4 elements: 

2 

8 

1 

5 

Quick sorted elements are as  : 

1       2       5       8 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Merge sort - Radix sort 

Time: 45 Minutes 

Lesson. No: 6,7/12 

1. Topics to be covered:  Merge sort - Radix sort 

2. Skills Addressed    : Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand the use of Merge sort and Radix sort. 

4. Outcome (s): 

At the end of the lesson the students will be able to illustrate the use sorting. 

5. Link Sheet:  

 Define radix sort. 

 Write a C program to implement radix sort and merge sort. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

 Scheduling. 
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5.6 Merge sort  & Radix sort 

Merge Sort: 

MergeSort is a Divide and Conquer algorithm. It divides input array in two halves, calls 

itself for the two halves and then merges the two sorted halves. The merg() function is used for 

merging two halves. The merge(arr, l, m, r) is key process that assumes that arr[l..m] and 

arr[m+1..r] are sorted and merges the two sorted sub-arrays into one. See following C 

implementation for details. 

 

MergeSort(arr[], l,  r) 
If r > l 

     1. Find the middle point to divide the array into two halves:   

             middle m = (l+r)/2 

     2. Call mergeSort for first half:    

             Call mergeSort(arr, l, m) 

     3. Call mergeSort for second half: 

             Call mergeSort(arr, m+1, r) 

     4. Merge the two halves sorted in step 2 and 3: 

             Call merge(arr, l, m, r) 

 

Algorithm: 

Step 1: Divide the input which we have to sort into two parts in he middle. Call it the left 

part and right part. 

Step 2: Sort each of them separately. Note that here sort does not mean to sort it using 

some other method. We use the same function recursively. 

Step 3: Then merge the two sorted parts. 

 

Program: 

#include<stdio.h> 

#include<conio.h> 

//Global declaration 

void merge(int da[],int q,int p,int r); 

void mergesort(int da[],int r,int p); 

void main() 

 { 

  //Program variables 

  int da[10],j; 

  printf("enter the 10 input values for sorting"); //Display function 

  for (j=0;j<10;j++) //Looping statement 

  scanf("%d",&da[j]);//Getting input function 

  mergesort(da,0,9); //Sort method 

  printf("sorted data \n"); 

  for (j=0;j<10;j++) 

  printf("\n da[%d]=%d",j+1,da[j]); 
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  getch(); 

 } 

void mergesort(int da[10],int p,int r) 

 { 

  int q; 

  if (p<r) 

   { 

    q=((p+r)/2); 

    mergesort(da,p,q); 

    mergesort(da,q+1,r); 

    merge(da,p,q,r); 

   } 

 } 

void merge(int da[10],int p,int q,int r) 

 { 

  int lw,k,hh,j,B[10]; 

  lw=p;hh=q+1;k=p; 

  while(lw<=q&&hh<=r) 

   { 

    if(da[lw]<=da[hh]) 

     { 

      B[k]=da[lw]; 

      low++; 

     } 

    else 

   { 

      B[k]=da[hh]; 

      hh++; 

   } 

   k++; 

  } 

   if (lw>q) 

   for(j=hh;j<=r;j++) 

     { 

       B[k]=da[j]; 

       k++; 

     } 

     else 

   for(j=lw;j<=q;j++) 

    { 
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      B[k]=da[j]; 

      k++; 

    } 

   for (j=p;j<=r;j++) 

     da[j]=B[j]; 

 } 

 

Output: 

enter the 10 input values for sorting 

2 

4 

1 

0 

9 

4 

7 

8 

5 

6 

sorted data 

 da[1]=0 

 da[2]=1 

 da[3]=2 

 da[4]=4 

 da[5]=4 

 da[6]=5 

 da[7]=6 

 da[8]=7 

 da[9]=8 

 da[10]=9 

 

Radix Sort: 

Radix sort is a non-comparative integer sorting algorithm that sorts data with integer keys 

by grouping keys by the individual digits which share the same significant position and value. 

A positional notation is required, but because integers can represent strings of characters (e.g., 

names or dates) and specially formatted floating point numbers, radix sort is not limited to 

integers. Radix sort dates back as far as 1887 to the work of Herman Hollerith on tabulating 

machines. 

 

Algorithm: 
 Step 1: Declare the variables. 
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 Step 2: Enter the number of elements to be sorted. 

Step 3: Compare the first element in the array with the next element and if it is greater 

than the next element means swap those two values. 

Step 4: Else increment the array position and compare with next element. 

