
 

SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 

Department of Information Technology 

 

Class II Year -ECE(03 Semester) 

Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for Overview of C++ 

Time: 50 Minutes 

Lesson. No Unit 1– Lesson No. 01/ 14 

 

1.CONTENT LIST: 

Overview of C++ 

 

2. SKILLS ADDRESSED: 

Understanding 

Remembering 

 

3. OBJECTIVE OF THIS LESSON PLAN: 

i. To facilitate students to understand about the basics of C++. 

 

4.OUTCOMES: 

i. Explain object oriented programming 

ii. Explain about C++ programming. 

 

 

5.LINK SHEET: 

i. Write a note on C++ programming. 

ii. Give a C++ program for printing a line of text. 

iii. List the operators in C++. 
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6.EVOCATION: (10 Minutes) 

 

 

7. LECTURE NOTES: (40 Minutes) 

 

OVERVIEW OF C++ : 

 C++ is an object oriented programming language. C++ language facilitates a structured 

and disciplined approach to computer program design.  

      Features :   

 Emphasis is on data rather than procedure 

 Programs are divided into objects 

 Functions that operate on the data of the object are tied together in data structure 

 Data is hidden and cannot be accessed by external functions 

Objects may communicate with each other using function 

 

A simple program for printing a line of text : 
 #include<iostream.h> 

 Int main() 

{ 

 cout<<”welcome to C++\n”; 

 Return 0; 

} 

Output : 

 Welcome to C++ 

 

Program for adding two numbers : 

 #include <iostream.h> 

 Int main() 

{ 

 Int integer1,integer2,sum; 

 Cout<<”Enter the first integer\n”; 

 Cin>>integer1; 

 Cout<<”Enter the second integer\n”; 

 Cin>>integer2; 
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 Sum=integer1+integer2; 

Cout<<”sum is”<<sum<<endl; 

Return 0; 

} 

Output : 

 Enter first integer 

 2 

 Enter second integer 

 3 

 Sum is 5. 

 

8.TEXT BOOKS : 

1. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

9.APPLICATIONS : 

10.   User interface design such as windows, menu ,… 

11.   Real Time Systems 

12.   Simulation and Modeling 

13.   Object oriented databases 

14.   AI and Expert System 

15.   Neural Networks and parallel programming 

16.   Decision support and office automation system 

 

  

 

 

SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 
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Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for Structures, class scope and accessing class members 

Time: 50 Minutes 

Lesson. No Unit 1– Lesson No. 02/ 14 

 

17. CONTENT LIST: 

Structures,  class scope and accessing class members. 
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18. SKILLS ADDRESSED: 

Understanding 

Remembering 

 

19.  OBJECTIVE OF THIS LESSON PLAN: 

ii. To facilitate students to understand about structures. 

iii. To enable students to learn about class scope 

iv. To enable students to understand about accessing class members. 

 

20. OUTCOMES: 

iii. Explain the structures of C++ 

iv. Explain the class scope. 

v. Illustrate the accessing of class members. 

 

21. LINK SHEET: 

iv. Give structure definition. 

v. Define class scope and explain about accessing the class members. 

 

 

 

 

 

22. EVOCATION: (10 Minutes) 

 

 

23.  LECTURE NOTES: (40 Minutes) 

 STRUCTURES : 
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 Structures are aggregate data types built using elements of other types including other 

structs.  

Structure definition : 

 struct time { 

  int hour; 

  int minute; 

  int second; 

}; 

Struct  introduces the structure definition. 

Time is the structure tag 

Accessing members of structures : 

 Members of structures are accessed using the member access operators – dot operator(.) 

and arrow operator(->) 

 The dot operator accesses a structure or class member via the variable name for the 

object. 

Eg: 

To print member hour of structure timeobject : 

 Cout<<timeobject.hour; 

To print member hour of the structure referenced by timeRef, use the statement 

 Cout<<timeRef.hour; 

 For arrow operator,  assume that the pointer timeptr has been declared to point to a time 

object, and that the address of structure timeobject has been assigned to timeptr. To print 

member hour of structure timeobject with pointer timeptr, use the statements 

 Timeptr=&timeobject; 

 Cout<<timeptr->hour; 

The expression timeptr->hour is equivalent to (*timeptr).hour, which dereferences the pointer 

and accesses the member hour using the dot operator. The parentheses are needed here because 

the dot operator (.) has a highest precedence than the dereferencing operator(*). The arrow 

operator and dot operator along with parantheses and brackets([]) have the second highest 

operator precedence and associate from left to right. 

 

CLASS SCOPE AND ACCESSING CLASS MEMBERS :  
 A class’s data members and member functions and member functions  belong to that 

class’s scope. Nonmember functions are defined as file scope. 

 Within a class scope, class members are immediately accessible by all of that class’s 

member functions and can be referenced by name. Outside a class scope, class members are 

referenced through one of the handles on an object-object name. 

 Member functions of a class can be overloaded , but only by other member functions of a 

class. To overload a member function, simply provide in the class definition ,a prototype for each 

version of the overloaded function, and provide a separate function definition for each version of 

the function. 

 The operators used to access the class members are identical to the operators used to 

access structure members. The dot member selection operator (.) is combined with an object’s 

name or with a reference to an object to access the object’s members. The arrow member 

selection operator(->) is combined with a pointer to an object to access thatr object’s members. 

Eg: 
 #include<iostream.h> 
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 using std::cout; 

 using std::endl; 

class count 

{ 

 Public: 

 Int x; 

 Void print() 

{ 

 Cout<<x<<endl; 

} 

}; 

 Int main() 

{ 

 Count counter, 

 *counter Pointer=&counter; 

 &counterRef=counter; 

 Cout<,”Assign 7 to x and print using the object’s name:”; 

Counter.x=7;  

Counter.print(); 

Cout<,”Assign 8 to x and print using a reference:”; 

CounterRef.x=8;  

CounterRef.print(); 

Cout<,”Assign 10 to x and print using pointer:”; 

CounterPtr.x=10;  

CounterPtr->print(); 

Return 0; 

} 

Output : 

Assign 7 to x and print using the object’s name: 7 

Assign 8 to x and print using a reference : 8 

Assign 10 to x and print using pointer :10 

 

24. TEXT BOOKS : 

2. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

25. APPLICATIONS : 

26.   User interface design such as windows, menu ,… 

27.   Real Time Systems 

28.   Simulation and Modeling 

29.   Object oriented databases 

30.   AI and Expert System 

31.   Neural Networks and parallel programming 

32.   Decision support and office automation system 
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SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 

Department of Information Technology 

 

Class II Year -ECE(03 Semester) 

Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for Reference variables and initialization 

Time: 50 Minutes 

Lesson. No Unit 1– Lesson No. 03/ 14 

 

33. CONTENT LIST: 

 Reference variables and initialization 

 

34. SKILLS ADDRESSED: 

Understanding 

Remembering 

 

35.  OBJECTIVE OF THIS LESSON PLAN: 

v. To facilitate students to understand about structures. 

vi. To enable students to learn about class scope 

vii. To enable students to understand about accessing class members. 

 

36. OUTCOMES: 

vi. Explain the structures of C++ 

vii. Explain the class scope. 

viii. Illustrate the accessing of class members. 

 

37. LINK SHEET: 

vi. Give structure definition. 

vii. Define class scope and explain about accessing the class members. 
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38. EVOCATION: (10 Minutes) 

 

 

39.  LECTURE NOTES: (40 Minutes) 

 REFERENCE VARIABLES : 

A reference variable is an alias, that is, another name for an already existing variable. 

Once a reference is initialized with a variable, either the variable name or the reference name 

may be used to refer to the variable. 

Read the & in these declarations as reference. Thus, read the first declaration as "r is an integer 

reference initialized to i" and read the second declaration as "s is a double reference initialized to 

d.".  

Following example makes use of references on int and double: 
#include <iostream> 
  
using namespace std; 
  
int main () 
{ 
   // declare simple variables 
   int    i; 
   double d; 
  
   // declare reference variables 
   int&    r = i; 
   double& s = d; 
    
   i = 5; 
   cout << "Value of i : " << i << endl; 
   cout << "Value of i reference : " << r  << endl; 
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   d = 11.7; 
   cout << "Value of d : " << d << endl; 
   cout << "Value of d reference : " << s  << endl; 
    
   return 0; 
} 
When the above code is compiled together and executed, it produces the following result: 
Value of i : 5 
Value of i reference : 5 
Value of d : 11.7 
Value of d reference : 11.7 

References are usually used for function argument lists and function return values. So following 

are two important subjects related to C++ references which should be clear to a C++ 

programmer: 

Concept Description 

References as parameters  

C++ supports passing references as function 

parameter more safely than parameters. 

Reference as return value  

You can return reference from a C++ function like 

a any other data type can be returned. 

 

 

 

INITIALIZATION : 

INITIALIZING CLASS OBJECTS  : CONSTRUCTORS 

 When a class object is created, its members can be initialized by that class’s constructor 

function. 

 

40. TEXT BOOKS : 

3. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

41. APPLICATIONS : 

 Real time applications 
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Prepared By V.Aruna 

Lesson Plan for Constructors 

Time: 50 Minutes 

Lesson. No Unit 1– Lesson No. 04/ 14 

 

42. CONTENT LIST: 

Constructors 

 

43. SKILLS ADDRESSED: 

Understanding 

Remembering 

Implementing 

 

44.  OBJECTIVE OF THIS LESSON PLAN: 

viii. To facilitate students to understand about constructors. 

 

45. OUTCOMES: 

ix. Explain constructors 

 

46. LINK SHEET: 

viii. Explain constructors. 

ix. Illustrate using default arguments with constructor 

 

 

 

 

 

 

 

47. EVOCATION: (10 Minutes) 
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48.  LECTURE NOTES: (40 Minutes) 

 INITIALIZATION : 

INITIALIZING CLASS OBJECTS  : CONSTRUCTORS 

 When a class object is created, its members can be initialized by that class’s constructor 

function. 

 A constructor is a class member function with the same name as the class. The 

programmer provides the constructor , which is then invoked automatically each time an object 

of that class is created. Constructors may be overloaded to provide a variety of means for 

initializing objects of a class. Data members must either be initialized in a constructor of the 

class or their values may be set later after the object is created. 

 When an object of a class is declared, initializers can be provided in parantheses to the 

right of the object name and before the semicolon. The initializers are passes as arguments to the 

class’s constructor.  

USING DEFAULT ARGUMENTS WITH CONSTRUCTORS : 

 By providing default arguments to the constructor, even if no values are provided in a 

constructor call, the object is still guaranteed to be initialized to a consistent state, due to the 

default arguments. A  programmer supplied constructor that defaults all its arguments is also a 

default constructor. There can be only one default constructor per class. 

 Eg:  

#include<conio.h> 

#include<iostream.h> 

class student 

{ 

int roll_no; 

float marks; 

public: 

student(int x=10,float y=40) 

{ 

roll_no=x; 

marks=y; 
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} 

void display() 

{ 

cout<<”Roll no: “<<roll_no<<endl; 

cout<<”Marks: “<<marks<<endl; 

} 

}; 

void main() 

{ 

student s1; 

student s2(1,60); 

clrscr(); 

cout<<”Output using default constructor arguments:\n”; 

s1.display(); 

cout<<”Output without default constructor arguments:\n”; 

s2.display(); 

getch(); 

}; 

 

49. TEXT BOOKS : 

4. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

50. APPLICATIONS : 

 Parallel processing 
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Lesson Plan for Constructors 

Time: 50 Minutes 

Lesson. No Unit 1– Lesson No. 05/ 14 

 

51. CONTENT LIST: 

Constructors - using default argument with constructors 

 

52. SKILLS ADDRESSED: 
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Understanding 

Remembering 

Applying 

 

53.  OBJECTIVE OF THIS LESSON PLAN: 

ix. To facilitate students to understand about constructors. 

x. To enable students to write a program using constructor 

 

54. OUTCOMES: 

x. Explain constructors 

 

55. LINK SHEET: 

x. Give a C++ program using default argument with constructors 

 

 

 

 

 

 

 

56. EVOCATION: (10 Minutes) 

 

 

57.  LECTURE NOTES: (40 Minutes) 

 

USING DEFAULT ARGUMENTS WITH CONSTRUCTORS : 
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 By providing default arguments to the constructor, even if no values are provided in a 

constructor call, the object is still guaranteed to be initialized to a consistent state, due to the 

default arguments. A  programmer supplied constructor that defaults all its arguments is also a 

default constructor. There can be only one default constructor per class. 

 Eg:  

#include<conio.h> 

#include<iostream.h> 

class student 

{ 

int roll_no; 

float marks; 

public: 

student(int x=10,float y=40) 

{ 

roll_no=x; 

marks=y; 

} 

void display() 

{ 

cout<<”Roll no: “<<roll_no<<endl; 

cout<<”Marks: “<<marks<<endl; 

} 

}; 

void main() 

{ 

student s1; 

student s2(1,60); 

clrscr(); 

cout<<”Output using default constructor arguments:\n”; 

s1.display(); 

cout<<”Output without default constructor arguments:\n”; 

s2.display(); 

getch(); 

}; 

 

58. TEXT BOOKS : 

5. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

59. APPLICATIONS : 

 Neural networks 
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TECHNOLOGY, VIRUDHUNAGAR 
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Lesson Plan for Destructors 

Time: 50 Minutes 

Lesson. No Unit 1– Lesson No. 06/ 14 

 

60. CONTENT LIST: 

Destructors 

 

61. SKILLS ADDRESSED: 

Understanding 

Remembering 

 

62.  OBJECTIVE OF THIS LESSON PLAN: 

xi. To facilitate students to understand about destructors 

xii. To enable students to write a program using constructors and destructors 

 

63. OUTCOMES: 

xi. Explain destructors with an example 

 

64. LINK SHEET: 

xi. Illustrate destructor with an example 

 

65. EVOCATION: (10 Minutes) 
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66.  LECTURE NOTES: (40 Minutes) 

 

 DESTRUCTORS ; 

 A destructor is a special member function of a class. The name of a destructor for a class 

is the tilde(~) character followed by the class name. A class’s destructor is called when an object 

is destroyed.  

Eg: For automatic objects when program execution leaves the scope in which an object of that 

class was instantiated. 

The destructor itself does not destroy the object. It performs termination house-keeping 

before the system reclaims the object’s memory so that memory may be reused to hold new 

objects. A destructor receives no parameters and returns no value. A class may have only one 

destructor. Destructor overloading is not allowed. 

Eg : Program using constructor and destructor  

#include<iostream.h> 

#include<conio.h> 

Class student 

{ 

Private: 

Char name [25]; 

Int roll; 

Float height, weight; 

Public: 

Student () 

{ 

Strcpy (name, “ram”); 

roll=0; 

height=0; 

weight=0; 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



} 

Void display () 

{ 

Cout<<”\n name :”<< name; 

Cout<<”\n roll no”<<roll; 

Cout<<”\n Height”<<height; 

Cout<<”\n weight”<<weight; 

} 

~ Student () 

{ 

Cout<<”\n destroying object”; 

} 

}; 

Void main () 

{ 

Student obj; 

Obj. Student (); 

getch (); 

} 

  

 

67. TEXT BOOKS : 

6. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

68. APPLICATIONS : 
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 Real time applications 
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TECHNOLOGY, VIRUDHUNAGAR 
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Class II Year -ECE(03 Semester) 

Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for Member function and classes 

Time: 50 Minutes 

Lesson. No Unit 1– Lesson No. 07/ 14 

 

69. CONTENT LIST: 

 Member function and classes 

 

70. SKILLS ADDRESSED: 

  Learning 

Understanding 

Remembering 

 

71.  OBJECTIVE OF THIS LESSON PLAN: 

xiii. To facilitate students to understand about member functions. 

xiv. To enable students to learn about class  

 

72. OUTCOMES: 

xii. Explain about member functions 

xiii. Explain about classes. 

 

73. LINK SHEET: 

xii. What is a member function ? 

xiii. Explain classes. 
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74. EVOCATION: (10 Minutes) 

 

 

 

75.  LECTURE NOTES: (40 Minutes) 

 MEMBER FUNCTIONS AND CLASSES : 

 A class’s private data members can be accessed only by member functions of the class. 

Classes often provide public member functions to allow clients of the class to set or get the 

values of private data members. These functions need not be called set and get specifically. 

 Eg: adjustment of a customer’s bank balance (a private data member of a  class 

BankAccount) by a member function computeInterest. 

A member function that sets data member interestRate would typically be named set 

InterestRate, and a member function that gets the  interestRate would typically be called 

getInterestRate. Get  functions are also commonly called query functions.  

 If a data member is public ,then the data member may be read or written at will by 

any function in the program. If the data member is private , a public get function would certainly 

seem to allow other functions to read the data at will,but the get function could control the 

formatting and control the data. A public set function could carefully scrutinize any attempt to 

modify the value of the data member. This would ensure that the new value is appropriate for 

that data item. 

 Eg : An attempt to set the day of the month as 37 could be rejected. 

Eg : program for adding two numbers  

#include <iostream> 

using namespace std; 

 

int main() 

{ 

int x; 

int y; 
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int sum; 

           

   cout << "Insert two numbers to be added: "<<endl; 

    cin >> x; 

    cout<<"Enter second No: "<<endl; 

    cin>> y; 

 

   sum = x + y; 

   cout <<"Sum is: "<<sum<<endl; 

   return 0; 

} 

 

76. TEXT BOOKS : 

7. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

77. APPLICATIONS : 

 Real time applications 
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Lesson Plan for Friend function 

Time: 50 Minutes 

Lesson. No Unit 1– Lesson No. 08/ 14 

 

78. CONTENT LIST: 

Friend function 

 

79. SKILLS ADDRESSED: 

  Learning 

Understanding 

 

80.  OBJECTIVE OF THIS LESSON PLAN: 
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xv. To facilitate students to understand about friend function. 