Step 5: Repeat Step 3 & 4 until it reach the last element in the array. 

Step 6: Display the sorted array. 

 

Program: 

#include<stdio.h> 

#include<conio.h> 

 

radix_sort(int array[], int n); 

void main() 

{ 

  int array[100],n,i; 

  clrscr(); 

  printf("\n Enter the number of elements to be sorted: "); 

  scanf("%d",&n); 

  printf("\n Enter the elements to be sorted: \n"); 

  for(i = 0 ; i< n ; i++ ) 

  { 

   printf("\t Array[%d] = ",i); 

   scanf("%d",&array[i]); 

  } 

  printf("\n Array Elements Before Radix Sort:"); 

  for(i = 0; i< n; i++) 

  { 

   printf("%8d", array[i]); 

  }  

  printf("\n"); 

  radix_sort(array,n); 

  printf("\n Array Elements After Radix Sort: "); 

  for(i = 0; i< n; i++) 

  {  

   printf("%8d", array[i]); 

  } 

  printf("\n"); 

  getch(); 

} 

 

radix_sort(int arr[], int n) 

{ 

  int bucket[10][5],buck[10]; 

  int i,j,k,l,num,div,large,passes; 

  div=1; 

  num=0; 
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  large=arr[0]; 

  for(i=0 ; i<n ; i++) 

  { 

   if(arr[i] > large) 

   { 

    large = arr[i]; 

   } 

   while(large > 0) 

   { 

    num++; 

    large = large/10; 

   } 

   for(passes=0 ; passes<num ; passes++) 

   { 

    for(k=0 ; k<10 ; k++) 

    { 

     buck[k] = 0; 

    } 

    for(i=0 ; i<n  ;i++) 

    { 

     l = ((arr[i]/div)%10); 

     bucket[l][buck[l]++] = arr[i]; 

    } 

    i=0; 

    for(k=0 ; k<10 ; k++) 

    { 

     for(j=0 ; j<buck[k] ; j++) 

     { 

      arr[i++] = bucket[k][j]; 

     } 

    } 

    div*=10; 

   } 

  } 

   return 0; 

} 

 

Output: 

 Enter the number of elements to be sorted: 5 

 Enter the elements to be sorted:  

  Array[0] = 56 

Array[1] = 34 

Array[2] = 89 

Array[3] = 65 

Array[4] = 23 
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 Array Elements Before Radix Sort: 56     34     89     65     23 

 Array Elements After Radix Sort:   23     34      56      65      89 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code:  CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for Searching: Linear search –Binary Search 

Time: 45 Minutes 

Lesson. No: 8,9/12 

1. Topics to be covered:  Searching: Linear search –Binary Search 

2. Skills Addressed    : Listening, Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the concept of searching. 

4. Outcome (s): 

At the end of the lesson the students will be able to illustrate the use of linear and binary 

search algorithms. 

5. Link Sheet:  

 Define Linear search. 

 Define Binary Search. 

 Write a C program to implement the concept of linear search. 

6. Evocation: (5 Minutes) 

 
 

 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

 Code Breaking 
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4.8 Linear Search & Binary Search 

A search algorithm is an algorithm for finding an item with specified properties among a 

collection of items. The items may be stored individually as records in a database; or may be 

elements of a search space defined by a mathematical formula or procedure, such as the roots of 

an equation with integer variables; or a combination of the two, such as the Hamiltonian circuits 

of a graph. 

Linear Search: 

In linear search, we start with the first available element that is the element that comes 

first. If this is the required element then our search is over, else we take up the second element 

and see if this is the element that we need. This process of considering the next record will go on 

till we find the required element.  

Algorithm: 

Step 1: Read the data to be searched „X‟. 

Step 2: Scan the array from left to right  

Step 3: Compare „X‟ with the first element. 

Step 4: If equals then print the location of the element 

Step 5: Else compare „X‟ with second element and so on. 

Step 6: The above process is repeated for the entire element in the array 

Step 7: If no value in the array matches with „X‟ then print “is not present in the list” and return 

Program: 

#include <stdio.h> 

 int main() 

{ 

   int array[100], search, c, n; 

   clrscr(); 

   printf("Enter the number of elements in array\n"); 

   scanf("%d",&n); 

    printf("Enter %d integer(s)\n", n); 

    for (c = 0; c < n; c++) 

   scanf("%d", &array[c]); 
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    printf("Enter the number to search\n"); 

   scanf("%d", &search); 

    for (c = 0; c < n; c++) 

   { 

      if (array[c] == search)     /* if required element found */ 

      { 

         printf("%d is present at location %d.\n", search, c+1); 

         break; 

      } 

   } 

   if (c == n) 

      printf("%d is not present in array.\n", search); 

   getch(); 

   return 0; 

} 

Output: 

Enter the number of elements in array 

4 

Enter 4 integer(s) 

2 

6 

7 

1 

Enter the number to search 

7 

7 is present at location 3. 
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Binary Search: 

Binary search is called so because on each search the array to be searched is divided into 

two parts, one of which is ignored as it will not contain the required element. The array which is 

to be searched should be arranged in order. 