 

81. OUTCOMES: 

xiv. Explain friend function 

xv.  

82. LINK SHEET: 

xiv. Illustrate friend function with an example 

 

 

 

 

 

 

 

 

 

83. EVOCATION: (10 Minutes) 

 

 

 

84.  LECTURE NOTES: (40 Minutes) 

 FRIEND FUNCTION: 
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 The function that is declared with a keyword friend is known as friend. A friend function 

of a class is defined outside the class’s scope, yet have the right to access the private members of 

the class. A function or an entire class can be declared to be a friend of another class.  

Function declaration should be preceded by a keyword friend. A function can be declared friend 

in any number of classes.  

 

 

Characteristics : 

 
 

Eg:  

 

 
Output : 

Mean value = 32.5 

A member function of one class can be friend function of another class .In that case, scope 

resolution operator should be used. 
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85. TEXT BOOKS : 

8. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

86. APPLICATIONS : 

 Object oriented systems 
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Time: 50 Minutes 

Lesson. No Unit 1– Lesson No. 09/ 14 

 

87. CONTENT LIST: 

Dynamic memory allocation, static class members 

 

88. SKILLS ADDRESSED: 

  Learning 

Understanding 

 

89.  OBJECTIVE OF THIS LESSON PLAN: 

xvi. To facilitate students to understand about dynamic memory allocation. 

xvii. To enable students to understand about static class members. 

 

90. OUTCOMES: 

xvi. Explain dynamic memory allocation 

xvii. Explain static class members. 

 

91. LINK SHEET: 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



xv. Illustrate dynamic memory allocation with a sample program 

xvi. Explain static class members with an example. 

 

 

 

 

 

 

 

 

 

92. EVOCATION: (10 Minutes) 

 

   

 

93.  LECTURE NOTES: (40 Minutes) 

 DYNAMIC MEMORY ALLOCATION : 

 The ability of the program to obtain more memory space at execution time to 

hold new nodes and to release space no longer needed is known as dynamic binding. 

Creating and maintaining dynamic data structures require dynamic memory allocation. The limit 

of the dynamic memory allocation can be as the amount of the available physical memory in the 

computer or the amount of available virtual memory in avirtual memory system. 

 Operators new and delete are essential to dynamic memory allocation. Operator 

new takes as an argument the type of the object being dynamically allocated and returns a 

pointer to an object of that type. 

 Eg: Node *newPtr=new node(10);        
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Allocates sizeof(Node) bytes, runs the Node constructor and stores a pointer to this memory in 

newPtr. If no memory is available, new throws a  bad_alloc exception. The 10 is the node 

object’s data. 

 The delete operator runs the Node destructor and deallocates memory allocated 

with new – the memory is returned to the system so that the memory can be reallocated in the 

future. To free memory dynamically allocated by the preceeding new, use the statement : 

 Delete newPtr; 

The newPtr itself is not deleted, rather the space newPtr  points to is deleted. 

 

STATIC CLASS MEMBERS : 
 A static class variable represents “class-wide” information . The declaration of 

static member starts with a keyword static. 

 Eg: video game 

Although static data members may seem like global variables, static data members have class 

scope. Static members can be public, private or protected . static data members must be 

initialized once at file scope. A class’s public static class members can be accessed through any 

object of that class or they can be accessed through the class name using the binary scope 

resolution operator. A class’s private and protected static members must be accessed through 

public member functions of the class or through friends of the class .To access a public static 

class member when no member of the class exists, simply prefix the class name and the binary 

scope resolution operator to the name of the data member .To access private or protected static 

class member  when no member of the class exist, a public static class member function must be 

provided and the function must be called by prefixing its name with the class name and binary 

scope resolution operator. 

Eg: 
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Output : 

Count : 0 

 

Count : 0 

Count : 0 

After reading data 

Count : 3 

Count : 3 

Count : 3 

 

94. TEXT BOOKS : 

9. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

95. APPLICATIONS : 

 Neural networks and parallel programming 
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Prepared By V.Aruna 

Lesson Plan for Container classes and iterators, proxy classes 

Time: 50 Minutes 

Lesson. No Unit 1– Lesson No. 10/ 14 

 

96. CONTENT LIST: 
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Container classes and iterators, proxy classes 

 

97. SKILLS ADDRESSED: 

  Learning 

Understanding 

 

98.  OBJECTIVE OF THIS LESSON PLAN: 

xviii. To facilitate students to understand about Container classes and iterators 

xix. To enable students to understand about proxy classes 

 

99. OUTCOMES: 

xviii. Explain Container classes and iterators 

xix. Explain proxy classes. 

 

100. LINK SHEET: 

xvii. What are container classes? Give an example 

xviii. Explain iterator 

xix. What are proxy classes ? 

 

 

 

 

 

 

 

 

 

101. EVOCATION: (10 Minutes) 

  

 Container classes 
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                                       Iterators 

 

 

 

 

Proxy classes 

 

 

 

102.  LECTURE NOTES: (40 Minutes) 

 

 CONTAINER CLASSES AND ITERATORS: 

 Classes designed to hold collection of objects is known as container classes or 

collection classes. They commonly provide services such as insertion, deletion, searching, 

sorting, testing an item if it is a member of the collection,.. 
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 Eg: arrays, stacks, queues, trees, linked list. 

 An iterator is an object that returns the next member of the collection. Each item 

maintains its own position information. 

 

PROXY CLASSES : 
 It is desirable to hide the implementation details of a class to prevent access to 

proprietary information  and proprietary program logic in a class. Providing clients of the class 

with a proxy class that k\nows only the public interface to the class enables the clients to use the 

class services without giving the client access to the class implementation details. 

Steps : 

 Create the class definition and implementation files for the class whose private data  need to be 

hidden. 

Eg : 

 
 

 

 

 

 

 

103. TEXT BOOKS : 

10. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

104. APPLICATIONS : 

 Real time applications 
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SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 

Department of Information Technology 

 

Class II Year -ECE(03 Semester) 

Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for Function overloading and operator overloading 

Time: 50 Minutes 

Lesson. No Unit 1– Lesson No. 11/ 14 

 

105. CONTENT LIST: 

Function overloading and operator overloading - introduction 

 

106. SKILLS ADDRESSED: 

  Learning 

Understanding 

Implementing 

 

107.  OBJECTIVE OF THIS LESSON PLAN: 

xx. To facilitate students to understand about function overloading 

xxi. To enable students to understand about operators that can and cannot be 

overloaded. 

 

108. OUTCOMES: 

xx. Explain Function overloading 

xxi. Explain the operators that can and cannot be overloaded. 

 

109. LINK SHEET: 

xx. What is function overloading? 

xxi. Give an example C++ program for function overloading. 

xxii. List the operators that can be overloaded. 

xxiii. List the operators that cannot be overloaded. 
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110. EVOCATION: (10 Minutes) 

  

 

   

 

 

 

 

 

 

111.  LECTURE NOTES: (40 Minutes) 

 OVERLOADING : FUNCTION OVERLOADING AND OPERATOR OVERLOADING 

FUNCTION OVERLOADING : 

 C++ enables several functions of the same name to be defined, as long as these 

functions have different sets of parameters. This capability is called as function overloading.  

When an overloaded function is called, the C++ compiler selects the proper function by 

examining the number, type and order of the arguments in the call . Function overloading is 

commonly used to create several functions of the same name that perform several tasks but on 

different data types. Overloaded function need not have same parameters. 

Eg: 
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Output : 

1000 

157.26 

12500 

OPERATOR OVERLOADING : 

  To use an operator on class objects, the operator must be overloaded. 

 Operators are overloaded by writing a function definition as normally, except 

that the function name now becomes the keyword operator followed by the symbol of the 

operator being overloaded.  

 Eg: operator+ is used to overload the addition operator(+). 

Exceptions: 

 Assignment operator = may be used with every class without explicit overloading 

 The address operator & may also be used with objects any class without overloading. The 

address operator can also be overloaded. 

Restrictions on operator overloading : 

 The operators that can be overloaded are: 

+ - * / % ^ & | 

~ ! = < > += -= *= 

/= %= ^= &= |= << >> >>=  

<<= == != <= >= && || ++ 

 ->* , -> [] () new delete 

 

The operators that cannot be overloaded 

. 

.* 

:: 

?: 

Sizeof 
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112. TEXT BOOKS : 

11. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

113. APPLICATIONS : 

 Real time applications 

 

SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 

Department of Information Technology 

 

Class II Year -ECE(03 Semester) 

Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for Function overloading and operator overloading 

Time: 50 Minutes 

Lesson. No Unit 1– Lesson No. 12/ 13 

 

114. CONTENT LIST: 

Operator overloading  - user defined stream insertion and stream extraction operators, 

array and string with operator overloading, date with overloaded increment operators, 

complex number class, huge integer class. 

 

115. SKILLS ADDRESSED: 

  Learning 

Understanding 

Implementing 

 

116.  OBJECTIVE OF THIS LESSON PLAN: 

xxii. To facilitate students to understand about operator overloading 

xxiii. To enable students to understand about user defined stream insertion and stream 

extraction operators 

xxiv. To enable students to learn array and string with operator overloading, date with 

overloaded increment operators. 

xxv. To enable students to understand complex number class, huge integer class. 

 

117. OUTCOMES: 
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xxii. Explain user defined stream insertion and stream extraction operators 

xxiii. Explain string with operator overloading, date with overloaded increment 

operators. 

xxiv. Explain  complex number class, huge integer class.. 

 

 

118. LINK SHEET: 

xxiv. Illustrate stream insertion and stream extraction operators 

xxv. Explain string with operator overloading.  

xxvi. Illustrate date with overloaded increment operators 

xxvii. Explain  complex number class, huge integer class.. 

 

 

119. EVOCATION: (10 Minutes) 

  

 

   

 

 

 

 

120.  LECTURE NOTES: (40 Minutes) 

 Overloading stream insertion and stream extraction operator : 

 C++ is able to input and output the built in data types using the stream extraction 

operator>> and stream insertion operator <<. 

Eg: 

Cin>>a>>b; 

Cout<<”hi”<<hello; 

 

Overloading unary operators: 

 An unary operator for a class can be overloaded as a non-static member function 

with no arguments or as a non-member function with one argument, that argument must be either 

an object of a class or a reference to the object of the class.  
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Eg: overloading - operator 

 

 
   

Output : 

S: 10  -20  30 

S: -10  20  30 

 

 

Overloading binary operators : 
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 A binary operator can be overloaded as a non-static member function with one 

argument ,or as a non-member function with two arguments.  

Eg: overloading + operator 

 

  
Output : 

 
 

Operator functions as class members vs as friend function 

 Operator functions can be member functions or non-member functions, non-

member functions are often made friends for performance reasons. 

 When an operator function is implemented as a member function , the leftmost 

operand must be a class object of the operator’s class. A non-member operator function needs to 

be a friend if that function must access private or protected members of that class directly. 
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121. TEXT BOOKS : 

12. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

122. APPLICATIONS : 

 Real time applications 
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SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 

Department of Information Technology 

 

Class II Year -ECE(03 Semester) 

Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for Base classes and derived classes 

Time: 50 Minutes 

Lesson. No Unit 2– Lesson No. 01/ 12 

 

1.CONTENT LIST: 

Base classes and derived classes  

 

2. SKILLS ADDRESSED: 

  Learning 

Understanding 

Remembering 

 

3. OBJECTIVE OF THIS LESSON PLAN: 

i. To facilitate students to understand about base classes and derived classes. 

 

4.OUTCOMES: 

i. Explain base classes and derived classes 

 

5.LINK SHEET: 

i. What is a base class ? 

ii. What is a derived class ? 

iii. Give a simple C++ program to illustrate base and derived classes . 

 

6.EVOCATION: (10 Minutes) 
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7. LECTURE NOTES: (40 Minutes) 

 INHERITANCE : 

 Inheritance is a form of software reusability in which new classes are created from 

existing classes by absorbing their attributes and behaviors and overriding these with capabilities 

the new classes require. 

 When creating a new class, instead of writing completely new data members and member 

functions, the programmer can designate that the new class is to inherit the data members and 

member functions of a previously defined base class. The new class is referred to as derived 

class. 

Single inheritance – A class is derived from one base class 

Multiple inheritance – Derived class inherits from multiple base classes. 

 

BASE CLASSES AND DERIVED CLASSES : 

 The class from which other class is derived is called as base class or superclass. 

 The new class is known as derived class or sub class. 

Eg: 

Base class Derived classes 

Student Undergraduate student 

Post graduate student 

Shape Circle 

Triangle 

Square 

 

 Inheritance forms a tree like hierarchical structure. A base class exists in a hierarchical 

relationship with its derived classes. 
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Eg: A portion of class shape hierarchy 

     Shape 

 

Two dimensional shape   three dimensional shape 

 

 

 

Circle square  triangle   sphere cube tetrahedron 

  

 

 

 

 

A base class’s public members are accessible by all functions in the program. A base class’s 

private members are accessible only by member functions and friends of the base class. 

 

8.TEXT BOOKS : 

1. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

9.APPLICATIONS : 

 Simulation and modelling 

 

 

SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 

Department of Information Technology 

 

Class II Year -ECE(03 Semester) 

Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for Protected members, casting class pointer and member function. 

Time: 50 Minutes 

Lesson. No Unit 2– Lesson No. 02/ 12 

 

10. CONTENT LIST: 

Protected members, casting class pointer and member functions 

 

11. SKILLS ADDRESSED: 

  Learning 
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Understanding 

Remembering 

 

12.  OBJECTIVE OF THIS LESSON PLAN: 

ii. To facilitate students to understand about protected members. 

iii. To enable students on casting class pointer and member function. 

 

13. OUTCOMES: 

ii. Explain protected members 

iii. Explain about casting class pointer and member function. 

 

14. LINK SHEET: 

iv. What is a protected member ? 

v. Illustrate casting class pointer and member function. 

 

 

 

 

 

15. EVOCATION: (10 Minutes) 
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16.  LECTURE NOTES: (40 Minutes) 

 PROTECTED MEMBERS : 

 Protected  access is an intermediate level of protection between public and private 

access. A base class’s protected members may be accessed only by members and friends of the 

base class and by members and friends of the derived classes. Derived class members can refer 

to public and protected members of the base class simply by using the member names. Protected 

breaks encapsulation-a change to protected members of a base class may require modification of 

all derived classes. 

 

CASTING CLASS POINTERS [CASTING BASE-CLASS POINTERS TO DERIVED-

CLASS POINTERS] 

 An object of a publicly derived class can also be treated as an object of its corresponding 

base class. The programmer use an explicit cast to convert a base class pointer to a derived class 

pointer. This process is called downcasting a pointer. If such a pointer is to be dereferenced, then 

the programmer should be sure that the type of the pointer matches the type of the object to 

which it points. 

 

 

17. TEXT BOOKS : 

2. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

18. APPLICATIONS : 

 Real time applications 

 

SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 

Department of Information Technology 

 

Class II Year -ECE(03 Semester) 

Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for Protected members, casting class pointer and member function. 

Time: 50 Minutes 

Lesson. No Unit 2– Lesson No. 03/ 12 
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19. CONTENT LIST: 

Casting class pointers-eg, member functions 

 

20. SKILLS ADDRESSED: 

  Learning 

Understanding 

Remembering 

 

21.  OBJECTIVE OF THIS LESSON PLAN: 

iv. To facilitate students to understand about member functions. 

 

22. OUTCOMES: 

iv. Explain casting class pointers with an example 

v. Explain about casting class pointer with an example. 

 

23. LINK SHEET: 

i. Explain casting class pointers with an example 

ii. Explain about casting class pointer with an example. 

 

 

 

 

 

 

24. EVOCATION: (10 Minutes) 
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25.  LECTURE NOTES: (40 Minutes) 

 Eg:  

#include <iostream> 

using namespace std; 

 

class Base { 

public: 

  Base() {}; 

  ~Base() {}; 

}; 

 

template<class T> 

class Derived: public Base { 

  T _val; 

public: 

  Derived() {} 

  Derived(T val): _val(val) {} 

  T raw() {return _val;} 

}; 

 

int main() 

{ 

  Base * b = new Derived<int>(1); 

  Derived<int> * d = b; 

  cout << d->raw() << endl; 

  return 0; 

} 
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Base class pointer is created and the pointer of a new derived template class is putted in it. Then 

a new pointer for the derived template class is created. 

 

MEMBER FUNCTIONS : 
 A derived class’s member functions may need to access certain base class data members 

and member functions. If a derived class could access the base class’s private members , this 

would violate the encapsulation of the base class. If a derived class could access its base class’s 

private members ,it would then be possible for classes derived from that derived class to access 

that data as well and so on. This would propagate access to private data,  and the benefits of 

encapsulation would  be lost throughout the class hierarchy. 

 

26. TEXT BOOKS : 

3. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

27. APPLICATIONS : 

 Neural networks and parallel programming 

 

 

SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 

Department of Information Technology 

 

Class II Year -ECE(03 Semester) 

Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for Overriding, public, protected and private inheritance 

Time: 50 Minutes 

Lesson. No Unit 2– Lesson No. 04/ 12 

 

28. CONTENT LIST: 

Overriding  

 

29. SKILLS ADDRESSED: 

  Learning 

Understanding 

Remembering 

 

30.  OBJECTIVE OF THIS LESSON PLAN: 
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v. To facilitate students to understand about overriding base class members in a 

derived class. 

 

31. OUTCOMES: 

vi. Explain overriding base class members in a derived class. 

 

32. LINK SHEET: 

i. Explain overriding base class members in a derived class. 

ii. Write an example program for overriding base class members in a derived class. 

 

 

 

 

 

 

33. EVOCATION: (10 Minutes) 

  

 

   

 

 

 

34.  LECTURE NOTES: (40 Minutes) 

 OVERRIDING BASE CLASS MEMBERS IN A DERIVED CLASS 
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 A derived class can override a base class member function by supplying a new version of 

that function with the same signature . When that function is mentioned by name in the derived 

class, the derived class version is automatically selected. The scope resolution operator may be 

used to access the base class version from the derived class.  

Eg: 
#include <iostream> 
  
 class BaseClass 
 { 
 public: 
     // constructors 
     BaseClass() { std::cout << "BaseClass constructor...\n"; } 
     ~BaseClass() { std::cout << "BaseClass destructor...\n"; } 
  
     //Other methods 
     void Talk()const { std::cout << "BaseClass sound!\n"; } 
     void Sleep()const { std::cout << "I'm sleeping.\n"; } 
  
 protected: 
     int itsAge; 
     int itsWeight; 
 }; 
  
 class DerivedClass : public BaseClass 
 { 
 public: 
     // Constructors 
     DerivedClass(){ std::cout << "DerivedClass constructor...\n"; } 
     ~DerivedClass(){ std::cout << "DerivedClass destructor...\n"; } 
  
     // Other methods 
     void Walk() { std::cout << "walk...\n"; } 
     void Eat() { std::cout << "eat...\n"; } 
     void Talk()const { std::cout << "talk!\n"; } 
  
 }; 
  
 int main() 
 { 
     BaseClass baseObject; 
     DerivedClass derivedObject; 
     baseObject.Talk(); 
     derivedObject.Talk(); 
     return 0; 
 } 
 
Output : 
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BaseClass constructor... 

BaseClass constructor... 

DerivedClass constructor... 

BaseClass sound! 

talk! 

DerivedClass destructor... 

BaseClass destructor... 

BaseClass destructor... 

 

 

35. TEXT BOOKS : 

4. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

36. APPLICATIONS : 

 Real time applications 

 

SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 

Department of Information Technology 

 

Class II Year -ECE(03 Semester) 

Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for Overriding, public, protected and private inheritance 

Time: 50 Minutes 

Lesson. No Unit 2– Lesson No. 05/ 12 

 

37. CONTENT LIST: 

, public, private and protected inheritance. 

 

38. SKILLS ADDRESSED: 

  Learning 

Understanding 

Remembering 

 

39.  OBJECTIVE OF THIS LESSON PLAN: 
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i. To enable students to write programs on overriding 

ii. To facilitate students to understand public, private and protected inheritance. 

 

40. OUTCOMES: 

i. Write a program on overriding 

ii. Explain public, private and protected inheritance 

 

41. LINK SHEET: 

iii. Explain overriding base class members in a derived class with a sample program. 

iv. What is public inheritance? 

v. What is protected inheritance ? 

vi. What is private inheritance ? 

 

42. EVOCATION: (10 Minutes) 

  

 

   

 

 

43.  LECTURE NOTES: (40 Minutes) 

 PUBLIC, PROTECTED AND PRIVATE INHERITANCE : 

  

 When deriving a  class from a base class, the base class may be inherited as public, 

protected or private.  

 When deriving a class from public base class, public members of the base class become 

public members of the derived class and protected members of the base class become protected 

members of the derived class. A base class’s private members are never directly accessible from 

a derived class, but can be accessed through calls to the public and protected members of the 

base class. 
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 When deriving from a protected base class, public and protected members of the base 

class become protected members of the derived class. 

 

 

 

 

 

Base class member 

access specifier 

Public inheritance Protected 

inheritance 

Private inheritance 

Public Public in derived 

class.  

Can be accessed 

directly by any non-

static member 

functions, friend 

functions and non-

member functions. 

 

Protected  in derived 

class. 

Can be accessed 

directly by all non-

static member 

functions and friend 

functions. 

Private  in derived 

class. 

Can be accessed 

directly by all non-

static member 

functions and friend 

functions 

Protected Protected  in derived 

class. 

Can be accessed 

directly by all non-

static member 

functions and friend 

functions. 

Protected  in derived 

class. 

Can be accessed 

directly by all non-

static member 

functions and friend 

functions. 

Private  in derived 

class. 

Can be accessed 

directly by all non-

static member 

functions and friend 

functions. 

Private Hidden in derived 

class. 

Can be accessed by 

non-static member 

functions and friend 

functions through 

public or protected 

member functions of 

the base class. 

Hidden in derived 

class. 

Can be accessed by 

non-static member 

functions and friend 

functions through 

public or protected 

member functions of 

the base class. 

Hidden in derived 

class. 

Can be accessed by 

non-static member 

functions and friend 

functions through 

public or protected 

member functions of 

the base class. 

 

44. TEXT BOOKS : 

5. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

45. APPLICATIONS : 

 Object oriented databases. 
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SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 

Department of Information Technology 

 

Class II Year -ECE(03 Semester) 

Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for Constructor and destructor in derived classes 

Time: 50 Minutes 

Lesson. No Unit 2– Lesson No. 06/ 12 

 

46. CONTENT LIST: 

Constructor and destructors in derived classes. 

 

47. SKILLS ADDRESSED: 

  Learning 

Understanding 

Analysis 

 

48.  OBJECTIVE OF THIS LESSON PLAN: 

iii. To facilitate students to understand constructors and destructors in derived 

classes. 

iv. To enable students to use constructors and destructors in their programming. 

 

49. OUTCOMES: 

iii. Explain constructors 

iv. Explain destructors with example.  

 

50. LINK SHEET: 

vii. What is a constructor ?. 

viii. What is a destructor? 

ix. Illustrate using constructors and destructors in derived classes. 

 

51. EVOCATION: (10 Minutes) 
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52.  LECTURE NOTES: (40 Minutes) 

 CONSTRUCTORS AND DESTRUCTORS IN DERIVED CLASSES : 

 Because a derived class inherits its base class members, when an object of a derived class 

is instantiated, the base class’s constructor must be called to initialize the base class members of 

the derived class object.  

Instantiating a derived-class object begins a chain of constructor calls in which the derived-class 

constructor, before performing its own tasks, invokes its direct base class’s constructor either 

explicitly (via a base-class member initializer) or implicitly (calling the base class’s default 

constructor). Similarly, if the base class is derived from another class, the base-class constructor 

is required to invoke the constructor of the next class up in the hierarchy, and so on. The last 

constructor called in this chain is the one of the class at the base of the hierarchy, whose body 

actually finishes executing first. The original derived-class constructor’s body finishes executing 

last. Each base-class constructor initializes the base-class data members that the derived-class 

object inherits.  

When a derived-class object is destroyed, the program calls that object’s destructor. 

This begins a chain (or cascade) of destructor calls in which the derived-class destructor 

and the destructors of the direct and indirect base classes and the classes’ members execute 

in reverse of the order in which the constructors executed. When a derived-class object’s 

destructor is called, the destructor performs its task, then invokes the destructor of the next 

base class up the hierarchy. This process repeats until the destructor of the final base class 

at the top of the hierarchy is called. Then the object is removed from memory. 

 Base-class constructors, destructors and overloaded assignment operators  

are not inherited by derived classes. Derived-class constructors, destructors and overloaded 

assignment operators, however, can call base-class versions . 

 

 

53. TEXT BOOKS : 

6. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

54. APPLICATIONS : 

 Real time applications 
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SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 

Department of Information Technology 

 

Class II Year -ECE(03 Semester) 

Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for  implicit base class to derived class conversion 

Time: 50 Minutes 

Lesson. No Unit 2– Lesson No. 08/ 12 

 

55. CONTENT LIST: 

Implicit derived- class object to base- Class object conversion 

 

56. SKILLS ADDRESSED: 

  Learning 

Understanding 

Remembering 

 

57.  OBJECTIVE OF THIS LESSON PLAN: 

i. To facilitate students to understand about Implicit derived- class object to base- Class 

object conversion. 

 

58. OUTCOMES: 

i. Explain  Implicit derived- class object to base- Class object conversion 

 

59. LINK SHEET: 

i. Explain the 4 possible ways to mix and match base-class pointers and derived-class 

pointers with base-class objects and derived-class objects 

 

60. EVOCATION: (10 Minutes) 
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61.  LECTURE NOTES: (40 Minutes) 

 IMPLICIT DERIVED-CLASS OBJECT TO BASE-CLASS OBJECT CONVERSION : 

 Despite the fact that a derived class object also “is a “ base-class object, the derived-class 

type and the base-class type are different. Under public inheritance, derived-class objects are 

treated as base-class objects. Assignment in the other direction is not allowed because assigning 

a base-class object to a derived-class object would leave the additional derived-class members 

undefined.  

 With public inheritance, a pointer to a derived class object may be implicitly converted 

into a pointer to a base class object, because a derived-class object is a base-class object. 

 

There are 4 possible ways to mix and match base-class pointers and derived-class pointers with 

base-class objects and derived-class objects: 

1. Referring to a base-class object with a base-class pointer is straightforward. 

2. Referring to a derived-class object with a derived-class pointer is straightforward. 

3. Referring to a derived-class object with a base-class pointer is safe because the derived 

class object is an object of its base class as well. Such code can only refer to base-class 

members. If this code refers to derived-class-only members through the base-class 

pointer, the compiler will report a syntax error. 

Referring to base-class object with a derived-class pointer is a syntax error. The derived-class 

pointer must first be cast to a base-class 

 

62. TEXT BOOKS : 

7. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

63. APPLICATIONS : 

 Real time applications 
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SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 

Department of Information Technology 

 

Class II Year -ECE(03 Semester) 

Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for  this pointer 

Time: 50 Minutes 

Lesson. No Unit 2– Lesson No. 08/ 15 

 

64. CONTENT LIST: 

This pointer 

 

65. SKILLS ADDRESSED: 

  Learning 

Understanding 

Implementing 

 

66.  OBJECTIVE OF THIS LESSON PLAN: 

ii. To facilitate students to understand about this pointer. 

 

67. OUTCOMES: 

ii. Explain  this pointer 

68. LINK SHEET: 

ii. What is a pointer ? 

iii. Explain this pointer with an example . 
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69. EVOCATION: (10 Minutes) 

 

 

 

70.  LECTURE NOTES: (40 Minutes) 

 The ‘this’ pointer is passed as a hidden argument to all nonstatic member function calls and is 

available as a local variable within the body of all nonstatic functions. ‘this’ pointer is a constant 

pointer that holds the memory address of the current object. ‘this’ pointer is not available in 

static member functions as static member functions can be called without any object (with class 

name). 

For a class X, the type of this pointer is ‘X* const’. Also, if a member function of X is declared 

as const, then the type of this pointer is ‘const X *const’ (see this GFact) 

Following are the situations where ‘this’ pointer is used: 

1) When local variable’s name is same as member’s name 

#include<iostream> 

using namespace std; 

 

/* local variable is same as a member's name */ 

class Test 

{ 

private: 

   int x; 

public: 

   void setX (int x) 

   { 

       // The 'this' pointer is used to retrieve the object's x 

       // hidden by the local variable 'x' 

       this->x = x; 
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   } 

   void print() { cout << "x = " << x << endl; } 

}; 

 

int main() 

{ 

   Test obj; 

   int x = 20; 

   obj.setX(x); 

   obj.print(); 

   return 0; 

} 

Output: 

 x = 20 

For constructors, initializer list can also be used when parameter name is same as member’s 

name. 

 

 

2) To return reference to the calling object 

/* Reference to the calling object can be returned */  

Test& Test::func () 

{ 

   // Some processing 

   return *this; 

}  

When a reference to a local object is returned, the returned reference can be used to chain 

function calls on a single object. 

#include<iostream> 

using namespace std; 

 

class Test 

{ 

private: 

  int x; 

  int y; 

public: 

  Test(int x = 0, int y = 0) { this->x = x; this->y = y; } 

  Test &setX(int a) { x = a; return *this; } 
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  Test &setY(int b) { y = b; return *this; } 

  void print() { cout << "x = " << x << " y = " << y << endl; } 

}; 

 

int main() 

{ 

  Test obj1(5, 5); 

 

  // Chained function calls.  All calls modify the same object 

  // as the same object is returned by reference 

  obj1.setX(10).setY(20); 

 

  obj1.print(); 

  return 0; 

} 

Output: 

x = 10 y = 20 

 

71. TEXT BOOKS : 

8. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

72. APPLICATIONS : 

 Decision support and office automation 
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Lesson Plan for  composition vs inheritance , virtual functions 

Time: 50 Minutes 

Lesson. No Unit 2– Lesson No. 09/ 11 

 

73. CONTENT LIST: 

Composition vs inheritance , Virtual functions 
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74. SKILLS ADDRESSED: 

  Learning 

Understanding 

Implementing 

 

75.  OBJECTIVE OF THIS LESSON PLAN: 

iii. To facilitate students to understand about virtual functions. 

iv. To enable students to differentiate between composition and inheritance 

 

76. OUTCOMES: 

iii. Compare Composition vs inheritance 

iv. Explain virtual functions 

 

77. LINK SHEET: 

iv. What is virtual function ? 

v. Give an example for virtual function.  

vi. Compare composition vs inheritance . 

 

 

 

 

78. EVOCATION: (10 Minutes) 

 

 

 

79.  LECTURE NOTES: (40 Minutes) 
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 COMPOSITION VS INHERITANCE : 

 Is a relationships are supported by public inheritance. In has a relationship, a class may 

have other classes as members. Such relationships  create new classes by composition of 

existing classes. 

 Eg:  Given the classes Employee, BirthDate and TelephoneNumber, it is improper to say 

that an Employee is a BirthDate or that an Employee is a TelephoneNumber. B ut it is 

certainly appropriate to say that an Employee has a BirthDate and thet an Employee has a 

TelephoneNumber. 

 

VIRTUAL FUNCTIONS: 

 Suppose a set of shape classes such as circle, triangle, rectangle, square,.. are all derived 

from the base class shape. Although, each classes has its own draw functions, the draw 

function for each shape is quiet different. When drawing a shape, whatever that shape may be 

, it would be nice to be able to treat all these shapes generically as objects of the base class 

shape. Then to draw any shape, we could simply call function draw of base class shape and 

let the program determine dynamically which derived class draw function to use. 

 To enable this kind of behavior, we declare draw in the base class as a virtual function 

and override draw in each of the derived classes to draw appropriate shape. 

A virtual function is declared by preceding the function’s prototype with the keyword virtual 

in the base class. 

Eg:  virtual void draw() const; 

The preceeding prototype declares that function draw is a constant function that takes no 

arguments, returns nothing and is a virtual function. 

 If function draw in the base class has been declared virtual,  and if we then use a base-

class pointer or reference to point to the derived-class object and invoke the draw  function using 

this pointer or reference, the program will choose the correct derived class’s draw function 

dynamically based on the object type-not the pointer or reference type. 

  When a virtual function is called by referencing a specific object by name and using the dot 

member selection operator , the reference is resolved at compile time(static binding) and the 

virtual function that is called is the one defined for the class of that particular object 

 

80. TEXT BOOKS : 

9. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

81. APPLICATIONS : 

 Real time applications 
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Subject Code  EC 6301 

Subject Object Oriented Programming and Data Structures 

Prepared By V.Aruna 

Lesson Plan for  Abstract base classes, concrete classes , virtual destructors 

Time: 50 Minutes 

Lesson. No Unit 2– Lesson No. 11/ 12 

 

82. CONTENT LIST: 

Abstract base classes and concrete classes 

Virtual destructors. 

 

83. SKILLS ADDRESSED: 

  Learning 

Understanding 

Implementing  

 

84.  OBJECTIVE OF THIS LESSON PLAN: 

v. To facilitate students to understand about abstract base classes and concrete classes. 

vi. To enable students understand about virtual destructors. 

 

 

85. OUTCOMES: 

v. Explain abstract base classes and concrete classes 

vi. Explain virtual destructors. 

 

86. LINK SHEET: 

vii. What is an abstract base class? 

viii. What is a concrete class ? 

ix. Explain virtual destructors. 
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87. EVOCATION (10 minutes) 

   

 

 

 

88.  LECTURE NOTES: (40 Minutes) 

 

 ABSTRACT BASE CLASSES AND CONCRETE CLASSES : 

 The classes for which the programmer never intends to instantiate any objects. Such 

classes are called abstract classes. 

 Classes from which objects can be instantiated are called concrete classes. 

Eg: 

There could be an abstract class Twodimensionalshape and derive concrete classes such as 

square, circle, triangle,… 

Abstract classes are too generic to define real objects and concrete classes need to be more 

specific. 

A class is made abstract by declaring one or more of its virtual functions to be pure. A pure 

virtual function is one with an initializer o f=0 in its declaration as in 

  Virtual double earnings() const = 0; 

A hierarchy does not need to contain any abstract classes. The hierarchy could be headed by 

abstract base classes, namely TwoDimensionalShape and ThreeDimensionalShape. The next 

level down would start defining  concrete classes for two-dimensional shapes such as circles and 

squares and concrete classes for three-dimensional shapes such as spheres and cubes. 