Algorithm: 

Step 1: Sort the array in ascending order 

Step 2: Let first =0 and last = n-1 

Step 3: Read the data to be searched „X‟ 

Step 4: Find the mid position of the given array 

Step 5: Compare X with mid element, 

a. If X equals then goto step 7,  

b. Else if X less than mid element last=mid-1 

c. If X greater than mid then first=mid+1 

Step 6: If first<=last 

Repeat steps (4) and (5) for the sub array first to last 

Else Goto step 7 

Step 7: If (first>last) print the element else “not found” 

Program: 

#include <stdio.h> 

 int main() 

{ 

   int c, first, last, middle, n, search, array[100]; 

   clrscr(); 

   printf("Enter number of elements\n"); 

   scanf("%d",&n); 

    printf("Enter %d integers\n", n); 

    for ( c = 0 ; c < n ; c++ ) 

    scanf("%d",&array[c]); 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of Engineering & Technology - Virudhunagar 
 

CS6202 / Programming and Data Structures I Page 27 
 

    printf("Enter value to find\n"); 

   scanf("%d",&search); 

    first = 0; 

   last = n - 1; 

   middle = (first+last)/2; 

    while( first <= last ) 

   { 

      if ( array[middle] < search ) 

         first = middle + 1;     

      else if ( array[middle] == search )  

      { 

         printf("%d found at location %d.\n", search, middle+1); 

         break; 

      } 

      else 

         last = middle - 1; 

       middle = (first + last)/2; 

   } 

   if ( first > last ) 

      printf("Not found! %d is not present in the list.\n", search); 

getch();     

return 0;    

} 

Output: 

Enter number of elements 

4 

Enter 4 integers 
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4 

5 

6 

7 

Enter value to find 

6 

6 found at location 3. 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for Hashing: Hash Functions, Separate Chaining 

Time: 45 Minutes 

Lesson. No: 10/12 

1. Topics to be covered:  Hashing: Hash Functions, Separate Chaining 

2. Skills Addressed    : Listening 

3. Objectives of this Lesson Plan: 

To enable students to understand the use of hashing in data structue. 

4. Outcome (s): 

At the end of the lesson the students will be able to understand the use of hashing. 

5. Link Sheet:   

 Define hashing 

 Define Separate Chaining.  

 Define hashing function and hash table. 

 What are the ways of performing hashing. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application  

Symbol tables 
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5.10 Hashing 

Hashing 

• It is a technique used for performing insertions, deletions and search operation in 

constant average time by implementing Hash table data structure.  

• Instead of comparisons, it uses a mathematical function  

• Types of hashing 

1. Static hashing – the hash function maps search key value to a fixed set of 

locations 

2. Dynamic hashing – the hash table can grow to handle more items at run time.  

Hash table 

• The hash table data structure is an array of some fixed size table, containing the keys. 

A key value is associated with each record. 

– A hash table is partitioned into array of buckets. 

– Each bucket has many slots and each slot holds one record. 

Index Slot 

0  

1  

2 37 

3  

4 24 

Hashing functions 

• A hashing function is a key-to-address transformation which acts upon a given key to 

compare the relative position of the key in the hash table. 

• A key can be a number, string , record, etc. 

• A simple hash function 

– Hash(Key) = (Key) Mod (Table-size) 

– For example , if the key is 24 and the table size is 5, then  

– Hash(24) = 24 % 5 = 4 

–  the key value „24‟ is placed in the relative location “4” in the hash table 

Hash function 

• A good Hash Function should 

– Minimize collisions 

– Be easy and quick to compute 

– Distribute keys evenly in the hash table 

– Use all the information provided in the key 

• Routine for simple Hash Function 
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Hash(char *key, int Table_size) 

{  

 int Hash_value = 0; 

 while(*key != „10‟) 

 Hash_value = Hash_value  + *key; 

 *key++; 

 return (Hash_value  % Table_size); 

      } 

Methods of Hashing Function 

1. Mid square method 

2. Modulo division or division remainder  

3. Folding method 

4. Pseudo random number generator method 

5. Digit or character extraction method 

6. Radix transformation 

1. Mid square method 

• The key is squared and the middle part of the result is taken as the hash value 

based on the number or digits required for addressing. 