 

VIRTUAL DESTRUCTORS : 
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  If an object is destroyed explicitly by applying the delete operator to a base-class 

pointer to the object, the base-class destructor function is called on the object. This occurs 

regardless of the object to which the base-class pointer is pointing and regardless of the fact that 

each class’s destructor has a different name. 

  The solution to this problem is , declare a virtual base-class destructor. This makes all 

derived-class destructors virtual even though they do not have the same name as the base-class 

destructor. Now if an object in the hierarchy is destroyed explicitly by applying the delete 

operator to a base-class pointer to a derived-class object, the destructor for the appropriate class 

is called . When a derived-class object is destroyed, the base-class part of the derived-class 

object is also destroyed, the base-class destructor automatically executes after the derived-class 

destructor. 

 

89. TEXT BOOKS : 

10. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

90. APPLICATIONS : 

 Real time applications 
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Lesson Plan for  Dynamic binding  

Time: 50 Minutes 

Lesson. No Unit 2– Lesson No. 11/ 12 

 

91. CONTENT LIST: 

Dynamic binding 

 

92. SKILLS ADDRESSED: 

  Learning 

Understanding 

Implementing  

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



 

93.  OBJECTIVE OF THIS LESSON PLAN: 

vii. To facilitate students to understand about dynamic binding. 

 

94. OUTCOMES: 

vii. Explain dynamic binding 

 

95. LINK SHEET: 

x. What is dynamic binding? 

xi. Illustrate dynamic binding with an example. 

 

 

 

 

 

 

 

96. EVOCATION (10 minutes) 

  

 

 

 

97.  LECTURE NOTES: (40 Minutes) 

  

DYNAMIC BINDING[Late Binding] : 

 The code associated with the given procedure call is known until the time of call at run time. 

 An object’s type need not be known at compile time for a virtual function call to be 

compiled. New classes are accommodated by dynamic binding. At run time, the virtual function 

call is matched with the appropriate member function of the called object. 
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 Dynamic binding enables independent software vendors(ISVs) to distribute software 

without revealing proprietary secrets. Software distributions can consist of only header file and 

object files. Software developers can then use inheritance to derive new classes from those 

provided by the ISVs.  

 

#include <iostream.h> 

int Square(int x) 

   { return x*x; } 

int Cube(int x) 

   { return x*x*x; } 

int main() 

   { 

      int x =10; 

      int choice; 

      do 

        { 

          cout << "Enter 0 for square value, 1 for cube value: "; 

          cin >> choice; 

         } while (choice < 0 || choice > 1); 

  

int (*ptr) (int); 

switch (choice) 

   { 

      case 0: ptr = Square; break; 

      case 1: ptr = Cube; break; 

    } 

cout << "The result is: " << ptr(x) << endl; 

return 0; 

} 

 

Result: 
 

    Enter 0 for square value, 1 for cube value:0 

    The result is:100 

 

 

98. TEXT BOOKS : 

11. Deitel and Deitel, “C++, How to Program”, Fifth Edition, Pearson Education, 

2005. 

 

99. APPLICATIONS : 

 Real time applications 
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Sri Vidya  
College of Engineering and Technology 

Department of Information Technology  
Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for LINEAR DATA STRUCTURES 

Time: 45 Minutes 

Lesson. No Unit No.: 3   Lesson no. :   1/ 9 

 

 

1. Topics to be covered:  LINEAR DATA STRUCTURES 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 
1. To give  the introduction of linear data structures  

2. To understand the importance of linear data structures 

4. Outcome (s): 

Understand the concept of the linear data structures 

 

5. Link Sheet: 

What are the types available in data structures? 

Define abstract. 

Define structure. Give an example. 
Define data structures. 
 

 
6. Evocation: (5 Minutes)  
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  
1. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, Addison-

Wesley, 2007. 

2. Goodrich, Michael T., Roberto Tamassia, David Mount, “Data Structures and Algorithms 

in C++”, 7th Edition, Wiley. 2004.  

3. Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest and Clifford Stein, 

"Introduction to Algorithms", Second Edition, Mc Graw Hill, 2002.  

4. Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007.  

5. http://basicdatastructures.blogspot.in/2007/12/classification-of-data-structures.html 

 
9. Application 

 

To identify the difference between non linear and liner structures. 
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Lecture notes 

Data structures can be classified as 
 

· Simple data structure 

 

· Compound data structure 

 

· Linear data structure 

 

· Non linear data structure 

 

Simple Data Structure: 
 

Simple data structure can be constructed with the help of primitive data structure. A primitive 

data structure used to represent the standard data types of any one of the computer languages. 

Variables, arrays, pointers, structures, unions, etc. are examples of primitive data structures. 

 

Compound Data structure: 
 

Compound data structure can be constructed with the help of any one of the primitive data 

structure and it is having a specific functionality. It can be designed by user. It can be classified 

as 

 

1) Linear data structure 

 

2) Non-linear data structure 

 

Linear data structure : 

 

Collection of nodes which are logically adjacent in which logical adjacency is maintained by 

pointers 

(or) 

 

Linear data structures can be constructed as a continuous arrangement of data elements in 

the memory. It can be constructed by using array data type. In the linear Data Structures the 

relation ship of adjacency is maintained between the Data elements. 

 

Operations applied on linear data structure : 

 

The following list of operations applied on linear data structures 

 

1. Add an element 

 

2. Delete an element 

 

3. Traverse 

 

4. Sort the list of elements 
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5. Search for a data element 

 

By applying one or more functionalities to create different types of data structures 

 

For example Stack, Queue, Tables, List, and Linked Lists. 

 

Non-linear data structure: 

 

Non-linear data structure can be constructed as a collection of randomly distributed set of 

data item joined together by using a special pointer (tag). In non-linear Data structure the 

relationship of adjacency is not maintained between the Data items. 

 

Operations applied on non-linear data structures : 

 

The following list of operations applied on non-linear data structures. 

 

1. Add elements 

 

2. Delete elements 

 

3. Display the elements 

 

4. Sort the list of elements 

 

5. Search for a data element 

 

By applying one or more functionalities and different ways of joining randomly distributed 

data items to create different types of data structures. For example Tree, Decision tree, 

Graph and Forest 

  

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



EC6301 – OOPS &DS  - Course Material 
 

M.Anand, AP/IT, SVCET Page 5 

 

Sri Vidya  
College of Engineering and Technology 

Department of Information Technology  
Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for Abstract Data Types (ADTs) – List ADT 

Time: 45 Minutes 

Lesson. No Unit No.: 3   Lesson no. :   2/ 9 

 

 

1. Topics to be covered:  Abstract Data Types (ADTs) – List ADT 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of abstract data types and list ADT. 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 
1. Explain the concept of Abstract Data Types (ADT) 

 

5. Link Sheet: 

1. Define data structures. 

2. List out various forms of data structures. 

3. List the properties of linear data structures.  

 
6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  
6. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, Addison-

Wesley, 2007. 

7. Goodrich, Michael T., Roberto Tamassia, David Mount, “Data Structures and Algorithms 

in C++”, 7th Edition, Wiley. 2004.  

8. Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest and Clifford Stein, 

"Introduction to Algorithms", Second Edition, Mc Graw Hill, 2002.  

9. Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007.  

 

9. Application 

To get the knowledge of Abstract Data Type   
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Lecture notes 

Abstract data types 

You are now a master C programmer. You know most of the essential features of C. So, given a 

problem, you plan to jump to write the code. Yes, I see that you have mentally written 

the #include line. 

Please wait. Solving a problem is a completely different game. Writing the final code is only a 

tiny part of it. I admit that even when all the algorithms are fully specified, writing a good 

program is not always a joke, in particular, when the program is pretty huge and involves 

cooperation of many programmers. Think of the Linux operating system which was developed 

by thousands of free-lance programmers all over the globe. The system works pretty 

harmoniously and reportedly with much less bugs than software from commercial giants like 

Microsoft. 

First notice that your code may be understood and augmented by third parties in your absence. 

Even if you flood your code with documentation, its readability is not ensured. An important 

thing you require is a design document. That is not at the programming level, but at a more 

abstract level. 

Data abstraction is the first step. A problem is a problem of its own nature. It deals with input 

and output in specified formats not related to any computer program. For example, a weather 

forecast system reads gigantic databases and outputs some prediction. Where is C coming in the 

picture in this behavioral description? One can use any other computer language, perhaps 

assembly languages, or even hand calculations, to arrive at the solution. 

Assume that you are taught the natural language English pretty well. You are also given a plot. 

Your problem is to write an attractive detective story in English. Is it a trivial matter? I think it is 

not quite so, at least for most of us. You have to carefully plan about your characters, the 

location, the sequence, the suspense, and what not. Each such planning step involves many 

things that have nothing to do with English. The murderer is to be modeled as a human being, an 

abstract data, together with a set of behaviors, a set of abstract procedures. There is no English 

till this point. A language is necessary only when you want to give a specific concrete form to 

these abstract things. 

Still, you cannot perhaps be a Conan Doyle or Christie, neither in plot design nor in expressions. 

Well, they are geniuses. However, if you plan carefully and master English reasonably well to 

arrive at a decent and sleek production, who knows, you may be the script-writer for the next 

Bollywood blockbuster? 

What is an abstract data type? 

An abstract data type (ADT) is an object with a generic description independent of 

implementation details. This description includes a specification of the components from which 

the object is made and also the behavioral details of the object. Instances of abstract objects 

include mathematical objects (like numbers, polynomials, integrals, vectors), physical objects 
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(like pulleys, floating bodies, missiles), animate objects (dogs, Pterodactyls, Indians) and objects 

(like poverty, honesty, inflation) that are abstract even in the natural language sense. You do not 

see C in Pterodactyls. Only when you want to simulate a flying Pterodactyl, you would think of 

using a graphics package in tandem with a computer language. Similarly, inflation is an abstract 

concept. When you want to model it and want to predict it for the next 10 years, you would think 

of writing an extrapolation program in C. 

Specifying only the components of an object does not suffice. Depending on the problem you are 

going to solve, you should also identify the properties and behaviors of the object and perhaps 

additionally the pattern of interaction of the object with other objects of same and/or different 

types. Thus in order to define an ADT we need to specify: 

 The components of an object of the ADT. 

 A set of procedures that provide the behavioral description of objects belonging to the 

ADT. 

There may be thousands of ways in which a given ADT can be implemented, even when the 

coding language remains constant. Any such implementation must comply with the content-wise 

and behavioral description of the ADT. 

Examples 

 Integers: An integer is an abstract data type having the standard mathematical meaning. 

In order that integers may be useful, we also need to specify operations (arithmetic 

operations, gcd, square root etc.) and relations (ordering, congruence etc.) on integers. 

 Real numbers: There are mathematically rigorous ways of defining real numbers 

(Dedekind cuts, completion of rational numbers, etc). To avoid these mathematical 

details, let us plan to represent real numbers by decimal expansions (not necessarily 

terminating). Real numbers satisfy standard arithmetic and other operations and the usual 

ordering. 

 Complex numbers: A complex number may be mathematically treated as an ordered 

pair of real numbers. An understanding of real numbers is then sufficient to represent 

complex numbers. However, the complex arithmetic is markedly different from the real 

arithmetic. 

 Polynomials with real (or complex or integer or rational) coefficients with the standard 

arithmetic. 

 Matrices with real (or complex or integer or rational) entries with the standard matrix 

arithmetic (which may include dimension, rank, nullity, etc). 

 Sets are unordered collections of elements. We may restrict our study to sets of real (or 

complex) numbers and talk about union, intersection, complement and other standard 

operations on sets. 

 A multiset is an unordered collection of elements (say, numbers), where each element is 

allowed to have multiple occurrences. For example, an aquarium is a multiset of fish 

types. One can add or delete fishes to or from an aquarium. 

 A book is an ADT with attributes like name, author(s), ISBN, number of pages, subject, 

etc. You may think of relations like comparison of difficulty levels of two books. 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



EC6301 – OOPS &DS  - Course Material 
 

M.Anand, AP/IT, SVCET Page 9 

How to implement an abstract data type? 

It is now and only now when you think about writing C codes. Carefully investigate the 

specification of the ADT and possible target applications where this ADT is going to be used. 

Plan for suitable C constructs to provide the appropriate functionality with good performance. 

Try to exploit your experience with C. But fully understand what you are going to implement, 

the limitations, the expected performance figures, the ease of code maintenance, and a lot of 

related issues. After all, you have to market your product. 

Examples 

 Integers: Oh, my! C provides so many integer variables and still I have to write my 

integers. Yep! You may have to. For most common-place applications C's built-in integer 

data types are sufficient. But not always. Suppose my target application is designing a 

cryptosystem, where one deals with very big integers, like those of bit-sizes one to 

several thousand bits. Our C's maximum integer length is 64 bits. That is grossly 

inadequate to address the cryptosystem designer's problem. ANSI standards dictate use of 

integers of length at most 32 bits, which are even poorer for cryptography, but at the 

minimum portable across platforms. At any rate, you need your customized integer data 

types. 

A common strategy is to break big integers into pieces and store each piece in a built-in 

data type. To an inexperienced user breaking with respect to the decimal representation 

seems easy and intuitive. But computer's world is binary. So breaking with respect to the 

binary representation is much more efficient in terms of space and running time. So we 

plan to use an array of unsigned long variables to store the bits of a big integer. Each 

such variable is a 32-bit word and is capable of storing 32 bits of a big integer. Therefore, 

if we plan to work with integers of size no larger than 10,000 bits, we require an array of 

size no more than 313 unsigned long variables. The zeroth location of the array holds 

the least significant 32 bits of a big integer, the first location the next 32 bits, and so on. 

Since all integers are not necessarily of size 10,000 bits, it is also necessary to store the 

actual word-size of a big integer. Finally, if we also plan to allow negative integers, we 

should also reserve a location for storing the sign information. So here is a possible 

implementation of the big integer data type. 

   typedef struct { 

      unsigned long words[313]; 

      unsigned int wordSize; 

      unsigned char sign; 

   } bigint; 

This sounds okay, but has an efficiency problem. When you pass a bigint data to a 

function, the entire words array is copied element-by-element. That leads to unreasonable 

overheads during parameter passing. We can instead use an array of 315 unsigned 

long variables and use its 313-th and 314-th locations to store the size and sign 

information. The first 313 locations (at indexes 0 through 312) represent the magnitude of 

the integer as before. 
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   #define SIZEIDX 313 

   #define SIGNIDX 314 

   typedef unsigned long goodbigint[315]; 

Now goodbigint is a simple array and so passing it to a function means only a pointer is 

passed. Quite efficient, right? 

These big integers are big enough for cryptographic applications, but cannot represent 

integers bigger than big, for example, integers of bit-size millions to billions. Whenever 

we use static arrays, we have to put an upper limit on the size. If we have to deal with 

integers of arbitrary sizes (as long as memory permits), we have no option other than 

using dynamic memory and allocate the exact amount of memory needed to store a very 

big integer. But then since the maximum index of the dynamic array is not fixed, we have 

to store the size and sign information at the beginning of the array. Thus the magnitude of 

the very big integer is stored starting from the second array index. This leads to 

somewhat clumsy translation between word indices and array indices. 

   #define SIZEIDX 0 

   #define SIGNIDX 1 

   typedef unsigned long *verybigint; 

A better strategy is to use a structure with a dynamic words pointer. 

   typedef struct { 

      unsigned long *words; 

      unsigned int size; 

      unsigned char sign; 

   } goodverybigint; 

So you have to pay a hell lot of attention, when implementation issues come. Good 

solutions come from experience and innovativeness. 

Being able to define integers for a variety of applications is not enough. We need to do 

arithmetic (add, subtract, multiply etc.) on these integers. It is beyond the scope of this 

elementary course to go into the details of these arithmetic routines. It suffices here only 

to highlight the difference between abstract specifications and application-specific 

implementations. Both are important. 

 Real numbers: Again C provides built-in implementations of real 

numbers: float, double and long double. If one has to use floating point numbers of 

higher precision, one has to go for private floating point data types and write arithmetic 

routines for these new data types. These are again topics too advanced for this course. 