   H(X) = middle digits of X² 

• For example : 

– Map the key 2453 into a hash table of size 1000. 

– Now X = 2453 and X² = 6017209 

– Extracted middle value “172“ is the hash value  

2. Modulo division 

• This method computes hash value from key using modulo(%) operator 

H(key) = Key % Table_size 

Index  Slot  

0  4  

1   

2   

3   

• For example: 

– Map the key 4 into a hash table of size 4 

– H(4) = 4 % 4 = 0 

3. Folding method 

 This method involves splitting keys into two or more parts each of which has the 

same length as the required address and then adding the parts to form the hash 

function 
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 Two types 

o Fold shifting method 

o Fold boundary method 

 Fold shifting method 

o key = 123203241  

o Partition key into 3 parts of equal length.  

o 123, 203 & 241 

o Add these three parts 

o 123+203+241 = 567 is the hash value 

 Fold boundary method 

o Similar to fold shifting except the boundary parts are reversed  

o 123203241 is the key 

o 3 parts 123, 203, 241 

o Reverse the boundary partitions 

o 321, 203, 142 

o 321 + 203 + 142 = 666 is the hash value  

4. Pseudo random number generator method 

 This method generates random number given a seed as parameter and the 

resulting random number then scaled into the possible address range using 

modulo division. 

 The random number produced can be transformed to produce a hash value. 

5. Digit or Character extraction method 

 This method extracts the selected digits from the key  

 Example:  

o Map the key 123203241 to a hash table size of 1000 

o Select the digits from the positions 2 , 5, 8 . 

o Now the hash value = 204  

6. Radix transformation 

 In this method , a key is transformed into another number base 

 Example : 

o Map the key (8465)10   using base 15 

o Now (8465)10  = (2795)15 

o Now the hash value is 2795 

Applications of Hash tables 

• Database systems 

• Symbol tables 

• Data dictionaries 

• Network processing algorithms 

• Browse caches  
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Collision 

• Collision occurs when a hash value of a record being inserted hashes to an address 

that already contain a different record. (i.e) when two key values hash to the same 

position. 

• Example : 37, 24 , 7 

Index  Slot  

0   

1   

2  37  

3   

4  24  

• 37 is placed in index 2 

• 24 is placed in index 4  

• Now inserting 7  

• Hash (7) = 7 mod 5 = 2  

• 2 collides  

 

 

Collision Resolution strategies 

• The process of finding another position for the collide record is called Collision 

Resolution strategy. 

• Two categories 

1. Open hashing  - separate chaining 

• Each bucket in the hash table is the head of a linked list. All 

elements that hash to same value are linked together. 

2. Closed hashing  - Open addressing, rehashing and extendible hashing. 

• Collide elements are stored at another slot in the table.  

• It ensures that all elements are stored directly into the hash table.  

1) Separate chaining 

• It is an open hashing technique 

• A pointer field is added to each record location. 

• 10, 11, 81, 7, 34, 94, 17,29,89  
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Routine for insertion in Separate chaining 

void insert(int key, Hashtable H) 

{ 

 Position pos,Newcell; 

 List L; 

 Pos=Find(key,H); 

 if(Pos==NULL)  /*key is not found */ 

 { 

  Newcell = malloc(sizeof(struct ListNode)); 

  if(Newcell !=NULL) 

  { 

   L=H→TheLists[Hash(key,H →Tablesize)]; 

   Newcell → Next = L →Next; 

   Newcell →Element = key; 

   L →Next = Newcell; 

  } 

 } 

}  

Position Find(int key, Hashtable H) 

{ 

 Position P; 

 List L; 

 L=H→TheLists[Hash(key,H →Tablesize)]; 

 P = L →Next; 

 while(P!=NULL && P →Element !=key) 

  P=P →Next; 

 return P; 

} 

Advantages and Disadvantages 

• Advantages 
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– More number of elements can be inserted as it uses array of linked 

lists. 

– Collision resolution is simple and efficient. 

• Disadvantages 

– It requires pointers, that occupies more space. 