 Complex numbers: If we are happy with real numbers of double precision, the most 

natural way to define a complex number is the following: 

    typedef struct { 

       double real; 

       double imag; 

    } complex; 
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Let us also illustrate the implementation of some arithmetic routines on complex 

numbers: 

   complex cadd ( complex z1 , complex z2 ) 

   { 

      complex z; 

      z.real = z1.real + z2.real; 

      z.imag = z1.imag + z2.imag; 

      return z; 

   } 

 

   complex cmul ( complex z1 , comple z2 ) 

   { 

      complex z; 

      z.real = z1.real * z2.real - z1.imag * z2.imag; 

      z.imag = z1.real * z2.imag + z1.imag * z2.real; 

      return z; 

   } 

 

   complex conj ( complex z1 ) 

   { 

      complex z; 

      z.real = z1.real; 

      z.imag = -z1.imag; 

      return z; 

   } 

 

   void cprn ( complex z ) 

   { 

      printf("(%lf) + i(%lf)", z.real, z.imag); 

   } 

 Matrices: Suppose we want to work with matrices having complex entries and suppose 

that the complex ADT has been defined as above. We may define matrices of bounded 

sizes as: 

    #define MAXROW 10 

    #define MAXCOL 15 

    typedef struct { 

       int rowdim; 

       int coldim; 

       complex entry[MAXROW][MAXCOL]; 

    } matrix; 

Let us now implement some basic arithmetic operations on these matrices. 

   matrix msetid ( int n ) 

   { 

      matrix C; 
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      int i, j; 

 

      if ((n > MAXROW) || (n > MAXCOL)) { 

         fprintf(stderr, "msetid: Matrix too big\n"); 

         C.rowdim = C.coldim = 0; 

         return C; 

      } 

      C.rowdim = C.coldim = n; 

      for (i = 0; i < C.rowdim; ++i) { 

         for (j = 0; j < C.coldim; ++j) { 

            A.entry[i][j].real = (i == j) ? 1 : 0; 

            A.entry[i][j].imag = 0; 

         } 

      } 

      return C; 

   } 

 

   matrix madd ( matrix A , matrix B ) 

   { 

      matrix C; 

      int i, j; 

 

      if ((A.rowdim != B.rowdim) || (A.coldim != B.coldim)) { 

         fprintf(stderr, "madd: Matrices of incompatible dimensions\n"); 

         C.rowdim = C.coldim = 0; 

         return C; 

      } 

 

      C.rowdim = A.rowdim; 

      C.coldim = A.coldim; 

      for (i = 0; i < C.rowdim; ++i) 

         for (j = 0; j < C.coldim; ++j) 

            C.entry[i][j] = cadd(A.entry[i][j],B.entry[i][j]); 

      return C; 

   } 

 

   matrix mmul ( matrix A , matrix B ) 

   { 

      matrix C; 

      int i, j, k; 

      complex z; 

 

      if (A.coldim != B.rowdim) { 

         fprintf(stderr, "mmul: Matrices of incompatible dimensions\n"); 

         C.rowdim = C.coldim = 0; 

         return C; 

      } 

      C.rowdim = A.rowdim; 
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      C.coldim = B.coldim; 

      for (i = 0; i < A.rowdim; ++i) { 

         for (j = 0; j < B.coldim; ++j) { 

            C.entry[i][j].real = 0; 

            C.entry[i][j].imag = 0; 

            for (k = 0; k < A.coldim; ++k) { 

               z = cmul(A.entry[i][k], B.entry[k][j]); 

               C.entry[i][j] = cadd(C.entry[i][j],z); 

            } 

         } 

      } 

      return C; 

   } 
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1. Topics to be covered:   List ADT 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of list ADT. 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 
2. Explain the concept of Abstract Data Types (ADT) 

 

5. Link Sheet: 

4. Define data structures. 

5. List out various forms of data structures. 

6. List the properties of linear data structures.  

 
6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  
10. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, Addison-

Wesley, 2007. 

11. Goodrich, Michael T., Roberto Tamassia, David Mount, “Data Structures and Algorithms 

in C++”, 7th Edition, Wiley. 2004.  

12. Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest and Clifford Stein, 

"Introduction to Algorithms", Second Edition, Mc Graw Hill, 2002.  

13. Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007.  

14. http://en.wikipedia.org/wiki/List_(abstract_data_type)  

 

9. Application 

To get the knowledge of Abstract Data Type   

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com

http://en.wikipedia.org/wiki/List_(abstract_data_type)


EC6301 – OOPS &DS  - Course Material 
 

M.Anand, AP/IT, SVCET Page 16 

Lecture notes 

List (abstract data type) 

In computer science, a list or sequence is an abstract data type that implements a finite ordered 

collection of values, where the same value may occur more than once. An instance of a list is a 

computer representation of the mathematical concept of a finite sequence; the (potentially) 

infinite analog of a list is a stream. Lists are a basic example ofcontainers, as they contain other 

values. Each instance of a value in the list is usually called an item, entry, or element of the list; 

if the same value occurs multiple times, each occurrence is considered a distinct item. Lists are 

distinguished from arrays in that lists only allow sequential access, while arrays allow random 

access. 

 

 

A singly linked list structure, implementing a list with 3 integer elements. 

The name list is also used for several concrete data structures that can be used to implement 

abstract lists, especially linked lists. 

The so-called static list structures allow only inspection and enumeration of the values. 

A mutable or dynamic list may allow items to be inserted, replaced, or deleted during the list's 

existence. 

Many programming languages provide support for list data types, and have special syntax and 

semantics for lists and list operations. A list can often be constructed by writing the items in 

sequence, separated by commas, semicolons, or spaces, within a pair of delimiters such 

as parentheses '()', brackets '[]', braces '{}', or angle brackets '<>'. Some languages may allow list 

types to be indexed or sliced like array types, in which case the data type is more accurately 

described as an array. In object-oriented programming languages, lists are usually provided 

as instances of subclasses of a generic "list" class, and traversed via separate iterators. List data 

types are often implemented using array data structures or linked lists of some sort, but 
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other data structures may be more appropriate for some applications. In some contexts, such as 

in Lisp programming, the term list may refer specifically to a linked list rather than an array. 

In type theory and functional programming, abstract lists are usually defined inductively by four 

operations: nil that yields the empty list, cons, which adds an item at the beginning of a 

list, head, that returns the first element of a list, and tail that returns a list minus its first element. 

Formally, Peano's natural numbers can be defined as abstract lists with elements of unit type. 

Operations 

Implementation of the list data structure may provide some of the following operations: 

 a constructor for creating an empty list; 

 an operation for testing whether or not a list is empty; 

 an operation for prepending an entity to a list 

 an operation for appending an entity to a list 

 an operation for determining the first component (or the "head") of a list 

 an operation for referring to the list consisting of all the components of a list except for its 

first (this is called the "tail" of the list.) 

Characteristics 

Lists have the following properties: 

 The size of lists. It indicates how many elements there are in the list. 

 Equality of lists: 

 In mathematics, sometimes equality of lists is defined simply in terms of object identity: 

two lists are equal if and only if they are the same object. 

 In modern programming languages, equality of lists is normally defined in terms 

of structural equality of the corresponding entries, except that if the lists are typed, then 

the list types may also be relevant. 

 Lists may be typed. This implies that the entries in a list must have types that are compatible 

with the list's type. It is common that lists are typed when they are implemented using arrays. 
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 Each element in the list has an index. The first element commonly has index 0 or 1 (or some 

other predefined integer). Subsequent elements have indices that are 1 higher than the 

previous element. The last element has index <initial index> + <size> − 1. 

 It is possible to retrieve the element at a particular index. 

 It is possible to traverse the list in the order of increasing index. 

 It is possible to change the element at a particular index to a different value, without 

affecting any other elements. 

 It is possible to insert an element at a particular index. The indices of higher elements at 

that are increased by 1. 

 It is possible to remove an element at a particular index. The indices of higher elements 

at that are decreased by 1. 

Implementations 

Lists are typically implemented either as linked lists (either singly or doubly linked) or as arrays, 

usually variable length or dynamic arrays. 

The standard way of implementing lists, originating with the programming language Lisp, is to 

have each element of the list contain both its value and a pointer indicating the location of the 

next element in the list. This results in either a linked list or a tree, depending on whether the list 

has nested sublists. Some older Lisp implementations (such as the Lisp implementation of 

the Symbolics 3600) also supported "compressed lists" (using CDR coding) which had a special 

internal representation (invisible to the user). Lists can be manipulated 

using iteration or recursion. The former is often preferred in imperative programming languages, 

while the latter is the norm in functional languages. 

Lists can be implemented as self-balancing binary search trees holding index-value pairs, 

providing equal-time access to any element (e.g. all residing in the fringe, and internal nodes 

storing the right-most child's index, used to guide the search), taking the time logarithmic in the 

list's size, but as long as it doesn't change much will provide the illusion ofrandom access and 

enable swap, prefix and append operations in logarithmic time as well. 
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Applications 

As the name implies, lists can be used to store a list of records. The items in a list can be sorted 

for the purpose of fast search (binary search). 

Because in computing, lists are easier to realize than sets, a finite set in mathematical sense can 

be realized as a list with additional restrictions, that is, duplicate elements are disallowed and 

such that order is irrelevant. If the list is sorted, it speeds up determining if a given item is 

already in the set but in order to ensure the order, it requires more time to add new entry to the 

list. In efficient implementations, however, sets are implemented using self-balancing binary 

search trees or hash tables, rather than a list. 
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1. Topics to be covered:  array-based implementation 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of array-based implementation 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 
3. Explain the concept of array-based implementation 

 

5. Link Sheet: 

1. Define data structures. 

2. Define array. 

3. Write syntax for array in C language. 

 
6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  
15. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, Addison-

Wesley, 2007. 

16. Goodrich, Michael T., Roberto Tamassia, David Mount, “Data Structures and Algorithms 

in C++”, 7th Edition, Wiley. 2004.  

17. Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest and Clifford Stein, 

"Introduction to Algorithms", Second Edition, Mc Graw Hill, 2002.  

18. Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007.  

19. https://www.cs.bu.edu/teaching/c/stack/array/ 

 
9. Application 

 

To implement the data structures concept by using array. 
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Lecture notes 

 

1. Implementing a stack with an array: 

Let's think about how to implement this stack in the C programming language. 

First, if we want to store letters, we can use type char. Next, since a stack 

usually holds a bunch of items with the same type (e.g., char), we can use an 

array to hold the contents of the stack. 

Now, consider how we'll use this array of characters, call it contents, to hold 

the contents of the stack. At some point we'll have to decide how big this array 

is; keep in mind that a normal array has a fixed size. 

Let's choose the array to be of size 4 for now. So, an array getting A, then B, 

will look like: 

----------------- 

| A | B |   |   | 

----------------- 

  0   1   2   3 

contents 

Is this array sufficient, or will we need to store more information concerning 

the stack? 

Answer: We need to keep track of the top of the stack since not all of the array 

holds stack elements. 

What type of thing will we use to keep track of the top of the stack? 

Answer: One choice is to use an integer, top, which will hold the array index 

of the element at the top of the stack. 

Example: 

Again suppose the stack has (A,B) in it already... 

stack (made up of 'contents' and 'top') 

-----------------   ----- 

| A | B |   |   |   | 1 | 

-----------------   ----- 

  0   1   2   3      top 

contents 
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Since B is at the top of the stack, the value top stores the index of B in the array 

(i.e., 1). 

Now, suppose we push something on the stack, Push(stack, 'C'), giving: 

stack (made up of 'contents' and 'top') 

-----------------   ----- 

| A | B | C |   |   | 2 | 

-----------------   ----- 

  0   1   2   3      top 

contents 

(Note that both the contents and top part have to change.) 

So, a sequence of pops produce the following effects: 

1. letter = Pop(stack) 
2. stack (made up of 'contents' and 'top') 
3. -----------------   -----    ----- 
4. | A | B |   |   |   | 1 |    | C | 
5. -----------------   -----    ----- 
6.   0   1   2   3      top     letter 
7. contents 

8. letter = Pop(stack) 
9. stack (made up of 'contents' and 'top') 
10. -----------------   -----    ----- 

11. | A |   |   |   |   | 0 |    | B | 

12. -----------------   -----    ----- 

13.   0   1   2   3      top     letter 

14. contents 

15. letter = Pop(stack) 
16. stack (made up of 'contents' and 'top') 

17. -----------------   -----    ----- 

18. |   |   |   |   |   | -1|    | A | 

19. -----------------   -----    ----- 

20.   0   1   2   3      top     letter 

21. contents 

so that you can see what value top should have when it is empty, i.e., -1. 

Let's use this implementation of the stack with contents and top fields. 

 

What happens if we apply the following set of operations? 

22. Push(stack, 'D') 

23. Push(stack, 'E') 

24. Push(stack, 'F') 

25. Push(stack, 'G') 
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giving: 

stack (made up of 'contents' and 'top') 

-----------------   ----- 

| D | E | F | G |   | 3 | 

-----------------   ----- 

  0   1   2   3      top 

contents 

and then try to add H with Push(stack, 'H')? 

Thus, what is the disadvantage of using an array to implement a stack? 

2. Dynamically-sized stack: 

Now, we will add one more choice to how we'll implement our stack. We want 

to be able to decide the maximum size of the stack at run-time (not compile-

time). 

Thus, we cannot use a regular array, but must use a pointer to a dynamically-

allocated array. 

Now, will we need to keep track of any more information besides 

the contents and top? 

Answer: Yes! We'll need to keep the size of this array, i.e., the maximum 

size of the stack. We'll see why this is necessary as we write the code. 
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Lesson. No Unit No.: 3   Lesson no. :   5/ 9 

 

 

1. Topics to be covered:  linked list implementation –– singly linked lists –Polynomial 

Manipulation 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of linked list implementation –– singly linked lists –Polynomial 

Manipulation 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 
4. Explain the concept of linked list implementation –– singly linked lists –Polynomial 

Manipulation 

 

5. Link Sheet: 

1. Define linked list  

2. List the applications of data structures. 

3. What is advantage of an ADT? 

 
6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  
20. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, Addison-

Wesley, 2007. 

21. Goodrich, Michael T., Roberto Tamassia, David Mount, “Data Structures and Algorithms 

in C++”, 7th Edition, Wiley. 2004.  

22. Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest and Clifford Stein, 

"Introduction to Algorithms", Second Edition, Mc Graw Hill, 2002.  

23. Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007.  

 

9. Application 

 

To implement the data structures concept by using array. 
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Lecture notes 

Linked List 

 

In computer science, a linked list is a data structure consisting of a group of nodes which 

together represent a sequence. Under the simplest form, each node is composed of a data and 

a reference (in other words, a link) to the next node in the sequence; more complex variants add 

additional links. This structure allows for efficient insertion or removal of elements from any 

position in the sequence. 

 

 
A linked list whose nodes contain two fields: an integer value and a link to the next node. The 

last node is linked to a terminator used to signify the end of the list. 

 

Linked lists are among the simplest and most common data structures. They can be used to 

implement several other common abstract data types, including lists (the abstract data 

type), stacks, queues, associative arrays, and S-expressions, though it is not uncommon to 

implement the other data structures directly without using a list as the basis of implementation. 

The principal benefit of a linked list over a conventional array is that the list elements can easily 

be inserted or removed without reallocation or reorganization of the entire structure because the 

data items need not be stored contiguously in memory or on disk. Linked lists allow insertion 

and removal of nodes at any point in the list, and can do so with a constant number of operations 

if the link previous to the link being added or removed is maintained during list traversal. 

On the other hand, simple linked lists by themselves do not allow random access to the data, or 

any form of efficient indexing. Thus, many basic operations — such as obtaining the last node of 

the list (assuming that the last node is not maintained as separate node reference in the list 

structure), or finding a node that contains a given datum, or locating the place where a new node 

should be inserted — may require scanning most or all of the list elements. The advantages and 

disadvantages of using linked lists are as follows:- 

Advantages: 

 Linked lists are a dynamic data structure, allocating the needed memory when the program is 

initiated. 

 Insertion and deletion node operations are easily implemented in a linked list. 

 Linear data structures such as stacks and queues are easily executed with a linked list. 

 They can reduce access time and may expand in real time without memory overhead. 

Disadvantages: 

 They have a tendency to waste memory due to pointers requiring extra storage space. 

 Nodes in a linked list must be read in order from the beginning as linked lists are 

inherently sequential access. 

 Nodes are stored incontiguously, greatly increasing the time required to access individual 

elements within the list. 
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 Difficulties arise in linked lists when it comes to reverse traversing. Singly linked lists are 

extremely difficult to navigate backwards, and while doubly linked lists are somewhat easier 

to read, memory is wasted in allocating space for a back pointer. 

Basic concepts and nomenclature[edit] 

Each record of a linked list is often called an element or node. 

The field of each node that contains the address of the next node is usually called 

the next link or next pointer. The remaining fields are known as 

the data, information,value, cargo, or payload fields. 

The head of a list is its first node. The tail of a list may refer either to the rest of the list after the 

head, or to the last node in the list. In Lisp and some derived languages, the next node may be 

called the cdr (pronounced could-er) of the list, while the payload of the head node may be called 

the car. 

Singly linked list[edit] 

Singly linked lists contain nodes which have a data field as well as a next field, which points to 

the next node in line of nodes. 

 
A singly linked list whose nodes contain two fields: an integer value and a link to the next node 

Doubly linked list[edit] 

Main article: Doubly linked list 

In a doubly linked list, each node contains, besides the next-node link, a second link field 

pointing to the previous node in the sequence. The two links may be calledforward(s) 

and backwards, or next and prev(previous). 

 
A doubly linked list whose nodes contain three fields: an integer value, the link forward to the 

next node, and the link backward to the previous node 

A technique known as XOR-linking allows a doubly linked list to be implemented using a single 

link field in each node. However, this technique requires the ability to do bit operations on 

addresses, and therefore may not be available in some high-level languages. 

Multiply linked list 

In a multiply linked list, each node contains two or more link fields, each field being used to 

connect the same set of data records in a different order (e.g., by name, by department, by date of 

birth, etc.). While doubly linked lists can be seen as special cases of multiply linked list, the fact 

that the two orders are opposite to each other leads to simpler and more efficient algorithms, so 

they are usually treated as a separate case. 

Circular list 

In the last node of a list, the link field often contains a null reference, a special value used to 

indicate the lack of further nodes. A less common convention is to make it point to the first node 

of the list; in that case the list is said to be 'circular' or 'circularly linked'; otherwise it is said to be 

'open' or 'linear'. 
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A circular linked list 

In the case of a circular doubly linked list, the only change that occurs is that the end, or "tail", of 

the said list is linked back to the front, or "head", of the list and vice versa. 

Sentinel nodes 

In some implementations, an extra sentinel or dummy node may be added before the first data 

record and/or after the last one. This convention simplifies and accelerates some list-handling 

algorithms, by ensuring that all links can be safely dereferenced and that every list (even one that 

contains no data elements) always has a "first" and "last" node. 

Empty lists 

An empty list is a list that contains no data records. This is usually the same as saying that it has 

zero nodes. If sentinel nodes are being used, the list is usually said to be empty when it has only 

sentinel nodes. 

Hash linking 

The link fields need not be physically part of the nodes. If the data records are stored in an array 

and referenced by their indices, the link field may be stored in a separate array with the same 

indices as the data records. 

List handles 

Since a reference to the first node gives access to the whole list, that reference is often called 

the address, pointer, or handle of the list. Algorithms that manipulate linked lists usually get 

such handles to the input lists and return the handles to the resulting lists. In fact, in the context 

of such algorithms, the word "list" often means "list handle". In some situations, however, it may 

be convenient to refer to a list by a handle that consists of two links, pointing to its first and last 

nodes. 

Combining alternatives 

The alternatives listed above may be arbitrarily combined in almost every way, so one may have 

circular doubly linked lists without sentinels, circular singly linked lists with sentinels, etc. 
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Sri Vidya  
College of Engineering and Technology 

Department of Information Technology  
Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for Stack ADT 

Time: 45 Minutes 

Lesson. No Unit No.: 3   Lesson no. :   6/ 9 

 

 

1. Topics to be covered:  Stack ADT 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of Stack ADT 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 
5. Explain the concept of Stack ADT 

 

5. Link Sheet: 

Define data structures. 

Define array. 

Write syntax for array in C language. 

 
6. Evocation: (5 Minutes) 

  

7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  
24. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, Addison-

Wesley, 2007. 

25. Goodrich, Michael T., Roberto Tamassia, David Mount, “Data Structures and Algorithms 

in C++”, 7th Edition, Wiley. 2004.  

26. Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest and Clifford Stein, 

"Introduction to Algorithms", Second Edition, Mc Graw Hill, 2002.  

27. Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007.  

28. https://www.cs.bu.edu/teaching/c/stack/array/ 

 
9. Application 

 

To implement the data structures concept by using array. 
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Lecture notes 

Stack - Array Implementation 

1. Abstract idea of a stack: 

The stack is a very common data structure used in programs. By data structure, we mean 

something that is meant to hold data and provides certain operationson that data. 

1. Abstraction 

Now, let's think about a stack in an abstract way. I.e., it doesn't hold any particular kind 

of thing (like books) and we aren't restricting ourselves to any particular programming 

language or any particular implementation of a stack. 

Stacks hold objects, usually all of the same type. Most stacks support just the simple set 

of operations we introduced above; and thus, the main property of a stack is that objects 

go on and come off of the top of the stack. 

Here are the minimal operations we'd need for an abstract stack (and their typical names): 

o Push: Places an object on the top of the stack. 

o Pop: Removes an object from the top of the stack and produces that object. 

o IsEmpty: Reports whether the stack is empty or not. 

Because we think of stacks in terms of the physical analogy, we usually draw them 

vertically (so the top is really on top). 

2. Order produced by a stack: 

Stacks are linear data structures. This means that their contexts are stored in what looks 

like a line (although vertically). This linear property, however, is not sufficient to 

discriminate a stack from other linear data structures. For example, an array is a sort of 

linear data structure. However, you can access any element in an array--not true for a 

stack, since you can only deal with the element at its top. 

One of the distinguishing characteristics of a stack, and the thing that makes it useful, 

is the order in which elements come out of a stack. Let's see what order that is by looking 

at a stack of letters... 

Suppose we have a stack that can hold letters, call it stack. What would a particular 

sequence of Push and Pops do to this stack? 

We begin with stack empty: 

----- 

stack 
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Now, let's perform Push(stack, A), giving: 

----- 

| A |  <-- top 

----- 

stack 

Again, another push operation, Push(stack, B), giving: 

----- 

| B |  <-- top 

----- 

| A | 

----- 

stack 

Now let's remove an item, letter = Pop(stack), giving: 

-----              ----- 

| A |  <-- top     | B | 

-----              ----- 

stack              letter 

And finally, one more addition, Push(stack, C), giving: 

----- 

| C |  <-- top 

----- 

| A | 

----- 

stack 

You'll notice that the stack enforces a certain order to the use of its contents, i.e., 

the Last thing In is the First thing Out. Thus, we say that a stack enforcesLIFO order. 

Now we can see one of the uses of a stack...To reverse the order of a set of objects. 

1. Dynamically-sized stack: 

Now, we will add one more choice to how we'll implement our stack. We want to be able 

to decide the maximum size of the stack at run-time (not compile-time). 

Thus, we cannot use a regular array, but must use a pointer to a dynamically-allocated 

array. 

Now, will we need to keep track of any more information besides the contents and top? 
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Answer: Yes! We'll need to keep the size of this array, i.e., the maximum size of the 

stack. We'll see why this is necessary as we write the code. 

2. C code: 

Now, let's think about how to actually code this stack of characters in C. 

It is usually convenient to put a data structure in its own module, thus, we'll want to 

create files stack.h and stack.c. 

Now, there are 2 main parts to a C data structure: the data types needed to keep track of a 

stack and the functions needed to implement stack operations. 

1. The main data type we need is a type that people can use to declare new stacks, as 

in: 

2. type-of-a-stack s1, s2; 

3. Some of the functions we'll need come directly from the operations needed for an 

abstract stack, like: 

4. StackPush(ref-to-s1, 'A'); 

5. ch = StackPop(ref-to-s2); 

Notice how each stack operation needs some way to refer to a specific stack (so 

that we can have more than one stack at a time). 

We may need to add a few other operations to help implement a stack. These will 

become apparent as we start to implement the stack. Remember that we need to 

put prototypes for each stack function in stack.h and put the function definitions 

(bodies) in stack.c. 

Before we ponder the details of the stack functions, we should decide on the types we 

need... 

3. Data types for a stack: 

For the array implementation, we need to keep track of (at least) the array contents and 

a top index. How could we combine these 2 into a single C construct of type stackT? 

Answer: Put them into a struct. 

So, our stack types become: 

typedef char stackElementT;  /* Give it a generic name--makes  */ 

                             /* changing the type of things in */ 

                             /* the stack easy.                */ 

 

typedef struct { 

  stackElementT *contents; 

  int top; 
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  /* Other fields? */ 

} stackT; 

Note that the contents is a pointer since it will be dynamically-allocated. 

Are any other fields needed? Well, remember that the maximum size of the array is 

determined at run-time...We'll probably need to keep that value around so that we can tell 

when the stack is full... The final type, thus, is: 

typedef struct { 

  stackElementT *contents; 

  int top; 

  int maxSize; 

} stackT; 

These types should go in the interface, stack.h. 

4. Filling in stack functions: 

Now that we've decided on the data types for a stack, let's think about the functions we 

need... 

First, we need the standard stack operations: 

StackPush() 

StackPop() 

StackIsEmpty() 

We'll use the convention of placing the data structure name at the beginning of the 

function name (e.g., StackIsEmpty). That will help us down the line. For example, 

suppose we use 2 different data structures in a program, both with IsEmpty operations--

our naming convention will prevent the 2 different IsEmpty functions from conflicting. 

We'll also need 2 extra operations: 

StackInit() 

StackDestroy() 

They are not part of the abstract concept of a stack, but they are necessary for setup and 

cleanup when writing the stack in C. 

Finally, while the array that holds the contents of the stack will be dynamically-allocated, 

it still has a maximum size. So, this stack is unlike the abstract stack in that it can get full. 

We should add something to be able to test for this state: 

StackIsFull() 

5. StackInit(): 
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The first function we'll implement is StackInit(). It will need to set up 

a stackT structure so that it represents an empty stack. 

Here is what the prototype for StackInit() looks like... 

void StackInit(stackT *stackP, int maxSize); 

It needs to change the stack passed to it, so the stack is passed by reference (stackT *). 

It also needs to know what the maximum size of the stack will be (i.e.,maxSize). 

Now, the body of the function must: 

1. Allocate space for the contents. 

2. Store the maximum size (for checking fullness). 

3. Set up the top. 

Here is the full function: 

void StackInit(stackT *stackP, int maxSize) 

{ 

  stackElementT *newContents; 

 

  /* Allocate a new array to hold the contents. */ 

 

  newContents = (stackElementT *)malloc(sizeof(stackElementT) 

                                        * maxSize); 

 

  if (newContents == NULL) { 

    fprintf(stderr, "Insufficient memory to initialize stack.\n"); 

    exit(1);  /* Exit, returning error code. */ 

  } 

 

  stackP->contents = newContents; 

  stackP->maxSize = maxSize; 

  stackP->top = -1;  /* I.e., empty */ 

} 

Note how we make sure that space was allocated (by testing the pointer against NULL). 

Also, note that if the stack was not passed by reference, we could not have changed its 

fields. 

6. StackDestroy(): 

The next function we'll consider is the one that cleans up a stack when we are done with 

it. It should get rid of any dynamically-allocated memory and set the stack to 

some reasonable state. 

This function only needs the stack to operate on: 
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void StackDestroy(stackT *stackP); 

and should reset all the fields set by the initialize function: 

void StackDestroy(stackT *stackP) 

{ 

  /* Get rid of array. */ 

  free(stackP->contents); 

 

  stackP->contents = NULL; 

  stackP->maxSize = 0; 

  stackP->top = -1;  /* I.e., empty */ 

} 

7. StackIsEmpty() and StackIsFull(): 

Let's look at the functions that determine emptiness and fullness. Now, it's not necessary 

to pass a stack by reference to these functions, since they do not change the stack. So, we 

could prototype them as: 

int StackIsEmpty(stackT stack); 

int StackIsFull(stackT stack); 

However, then some of the stack functions would take pointers (e.g., we need them 

for StackInit(), etc.) and some would not. It is more consistent to just pass stacks by 

reference (with a pointer) all the time. Furthermore, if the struct stackT is large, passing 

a pointer is more efficient (since it won't have to copy a big struct). 

So, our prototypes will be: 

int StackIsEmpty(stackT *stackP); 

int StackIsFull(stackT *stackP); 

Emptiness 

Now, testing for emptyness is an easy operation. We've said that the top field is -1 when 

the stack is empty. Here's a simple implementation of the function... 

int StackIsEmpty(stackT *stackP) 

{ 

  return stackP->top < 0; 

} 

Fullness 

Testing for fullness is only slightly more complicated. Let's look at an example stack. 
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Suppose we asked for a stack with a maximum size of 1 and it currently contained 1 

element (i.e., it was full)... 

stack (made up of 'contents' and 'top') 

-----    ----- 

| A |    | 0 | 

-----    ----- 

  0       top 

contents 

We can see from this example that when the top is equal to the maximum size minus 

1 (e.g., 0 = 1 - 1), then it is full. Thus, our fullness function is... 

int StackIsFull(stackT *stackP) 

{ 

  return stackP->top >= stackP->maxSize - 1; 

} 

This illustrates the importance of keeping the maximum size around in a field 

like maxSize. 

8. StackPush(): 

Now, pushing onto the stack requires the stack itself as well as something to push. So, its 

prototype will look like: 

void StackPush(stackT *stackP, stackElementT element); 

The function should place an element at the correct position in the contents array and 

update the top. However, before the element is placed in the array, we should make sure 

the array is not already full...Here is the body of the function: 

void StackPush(stackT *stackP, stackElementT element) 

{ 

  if (StackIsFull(stackP)) { 

    fprintf(stderr, "Can't push element on stack: stack is full.\n"); 

    exit(1);  /* Exit, returning error code. */ 

  } 

 

  /* Put information in array; update top. */ 

 

  stackP->contents[++stackP->top] = element; 

} 

Note how we used the prefix ++ operator. It increments the top index before it is used as 

an index in the array (i.e., where to place the new element). 

Also note how we just reuse the StackIsFull() function to test for fullness. 
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9. StackPop(): 

Finally, popping from a stack only requires a stack parameter, but the value popped is 

typically returned. So, its prototype will look like: 

stackElementT StackPop(stackT *stackP); 

The function should return the element at the top and update the top. Again, before an 

element is removed, we should make sure the array is not empty....Here is the body of the 

function: 

stackElementT StackPop(stackT *stackP) 

{ 

  if (StackIsEmpty(stackP)) { 

    fprintf(stderr, "Can't pop element from stack: stack is empty.\n"); 

    exit(1);  /* Exit, returning error code. */ 

  } 

 

  return stackP->contents[stackP->top--]; 

} 

Note how we had the sticky problem that we had to update the top before the function 

returns, but we need the current value of top to return the correct array element. This is 

accomplished easily using the postfix -- operator, which allows us to use the current value 

of top before it is decremented. 

10. Stack module: 

Finally, don't forget that we are putting this stack in its own module. The stack types and 

function prototypes should go in stack.h. The stack function definitions should go 

in stack.c. 

People that need to use the stack must include stack.h and link their code 

with stack.c (really, link their code with its object file, stack.o). 

Finally, since we wrote the types and functions for a stack, we know how to use a stack. 

For example, when you need stacks, declare stack variables: 

stackT s1, s2; 

When you pass a stack to stack functions, pass it by reference: 

StackInit(&s1, 10); 

StackPush(&s1, 'Z'); 
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Prepared By M.Anand, AP/IT 

Lesson Plan for Stack 

Time: 45 Minutes 

Lesson. No Unit No.: 3   Lesson no. :  7 / 9 

 

 

1. Topics to be covered: stack   

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of stack, application of stack and recursive procedure. 

 

4. Outcome (s): 

As a result of this lesson, students will be able to explain the concept of stack 

 

5. Link Sheet: 

1. What is the concept used in FIFO? 

2. What is the concept used in FILO? 

3. How do you store data in array? 

4. Define array  

6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  
29. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, Addison-

Wesley, 2007. 

30. Goodrich, Michael T., Roberto Tamassia, David Mount, “Data Structures and Algorithms 

in C++”, 7th Edition, Wiley. 2004.  

31. Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest and Clifford Stein, 

"Introduction to Algorithms", Second Edition, Mc Graw Hill, 2002.  

32. Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007.  

 

9. Application 

 To implement the data structures concept by using stack. 
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Lecture notes 

Stack 
An important subclass of lists permits the insertion and deletion of an element to 

occur only at one end. A linear list of this type is known as ‘stack’. The insertion is 

referred to as ‘push’. The deletion is referred to as ‘pop’. The two pointers used for 

accessing is top & bottom pointer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Operations 

 

1. PUSH (used to insert the element in the stach) 

2. POP   (used to delete the element from the stack) 

3. PEEP ( used to return the ith element from the top of the stack) 

4. CHANGE ( used to change the value of the ith item from the top of the 

stack). 

 

 Procedure for push 

 

if TOP  n 

then Write (‘ Stack Overflow’) 

 Return 

TOP  TOP + 1 

S[TOP]  X 

Return 

 

 

 Procedure for pop 

 

if  Top = 0 

then Write (‘ Stack Underflow On Pop’) 

 take action in response to underflow 

 Exit 

TOP  TOP - 1 

Return (S [TOP + 1]) 

 

Bottom Pointer  

 

 

 

 

 

 

. 

. 

. 

 

Top Pointer 

Unused elements 

Vectors of elements 

representing a stack 
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 Procedure for peep 

 

if  Top-I+1 <= 0 

then Write (‘ Stack Underflow On Pop’) 

 take action in response to underflow 

 Exit 

Return (S [TOP -I+ 1]) 

 

 

 Procedure for change 

 

if  Top-I+1 <= 0 

then Write (‘ Stack Underflow On Pop’) 

 take action in response to underflow 

 Exit 

S [TOP -I+ 1]=X 

Return () 

 

Applications of Stack 
1. Recursion 

2. Towers of Hanoi 

3. Polish notation 

 

 Recursion 

  A Procedure that calls itself repetitively is known as recursion. There are two 

important conditions to any recursive procedure: - 

 Each time a procedure calls itself; it must be ‘nearer’ to the solution. 

 There must be a decision criterion for stopping the process or 

computation.  

    

   Two types of recursion are 

1. Recursively defined procedure (primitive recursive functions) 

e.g.,  

  

Factorial (N) =   1   if N = 0 

        N * Factorial (N – 1) Otherwise 

 

 

 

2.  Recursive use of a procedure (non primitive functions) 

 E.g.: - 

  

   N + 1,    if M = 0 

 A (M, N) =  A (M – 1, 1)   if N = 0 

   A (M – 1, A (M, N – 1)), otherwise 
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Flow – chart for recursive procedure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Towers Of Hanoi 

   The algorithm used to arrange the ‘N’ disc in the problem is: -   

a. Push the parameters and return address on stack. 

b. If the stopping value has been reached, then pop the stack to return to previous 

level, else move all except the final disc from starting to intermediate needle. 

c. Move the final disc from start to destination needle. 

d. Move the remaining discs from the intermediate to destination needle. 

e. Return to previous level by popping stack. 

 

 

  

Intermediate 

Level 

Procedure 

call to 

itself 

Entry 

Save formal parameters, local 

variables, return address 

Test 
Partial 

Computation 

Final 

Computation 

Restore (most recently saved) 

formal parameters, local 

variables, return address 

Exit 

Level 1 

Level 2 

Level 3 
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Prepared By M.Anand, AP/IT 

Lesson Plan for Queue ADT 

Time: 45 Minutes 

Lesson. No Unit No.: 3   Lesson no. :  8 / 9 

 

 

1. Topics to be covered: Queue ADT   

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of Queue ADT. 