– It takes ore effort to perform search, since it takes time to evaluate the 

hash function and also to traverse the list  
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Open Addressing 

Time: 45 Minutes 

Lesson. No: 11/12 

1. Topics to be covered:  Open Addressing 

2. Skills Addressed    : Remembering 

3. Objectives of this Lesson Plan: 

To enable students to understand the use of Open Addressing. 

4. Outcome (s): 

At the end of the lesson the students will be able to illustrate the use hashing. 

5. Link Sheet:  

 What is open addressing. 

 Explain in detail About Open Addressing. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

 Symbol Table. 
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5.11 Open Addressing  

Open Addressing: 

 It is a closed hashing technique. 

 In this method, if collision occurs, alternative cells are tried until an empty cell is 

found. 

 There are three common methods 

o Linear probing 

o Quadratic probing 

o Double hashing 

2.1) Linear probing 

• In linear probing, for the ith probe the position to be tried is in a linear 

function 

• F(i) = i, Hash(X) = X % Tablesize  

• Hi(x) =Hash(X) + F(i) mod Tablesize  

    = Hash(X) + i mod Tablesize  

Example : To insert 42,39,69,21,71,55 to the hash table of size 10 using linear 

probing  

1. H0(42) = 42 % 10 = 2 

2. H0(39) = 39 %10 = 9 

3. H0(69) = 69 % 10 = 9 collides with 39  

        H1(69) = (9+1) % 10 = 10 % 10 = 0 

4.   H0(21) = 21 % 10 = 1  

5. H0(71) = 71 % 10 = 1 collides with 21 

  H1(71) = (1 +1) % 10 = 2 % 10 = 2 collides with 42  

  H2(71) = (2 +1) % 10 = 3 % 10 = 3  

Index  Empty Table  After 42  After 39  After 69  After 21  After 71  After 55  

0     69  69  69  69  

1      21  21  21  

2   42  42  42  42  42  42  

3       71  71  

4         

5        55  

6         
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6. H0(55) = 55 % 10 = 5  

• Advantages  

– It doesn‟t require pointers 

• Disadvantages 

– It forms clusters that degrades the performance of the hash table  

2.2) Quadratic probing 

• Based on quadratic function i.e., F(i) = i² 

• Hi(x) =Hash(X) + F(i) mod Tablesize  

    = Hash(X) + i² mod Tablesize  

Example : To insert 89,18, 49, 58, 69 to the hash table of size 10 using quadratic 

probing 

Index  Empty Table  After 89  After 18  After 49  After 58  After 69  

0     49  49  49  

1        

2      58  58  

3       69  

4        

5        

6        

7        

8    18  18  18  18  

9   89  89  89  89  89  

 

1. H0(89) = 89 %10 =9 

2. H0(18) = 18 %10 =8 

3. H0(49) = 49 %10 =9 collides with 89  

 H1(49) = (9+1
2
) % 10 = 10 % 10 = 0 

4. H0(58) = 58 %10 = 8 collides with 18  

 H1(58) = (8 +1
2
) % 10 = 9 % 10 = 9 collides with 89  

7         

8         

9    39  39  39  39  39  
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 H2(58) = (8 + 2
2
) % 10 = 12 % 10 = 2 

5. H0(69) = 69 % 10 =9 collides with 89  

 H1(69) = (9 +1
2
) % 10 = 10 % 10 = 0 collides with 49  

 H2(69) = (9 + 2
2
) % 10 = 13 % 10 = 3 

Limitations: 

• It faces  secondary clustering that is difficult to find the empty slot if the table 

is half full. 

2.3) Double Hashing 

• It uses the idea of applying a second hash function to the key when a collision 

occurs.  

• The result of the second hash function will be the number of positions from 

the point of collision to insert. 

• F(i) = i * Hash2(X) 

• Hi(x) = (Hash(X) + F(i)) mod Tablesize  

  Hi(x) = (Hash(X) + i * Hash2(X) ) mod Tablesize  

A popular second hash function is  

  Hash2(X) = R – (X % R) 

   where R is a prime number 

• Insert : 89, 18, 49, 58, 69  using Hash2(X) = R – (X % R) and R = 7 

• Open addressing hash table using double hashing 

Index  Empty Table  After 89  After 18  After 49  After 58  After 69  

0       69  

1        

2        

3      58  58  

4        

5        

6     49  49  49  

7        

8    18  18  18  18  

9   89  89  89  89  89  

Here Hash(X) = X % 10  & Hash2(X) = 7 – (X % 7) 

1. H0(89) = 89 % 10 = 9 

2. H0(18) = 18 % 10 = 8 

3. H0(49) = 49 % 10 = 9 collides with 89 
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  H1(49) = ((49 % 10 ) + 1 * (7- (49 % 7)) ) % 10  