 

4. Outcome (s): 

As a result of this lesson, students will be able to explain the concept of queue 

 

5. Link Sheet: 

5. What is the concept used in FIFO? 

6. What is the concept used in FILO? 

7. How do you store data in array? 

8. Define array  

6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  
33. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, Addison-

Wesley, 2007. 

34. Goodrich, Michael T., Roberto Tamassia, David Mount, “Data Structures and Algorithms 

in C++”, 7th Edition, Wiley. 2004.  

35. Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest and Clifford Stein, 

"Introduction to Algorithms", Second Edition, Mc Graw Hill, 2002.  

36. Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007.  

 

9. Application 

 To implement the data structures concept by using queue. 
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Lecture notes 

Queue 
 

 The information in this list is processed in the same order as it was received, that is first in 

first out order (FIFO) or a first – come first – served (FCFS) basis. This type of frequently used 

list is known as queue. We have two pointers to access the queue. They are 

1. Front (used for deletion) 

2. Rear (Used for insertion) 

 

 

 

 

       

 

 

 

Insertion Procedure 

  Qinsert (Q, F, R, N, Y) 

1. If R  N 

then write (‘ Over flow’) 

Return 

2. R  R + 1 

3. Q [R]  Y 

4. if  F = 0 

then F  1 

Return 

Procedure for deletion 

 Qdelete (Q, F, R) 

1.If F = 0 

 then write (‘Under flow’) 

  return  

2. Y  Q [F] 

3.If F = R 

 then F  R  0 

 else F  F + 1 

4. return (Y) 

Rear Front 

Deletion Insertion Insertion Deletion 

Front Rear 
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Example for Queue insertion and deletion operation  

 Insert A, B, C, D, and E and delete A, B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

r 

r 

f  r 

Empty 

A 

f  r 

Insert A 

A      B 

f   

Insert B 

r 

A      B         C 

f   

Insert C 

r 

         B         C 

f   

Delete A 

                   C 
Delete B 

f   

r 

                   C        D 
Insert D 

f   
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Circular Queue Insertion 

  Cqinsert (F,R, Q, N, Y) 

1. If R = N 

then R  1 

else  R  R + 1 

2. If  F = R 

then write (‘Over flow’) 

 return  

3. Q [R]  Y 

4. if  F = 0 

then F  1 

return 

 

Circular Queue Deletion 

 Cqdelete (F,R, Q, N, Y) 

1. If F = 0 

 then write (‘Under flow’) 

  return (0) 

2. Y  Q [F] 

3.If F = R 

 then F  R  0 

 return (0)  

4.if  F = N 

then F  1 

else F  F + 1 

 return (Y) 

 

 

 

 

 

 

 

r (Over flow) 

                 C        D 
Insert E 

f   
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Example for Circular Queue insertion and deletion operation  

 Insert A, B, C, D, E, F and delete them all 
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Insert D 
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r f   

r  

  E                 C     D 
Delete B 

f   

r  

  E      F          C     D 
Insert F 

f   

r  

  E        F               D 
Delete C 

f   

r  

  E      F                  
Delete D 

f   

r  

          F                  
Delete E 

f   

r  

                    
Delete F 

f   
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DEQUEUE             

Double Ended Queue. In the Dequeue the insertion and deletion are done at both the 

ends. 

 

 

 

 

 

 

 

 

The input – restricted Dequeue allows the insertion at only one, while the output – 

restricted Dequeue allows the deletion at only one. 

Simulation 

  Process of forming an abstract model from a real situation on order to understand 

the impact of modifications and the effect of introducing various statergies on the situation. 

Aim : To aid the user 

Advantages :   permits experiments without modifying the real situation ( eg) military 

Disadvantages :   Expensive to run on a comoputer 

Assumptions are made to simulate the thing. If assumensions are wrong 

the result will come incorrect. 

System  : Any process or situation we wish to simulate . It is a group of objects 

interacting in order to produce some result. (eg) Factory ( Man & machine 

) 

 

Rear Front 

Deletion Insertion 
Insertion 

Deletion 

Front 
Rear 

Insertion 

Deletion 
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 Depends on how the status of the object changed in the system  the system is classified into two 

types 

1. Contineous – It can take real value in given time interval ( e.g Temparature or          

pressure messerment) 

2. Discreate – It takes value from a fixed no. of choice (eg  Blender(food 

processing) ) 

Depends on the input the system is classified into two types 

1.Deterministic  System – The initial state is known the final outcome can be 

predicted ( eg   Key board ) 

2.Stochastic System – We can not predict the outcome 

To simulate a System a model of the system must be produced. 

Model   : Body of information used to present the system in a different form. The model is finate 

and it can not produce reliable information on every aspect of the original system. 

 To determine the structure of a model we have to determine the attributes, 

events,entites. 

Entities :Components and workload of the system. 

Attributes : Charteristics of these entities 

Activity :  Is a process which causes a change of system state. 

Event : Occurrence of an activity at a particular instance of time. 

 e.g Bank System – Entites – Customers 

          Attributes – Accounts of customer 
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          Activity – Deposit , Withdrawals. 

          Event – Customer enters or leaves a queue for a teller. 

Handling time clock in simulation is classified into two ways 

  1.Time driven – the main clock is allowed to increase one unit time. 

  2. Event driven – more efficient , less obvious , Examines all events to determine 

whi ch to happen next,  It is used discreate simulation. 

Priority Queue 
 

   A queue in which we are able to insert items or remove items from any position based on 

some property is often referred to as a priority queue. 

A priority queue can be conceptualized as a series of queues representing situations in which 

it is known a priori. 

 

Task identification 

R1 R2 ….. Ri-1 O1 O2 ….. Oj-1 B1 B2 …. Bk-1 

1 1 …… 1 2 2 ….. 2 3 3 …. 3 

Priority                              Ri                                            Oj                                    Bk 

 

 

Priority 1  

 

 

Priority 2 

O1 O2 …….. Oj-1 ………. 

 Priority 3 

B1 B2 …….. Bk-1 ………. 

  

 

  

R1 R2 …….. Ri-1 ………. 

Oj 

Bk

Oj 

Rj 
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Sri Vidya  
College of Engineering and Technology 

Department of Information Technology  
Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for Evaluating arithmetic expressions 

Time: 45 Minutes 

Lesson. No Unit No.: 3   Lesson no. :  9 / 9 

 

 

1. Topics to be covered: Evaluating arithmetic expressions 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of stack, application of Evaluating arithmetic expressions. 

 

4. Outcome (s): 

As a result of this lesson, students will be able to explain the concept of Evaluating 

arithmetic expressions 

 

5. Link Sheet: 

9. Define array. 

10. Define stack. 

11. Define queue. 

12. List the applications of a stack 

13. List the applications of a queue 

 

6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  
37. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, Addison-

Wesley, 2007. 

38. Goodrich, Michael T., Roberto Tamassia, David Mount, “Data Structures and Algorithms 

in C++”, 7th Edition, Wiley. 2004.  

39. Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest and Clifford Stein, 

"Introduction to Algorithms", Second Edition, Mc Graw Hill, 2002.  

40. Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007.  

 

9. Application 

 To implement the arithmetic expressions concept by using stack. 
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Lecture notes 

Algorithms for Parsing Arithmetic Expressions 

Parsing a Postfix Expression (like 2 3 * 4 2 / + 5 3 * 6 + -) 

The algorithm is: 

 For each item in the postfix expression from the left: 

o if the item is a number push it on the stack 

o if the item is an operator (+,-,*, or /) then 

 pop two numbers off the stack 

 make a calculation: the second number popped-operator-first 

number 

 push the result on the stack 

 When the loop is done the answer is the only item remaining on the stack. 

Parsing an Infix Expression with No Parentheses (like 2 * 3 - 48/4 -4 * 5) 

Two stacks are required, one for numbers and the other for operators. The algorithm 

is: 

 For each item in the infix expression (no parens) from the right to the left 

o If the item is a number then push it on the number stack. 

o If the item is an operator (+,-,*, or /) and: the operator stack is empty or 

the operator on the top of the stack is higher in priority (* and / are 

higher in priority than + or -), then 

 Pop an operator from the operator stack. 

 Pop two numbers off the number stack. 

 Calculate using second number-operator-first number. 

 Push the result on the number stack. 

 Push the item on the operator stack. 

o Else push the item on the operator stack. 

 After the loop, while the operator stack is not empty 

o Pop an operator from the operator stack. 

o Pop two numbers off the number stack. 

o Calculate using second number-operator-first number. 

o Push the result on the number stack. 

 The answer is the last item in the number stack. 

Parsing an Infix Expression with Parentheses (like ((2*4-6/3)*(3*5+8/4))-(2+3)) 

One stack is required. The algorithm is: 

 Have a string available to store items 
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 For each item in the infix (with parens) expression 

o If the item is a number then add it to the string with a space 

o if the item is an operator then 

 While the stack is not empty and an operator is at the top and the 

operator at the top is higher priority that the item then 

= Pop the operator on the top of the stack 

= Add the popped operator to the string with a space 

 Push the item on the stack 

o else if the item is a left paren 

 Push the item on the stack 

o else if the item is a right paren 

 Pop a thing off of the stack. 

 while that thing is not a left paren 

= Add the thing to the string with a space 

= Pop a thing off of the stack 

 While the stack is not empty 

o Pop a thing off the stack. 

o Add it to the string with a space. 

 Remove the last character (a space) from the string. 

Code for Calculating with the Postfix Algorithm 
#include <iostream> 

#include <string> 

 

#include "Stack.h" 

 

int main () 

{ 

    string theExpress = "234*+45*67*+2/-"; 

     

    cout << postfixCalculate (theExpress) << endl; 

     

    return 0; 

} 

 

int postfixCalculate (string& theExpress) 

{ 

//Restrictions: 

 

// * theExpress must be a postfix expression 

// * the numbers must be single digit and positive 

// * no spaces between items 
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   Stack theStack;            //An int stack 

    

   int first, second; 

    

   //For each item in the postfix expression from the left: 

 

   for (int n = 0; n < theExpress.size (); n++) 

   { 

      switch (theExpress [n]) 

      { 

      //if the item is an operator (+,-,*, or /) then 

       

      //      pop two numbers off the stack 

 

      //      make a calculation:  the second number  

      //            popped-operator-first number 

 

      //      push the result on the stack 

 

      case '*': 

         getTwoOffStack (theStack, first, second); 

         theStack.push (first * second); 

         break; 

          

      case '/': 

         getTwoOffStack (theStack, first, second); 

         theStack.push (first / second); 

         break; 

          

      case '+': 

         getTwoOffStack (theStack, first, second); 

         theStack.push (first + second); 

         break; 

          

      case '-': 

         getTwoOffStack (theStack, first, second); 

         theStack.push (first - second); 

         break; 

          

      //   if the item is a number push it on the stack 

 

      default: 

       

      //str is a one character Cstring to hold the one digit number. 

      //atoi is a library function that changes the Cstring to an int. 

      //This won't work if str is an STL string. 

       

        char str [3]; 

         

        str [0] = theExpress [n]; 

        str [1] = '\0'; 

         

         theStack.push (atoi (str)); 

      } 

   } 

    

   //When the loop is done, the answer is the only value left on the stack. 
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   int returnVal = theStack.getTop (); 

    

   theStack.pop (); 

    

   return returnVal; 

} 

 

void getTwoOffStack (Stack& theStack, int& first, int& second) 

{ 

//This function takes (and removes) the top two numbers on the stack. 

//The topmost number is stored in first, the next one down in second. 

 

   second = theStack.getTop (); 

    

   theStack.pop (); 

    

   first = theStack.getTop (); 

    

   theStack.pop (); 

} 
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Sri Vidya  
College of Engineering and Technology 

Department of Information Technology  
Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for NON-LINEAR DATA STRUCTURES 

Time: 45 Minutes 

Lesson. No Unit No.: 4   Lesson no. : 1  / 9 

 

 

1. Topics to be covered:  NON-LINEAR DATA STRUCTURES 

 

2. Skills Addressed: Understanding and remembering  

 

3. Objectives of this Lesson Plan: 
1. To give  the introduction of non linear data structures  

2. To understand the importance of non linear data structures 

4. Outcome (s): 

Understand the concept of the non linear data structures 

 

5. Link Sheet: 

1. Give any two examples for liner data structures. 

2. What are the problems occurred in linear data structures. 

3. Whether Linked List is linear or Non-linear data structure? 

 
6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  
1. Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, Addison-

Wesley, 2007. 

9. Application 

 To identify the difference between non linear and liner structures. 

 

 

Lecture notes 

 

Data Structures  

Data Structure = Organised  Data + Allowed Operations. 

If you recall, this is an extension of the concept of data type. We had defined adata type as 

data Type = Permitted Data Values + Operations 

Further, we had seen that simple data type can be used to built new scalar data types, for example 

subrange and enumerated type in Pascal. Similarly there are standard data structures which are 

often used in their own right and can  form the basis for complex data structures. One such basic 

data structure called Array is also discussed in this unit Arrays are basic building block for more 

complex data structures. Designing and using data structures is an important  programming skill. 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



EC6301 – OOPS &DS – Unit IV 

 

M.Anand, AP/IT , SVCET Page 3 
 

In this and in subsequent units, we are going to discuss various data structures. We may classify 

these data structures as linear and non-linear data structures. However, this is not the only way to 

classify data  structures. In linear data structure the data items are arranged in a linear sequence 

like in an array. In a non-linear, the data items are not in sequence. An example of a non linear 

data structure is a tree. Data structures may also be  classified as homogenous and non- 

homogenous data structures. An Array is a homogenous structure in which all elements are of 

same type. In non-homogenous structures the elements may or may not be of the same type. 

Records are common example of non-homogenoes data structures. Another way of classifying 

data structures is as static or dynamic data structures. Static structures are ones whose sizes and 

structures associated memory location are fixed  at compile time. Dynamic structure are ones 

which expand or shrink as required during the program execution and their associated memory 

locations change. Records are a common example of non-homogenous data structures. 

 

 In this unit first we have discussed about the performance of an algorithm, You may find it very 

relevant as You read on the subsequent blocks and develop programs. Then we introduce the 

array data structure. Then the array  declarations in Pascal and C are reviewed. A section is 

devoted to discussion on how single and multi-dimensional arrays are mapped to storage 

 

Linear vs Nonlinear Data Structures  

A data structure is a method for organizing and storing data, which would allow efficient data 

retrieval and usage. Linear data structure is a structure that organizes its data elements one after 

the other. Linear data structures are organized in a way similar to how the computer’s memory is 

organized. Nonlinear data structures are constructed by attaching a data element to several other 

data elements in such a way that it reflects a specific relationship among them. Nonlinear data 

structures are organized in a different way than the computer’s memory. 

Linear data structures 

Linear data structures organize their data elements in a linear fashion, where data elements are 

attached one after the other. Data elements in a liner data structure are traversed one after the 

other and only one element can be directly reached while traversing. Linear data structures are 

very easy to implement, since the memory of the computer is also organized in a linear fashion. 

Some commonly used linear data structures are arrays, linked lists, stacks and queues. An arrays 
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is a collection of data elements where each element could be identified using an index. A linked 

list is a sequence of nodes, where each node is made up of a data element and a reference to the 

next node in the sequence. A stack is actually a list where data elements can only be added or 

removed from the top of the list. A queue is also a list, where data elements can be added from 

one end of the list and removed from the other end of the list. 

Nonlinear data structures 

In nonlinear data structures, data elements are not organized in a sequential fashion. A data item 

in a nonlinear data structure could be attached to several other data elements to reflect a special 

relationship among them and all the data items cannot be traversed in a single run. Data 

structures like multidimensional arrays, trees and graphs are some examples of widely used 

nonlinear data structures. A multidimensional array is simply a collection of one-dimensional 

arrays. A tree is a data structure that is made up of a set of linked nodes, which can be used to 

represent a hierarchical relationship among data elements. A graph is a data structure that is 

made up of a finite set of edges and vertices. Edges represent connections or relationships among 

vertices that stores data elements. 

Difference between Linear and Nonlinear Data Structures 

Main difference between linear and nonlinear data structures lie in the way they organize data 

elements. In linear data structures, data elements are organized sequentially and therefore they 

are easy to implement in the computer’s memory. In nonlinear data structures, a data element can 

be attached to several other data elements to represent specific relationships that exist among 

them. Due to this nonlinear structure, they might be difficult to be implemented in computer’s 

linear memory compared to implementing linear data structures. Selecting one data structure 

type over the other should be done carefully by considering the relationship among the data 

elements that needs to be stored. 
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Sri Vidya  
College of Engineering and Technology 

Department of Information Technology  
Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for Trees  

Time: 45 Minutes 

Lesson. No Unit No.: 4   Lesson no. :   2/ 9 

 

 

1. Topics to be covered:  Tree  

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of tree 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 
1. Explain the concept of tree  
2. Hone and refine tree 

5. Link Sheet: 

1. What is the use of binary number systems in computers? 

2. Do you see any difficulty if the element is to be inserted before a specified element? 

3. What about insertions at the beginning or at the end of the linked List? Are these two 

insertions special cases of the insertions before and after an element respectively. 

 
6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  
Deitel and Deitel, “C++, How To Program”, Fifth Edition, Pearson Education, 2005. 

 

9. Application 

 to find the shortest path of a tree. 