         = 16 % 10 = 6  

4.  H0(58) = 58 % 10 = 8 collides with 18 

  H1(58) = ((58 % 10 ) + 1 * (7- (58 % 7)) ) % 10  

         = 13 % 10 = 3 

5. H0(69) = 69 % 10 = 9 collides with 89 

  H1(69) = ((69 % 10 ) + 1 * (7- (69 % 7)) ) % 10  

         = 10 % 10 = 0 
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Sri Vidya College of Engineering and 

Technology 

Department of Information Technology 
 

Class / Sem: I CSE / II Semester 

Subject Code: CS 6202 

Subject: Programming and Data Structures I 

Prepared By: T. Vithya 

Lesson Plan for  Rehashing – Extendible Hashing 

Time: 45 Minutes 

Lesson. No: 12/12 

1. Topics to be covered:  Rehashing – Extendible Hashing 

2. Skills Addressed    : Remembering, Understanding 

3. Objectives of this Lesson Plan: 

To enable students to understand the use Rehashing and Extendible Hashing. 

4. Outcome (s): 

At the end of the lesson the students will be able to illustrate the use hashing. 

5. Link Sheet:  

 What is Rehashing. 

 Explain in detail about extendible hashing. 

6. Evocation: (5 Minutes) 

 
 

7. Lecture Notes:  Enclosed here 

8. Textbook :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C”, 2nd Edition, 

Pearson Education, 1997. 

 Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 

9. Application 

 Symbol Table. 
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5.12 Rehashing – Extendible Hashing 

Rehashing: 

• It is a closed hashing technique. 

• If the table gets too full, then the rehashing method builds new table that is about twice as 

big and scan down the entire original hash table, comparing the new hash value 

for each element and inserting it in the new table. 

• Rehashing is very expensive since the running time is O(N), since there are N elements to 

rehash and the  table size is roughly 2N 

• Rehashing can be implemented in several ways like  

1. Rehash , as soon as the table is half full 

2. Rehash only when an insertion fails 

 Routine for rehashing 

 HashTable Rehash(HashTable H) 

 { 

  int i, oldsize; 

  cell *oldcells; 

  oldcells = H→Thecells; 

  oldsize = H → Table_size; 

  H= InitializeTable(2*oldsize); 

  for (i=0;i<oldsize; i++) 

   if (oldcells[i].Info==Legitimate) 

    Insert(oldcells[i].Element.H); 

  free(oldcells); 

  return H; 

 }   

 Example : Suppose the elements 13, 15, 24, 6 are inserted into an open addressing hash table of 

size 7 and if linear probing is used when collision occurs. 

0 6 

1 15 

2  

3 24 

4  

5  

6 13 

• If 23 is inserted, the resulting table will be over 70 percent full.  

0  6  

1  15  

2  23  
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3  24  

4   

5   

6  13  

• A new table is created. The size of the new table is 17, as this is the first prime number 

that is twice as large as the old table size.  

0   

1   

2   

3   

4   

5   

6  6  

7  23  

8  24  

9   

10   

11   

12   

13  13  

14   

15  15  

16   

Advantages 

• Programmer doesn‟t worry about the table size 

• Simple to implement 
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Extendible Hashing: 

• When open addressing or separate hashing is used, collisions could cause several blocks 

to be examined during a Find operation, even for a well distributed hash table.  

• Furthermore , when the table gets too full, an extremely expensive rehashing step must be 

performed, which requires O(N) disk accesses. 

• These problems can be avoided by using extendible hashing. 

• Extendible hashing uses a tree to insert keys into the hash table.  

Example: 

• Consider the key consists of several 6 bit integers.  

• The root of the “tree” contains 4 pointers determined by the leading 2 bits.  

• In each leaf the first 2 bits are identified and indicated in parenthesis. 

• D represents the number of bits used by the root(directory) 

• The number of entries in the directory is 2
D
  

 
• Suppose to insert the key 100100.  

• This would go to the third leaf but as the third leaf is already full.  

• So split this 

•  

•  leaf into two leaves, which are now determined by the first three bits.  

• Now the directory size is increased to 3.  
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• Similarly if the key 000000 is to be inserted, then the first leaf is split into 2 leaves. 

 
Advantages & Disadvantages: 

• Advantages 

– Provides quick access times for insert and find operations on large databases. 

• Disadvantages 

– This algorithm does not work if there are more than M duplicates  
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