 To implement tree concept by using cpp program. 

 

 

Lecture notes 

 

Tree 

 An important class of digraph, which involves for the description of hierarchy. A directed 

tree is an acyclic digraph which has one node called root with in degree 0, while other nodes 

have indegree 1. Every directed tree must have atleast one node. An isolated node is also called 

as directed tree. The node with outdegree as 0 is called as leaf. The length of the path from root 

to particular node level of the node. If the ordering of the node at each level is prescribed then 

the tree is called as ordered tree. 

 

Subtree or forest 

 If we delete the root and the edges connecting the root to the nodes at level 1, then we get 

the Subtree with root as the node at level 1. 

 

 

 

 

 

 

 

 

 

 

Sequential and other representation of Binary Tree 

 Sequential Method For Complete Binary Trees 

 Sequential Method For Incomplete Binary Trees 

 Using Preorder Traversing method 

 Using Post order Traversing method 

 Representation Using Parent Node  

                                            

 

 

 

  

E D 

B 
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Sequential Method For Complete Binary Trees 
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Sequential Method For Incomplete Binary Trees 
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Using Preorder Traversing method 

  

 

        

             

             

             

             

             

             

             

 

    

RPTR  

 

Information  A B C D   E    

            

             

Using Post order Traversing method 

 

      

        

             

             

             

             

             

             

             

     

 

 

      

    

 

 

 

 

Representation Using Parent Node 
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Sri Vidya  
College of Engineering and Technology 

Department of Information Technology  
Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for Binary Trees – Binary tree representation and traversals 

Time: 45 Minutes 

Lesson. No Unit No.: 4   Lesson no. :   3/ 9 

 

 

1. Topics to be covered:  Binary Trees – Binary tree representation and traversals 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of binary tree representation and traversals 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 
3. Explain the concept of binary tree  
4. Hone and refine binary tree traversals 

5. Link Sheet: 

1. What is the use of binary number systems in computers? 

2. Compare and contrast the four traversing techniques. 

3. Give an example of a connected graph such that removal of any edge results in a graph 

that is not connected. 

4. How many different trees are there with three nodes? Draw each. 

 

6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  
Deitel and Deitel, “C++, How To Program”, Fifth Edition, Pearson Education, 2005. 

 

9. Application 

To implement the binary concept  
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Lecture notes 

 

Conversion of General Tree to Binary Tree 
 

General Algorithm Used to Convert the General Tree to Binary Tree 

1. Create a head node for the binary tree and push its address and level number on 

the stack. 

2. Repeat thru step 6 while there still remains data. 

3. Input a current node description. 

4. Create a tree node and initialize its contents, 

5. If the level number of the current node is greater than that of the top of the stack 

then connect parent to its left offspring (current node)  

  

Else Remove from the stack all nodes whose level numbers are greater than that of the 

current node 

Connect the left child on the stack to the current node  

Remove the left child from the stack 

6. Push the current node description on to the stack 

7. Finished. 

 

Pseudo – code Instruction 

 

1. HEAD  NODE 

LPTR (HEAD)  NULL 

RPTR (HEAD)  HEAD 

NUMBER [1]  0 

LOC [1]  HEAD 

TOP  1  

2. Repeat thru step 6 while there remains input 

3. Read (LEVEL, NAME) 

4. NEW  NODE 

LPTR (NEW)  RPTR (NEW)  NULL 

DATA (NEW)  NAME 

5. PRED_LEVEL  NUMBER [TOP] 

PRED_LOC  LOC [TOP] 

If LEVEL  PRED_LEVEL 

Then LPTR (PRED_LOC)  NEW  

Else Repeat while PRED_LEVEL > LEVEL 

 TOP  TOP – 1  

 PRED_LEVEL  NUMBER [TOP] 

 PRED_LOC  LOC [TOP] 
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If PRED_LEVEL<LEVEL 

Then Write (‘Mixed Level Numbers’) 

 Exit 

RPTR (PRED_LOC)  NEW 

TOP  TOP – 1  

 

6. TOP  TOP+1 

NUMBER [TOP]  LEVEL 

LOC [TOP]  NEW 

7. Exit 

 

 

General Tree   

 

 

        

             

             

             

             

             

             

             

             

            

Equivalent Binary Tree for the above General Tree 

  

 

 

 

 

 

 

 

 

             

             

             

             

             

             

             

             

             

       

Traversing Methods 

A 

B 
C 

D 

E 

F 

G H 

I J 

    Head 

      A 

      B       C 

      F 

      D 

      E 

      G       H 

      I       J 
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1. Pre – order method 

2. In – order method 

3. Post – order method 

4. Converse Pre – order method 

5. Converse In – order method 

6. Converse post – order method 

 

 

 

 

Pre – order method 

 This method gives the tree key value in the following manner: - 

1. Process the root 

2. Traverse the left subtree 

3. Traverse the right Subtree 

 

Procedure PREORDER (T) 

1. If T  NULL 

then  write (DATA (T)) 

else  write (‘Empty Tree’) 

 return 

2. If LPTR (T)  NULL 

then Call PREORDER (LPTR (T)) 

3. If RPTR (T)  NULL 

then Call PREORDER (RPTR (T)) 

4. Return 

 

             

             

             

             

             

             

             

             

             

             

A 

B 
C 

D 
E 

F G 
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  The sequence obtained by preorder traversal: -  

   A, B, C, D, E, F, G 

In – order method 

 This method gives the tree key value in the following manner: - 

1. Traverse the left subtree 

2. Process the root 

3. Traverse the right Subtree 

 

Procedure INORDER (T) 

1. If T  NULL 

then  write (‘Empty Tree’) 

  return 

2. If LPTR (T)  NULL 

then Call INORDER (LPTR (T)) 

3. write (DATA (T)) 

4. If RPTR (T)  NULL 

then Call INORDER (RPTR (T)) 

5. Return 

 

 

             

             

             

             

             

             

             

             

             

             

             

             

             

             

  The sequence obtained by preorder traversal: -  

   D, B, E, A, F, C, G 

 

Post – order method 

 This method gives the tree key value in the following manner: - 

1. Traverse the left subtree 

A 

B 
C 

D 
E 

F G 
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2. Traverse the right Subtree 

3.    Process the root 

 

Procedure INORDER (T) 

1. If T  NULL 

then  write (‘Empty Tree’) 

  return 

2. If LPTR (T)  NULL 

then Call POSTR (LPTR (T)) 

3. If RPTR (T)  NULL 

then Call POSTORDER (RPTR (T)) 

4. write (DATA (T)) 

5. Return  

 

          

          

          

          

          

          

          

          

          

          

          

          

     

The sequence obtained by preorder traversal: -  

   D, E, B, F, G, C, A 

 

Converse Pre – order method 

 This method gives the tree key value in the following manner: - 

1) Process the root 

2) Traverse the right Subtree 

3) Traverse the left subtree 

 

Procedure CPREORDER (T) 

1. If T  NULL 

then  write (DATA (T)) 

else  write (‘Empty Tree’) 

 return 

2. If RPTR (T)  NULL 

then Call CPREORDER (RPTR (T)) 

3. If LPTR (T)  NULL 

then Call CPREORDER (LPTR (T)) 

A 

B 
C 

D 
E 

F G 
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4. Return 

 

             

             

             

             

             

             

             

             

             

             

             

             

             

             

  The sequence obtained by preorder traversal: -  

   A, C, G, F, B, E, D 

 

Converse In – order method 

 This method gives the tree key value in the following manner: - 

1) Traverse the right Subtree 

2) Traverse the left subtree 

3) Process the root 

 

Procedure CINORDER (T) 

1. If T  NULL 

then  write (‘Empty Tree’) 

  return 

2. If RPTR (T)  NULL 

then Call CINORDER (RPTR (T)) 

3. write (DATA (T)) 

4. If LPTR (T)  NULL 

then Call CINORDER (LPTR (T)) 

5. Return 

             

             

             

             

             

             

             

             

             

             

A 

B 
C 

D 
E 

F G 

A 

B 
C 

D 
E 

F G 
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  The sequence obtained by preorder traversal: -  

   G, C, F, A, E, B, D 

 

Converse Post – order method 

 This method gives the tree key value in the following manner: - 

1. Traverse the right Subtree 

2. Traverse the left Subtree 

3. Process the root 

 

Procedure CPOSTORDER (T) 

1. If T  NULL 

then  write (‘Empty Tree’) 

  return 

2.  If RPTR (T)  NULL 

then Call POSTORDER (RPTR (T)) 

     

3.  If LPTR (T)  NULL 

then Call POSTR (LPTR (T)) 

4.  write (DATA (T)) 

5. Return  

 

          

          

          

          

          

          

          

          

          

          

          

          

     

The sequence obtained by preorder traversal: -  

   D, E, B, F, G, C, A 

 

  

A 

B 
C 

D 
E 

F G 
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Sri Vidya  

College of Engineering and Technology 

Department of Information Technology 
 

Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for  Application of trees: Set representation and Union-Find operations 

Time: 45 Minutes 

Lesson. No Unit No.: 4   Lesson no. :  4 / 9 

 

 

1. Topics to be covered:  Application of trees: Set representation and Union-Find operations 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of  Application of trees: Set representation and Union-Find operations 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 

1. Explain the concept of  Application of trees: Set representation and Union-Find 

operations 

5. Link Sheet: 

1. Define data type and abstract data type. Comment upon the significance of both. 

2. Define linear and non linear data type. Comment upon the significance of both. 
 

6. Evocation: (5 Minutes) 

 

  

7.Lecture Notes: (To be attached) 
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8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 

 

9. Application 

To implement the Application of trees  

 

 

Lecture notes 

 

HEIGHT BALANCED TREE 

A binary tree of height h is completely balanced or balanced if all leaves occur at nodes of level 

h or h-1 and if all nodes at levels lower than h-1  have two. children. According to this definition, 

the tree in figure 1(a) is  balanced, because all leaves occur at levels 3 considering at level 1 and  

all node's at levels 1 and 2 have two children. Intuitively we might consider  a tree to be well 

balanced if, for each node, the longest paths from the left of the node are about the same length 

as the longest paths on the right. 

 

 More precisely, a tree is height balanced if, for each node in the tree, the  height of the left 

subtree differs from the height, of the right subtree by no more than 1. The tree in figure 2(a) 

height balanced, but it is not completely balanced. On the other hand, the tree in figure 2(b) is  

completely balanced tree. 

 

 An almost height balanced tree is called an AYL tree after the Russian mathematician G. M. 

Adelson - Velskii and E. M. Lendis, who first defined  and studied this form of a tree. AVL Tree 

may or may not be perfectly balanced. 

    

Let us determine how many nodes might be there in a balanced tree of  height h. 

 

 The, root will be the only node at level 1; 

 

 Each subsequent levels will be as full as possible i.e. 2 nodes at level 2, 4 nodes at level 3 and so 

on, i.e. in general there will be 21-1 nodes at level  1. Therefore the number of nodes from level 

1 through level h-1 will be  

     

         1 + 2 + 22 + 23 + ... + 2h-2 = 2h-1 - 1  

 

 The number of nodes at level h may range from a single node to a maximum of 2h-1 nodes. 

Therefore, the total number of nodes n of the tree may range for (2h-1-1+1) to (2h-1-1+2h-1) 

    

or 2h-1 to 2h -1. 

 

BUILDING HEIGHT BALANCED TREE 
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Each node of an AVL tree has the Property that the height of the left subtree is either one more, 

equal, or one less than the height of the right subtree. We may define a balance factor (BF) as 

     

BF = (Height of Right- subtree - Height of Left- subtree) 

 

 Further  

 

If two subtree are of same height 

 

BF = 0 

 

if Right subtree is higher 

 

BF = +1  

 

if Left subtree is higher 

 

BF = -1 

 

For example balance factor are stated near the nodes in Figure 3. BF of  the root node is zero 

because height of the right subtree and the left  subtree is three. The BF at the node DIN is -17 

because the height of its left subtree is 2 and of right subtree is 1 etc. 
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Sri Vidya  
College of Engineering and Technology 

Department of Information Technology  
Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for Graph and its representations 

Time: 45 Minutes 

Lesson. No Unit No.: 4   Lesson no. :   5/ 9 

 

 

1. Topics to be covered:  Graph and its representations 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of Graph and its representations 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 

2. Explain the concept of Graph and its representations 

5. Link Sheet: 

3. What is the maximum number of nodes in a binary tree that has m leaves  

4. Draw a graph with five vertices each of degree 3. 

 

6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 

 

9. Application 

To implement the Graph and its representations 
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Lecture notes 

Graph  

 A graph ‘G = (V, E)’ consist of set of vertices and a set of lines joining the nodes or 

vertices called edges 

E.g.: - 

             

             

             

             

             

             

             

             

             

             

   G = (V, E) 

   V = {v1, v2, v3} 

   E = {e1, e2, e3} 

 

Adjacent nodes 

 If an edge x  E for a pair of nodes (u, v), then the nodes u and v are adjacent to each 

other. 

 For the above example the nodes v1 and v2 are adjacent to each other since they are 

connected by the edge e1. 

 

 

Directed Edge & Directed Graph or Digraph 

 

 In a Graph G =(V, E) an edge is directed if there is a directed arrow from one node to 

other node. In a graph if all the edges are directed, then that graph is said to be directed graph or 

digraph 

             

             

             

             

             

             

             

             

             

   

In the above example all the edges are directed since each edge flows from one node to other 

node & this graph is known as directed graph 

  Eg  A city map showing only the one way streets 

e3 e2 

V1 V2 

V3 

e1 

e3 e2 

V1 V2 

V3 

e1 
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Undirected Graph   

 In a graph if all the edges are undirected, then that graph is said to be undirected graph   

E.g.: -             

             

             

             

             

             

             

             

             

             

 In the above example all the edges are undirected, so this is said to be undirected graph. 

Eg A city map showing only the two way streets 

 

Mixed Graph             

 In a graph if some edges are undirected and some are directed means such a graph is 

called as mixed graph           

   

E.g.: -             

             

             

             

             

             

             

             

             

             

 In the above example the edge e1 and e3 are undirected and e2 is directed so this is called 

as mixed graph. 

Eg A city map showing  the one way and two way streets 

 

Initiating (or)  Orginating  & Terminal (or) Ending Edges 

 

 Let G = (V, E) be a graph, in this if the edge x  E flow from node u to node v, then the 

edge x is initiating edge for node u and terminating edge for node v. 

 

E.g.: -             

             

             

             

             

             

e3 e2 

V1 V2 

V3 

e1 

e3 e2 

V1 V2 

V3 

e1 

e3 e2 

V1 V2 

V3 

e1 
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 In the above example the edge e1 is initiating edge for node v1 and terminating edge for 

node v2, since it flows from node v1 to node v2. 

 

Initial & Terminal node 

 Let G = (V, E) be a graph, in this if the edge x  E flow from node u to node v, then the 

node u is initial and node v is terminal node for the edge x. 

E.g.: -             

             

             

             

             

             

             

             

             

             

  

 

In the above example the node v1 is initial and node v2 is the terminal node for 

the edge e1, since it flows from node v1 to node v2. 

 

Incident 

 An edge x  E, which join node (u, v) whether directed or not, then x is incident to node 

u & v. 

E.g.: -             

             

             

             

             

             

             

              

 

In this above example the edge e1 is incident to node v1 and v2.  

     

Loop or sling 

 An edge of a graph which joins a node to itself is called is called as loop. 

 

E.g.: -             

             

             

e4 

e3 e2 

V1 V2 

V3 

e1 

e3 e2 

V1 V2 

V3 

e1 

e3 e2 

V1 V2 

V3 

e1 
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 The edge e4 is loop.     

 

Parallel Edge  

 The two possible edges between a pair of nodes are known as parallel edge. 

  

 E.g.: -            

             

             

             

             

             

             

             

  

 

In this above example the edge e2 and e4 are parallel edges. 

 

Multi Graph 

 Any graph, which has some parallel edges, is called as multigraph. 

  

E.g.: -             

             

             

             

             

             

            

Simple Graph 

 If there is no more than one edge between any pair of nodes, then such a graph is called 

as simple graph. 

 

Weighted Graph 

 A Graph in which some weights are assigned to every edge is called as weighted edge. 

E.g.: -             

             

             

             

             

             

             

              

e6 

e5 

e4 

e3 e2 

V1 V2  

V3 

e1 

e3 e2 

V1 V2  

V3 

e1 

50 20 

V1 V2 

V3 

10 
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Isolated Node 

 In a graph, a node, which is not adjacent to any other node, is called as isolated node 

E.g.: - 

             

             

             

        

Null Graph 

 A graph containing only isolated node is called as null graph. 

 

Out Degree 

 For any node V, the number of edges leaving out of a node is called as out degree 

 

In Degree 

 For any node V, the number of edges entering in to a node is called as in degree 

 

Total Degree (or) Degree of a graph 

 For a node the total degree is the sum of the in degree and the out degree. 

E.g.: -             

             

             

             

             

             

             

              

 

 

In the above example the degree for the nodes is  

  

Node In degree Out degree Total Degree 

V1 0 1 1 

V2 1 1 2 

V3 2 0 2 

 

Note 

 Degree for a loop = 2 

 Degree for an isolated node = 0 

 

 

Path  

 Path is defined as sequence of edges in a graph 

  (V1, v2, v3, …, vn) 

V1 

e3 e2 

V1 V2 

V3 

e1 
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Path is to traverse through the nodes appearing in the sequence originating in the initial node first 

edge and end at the terminal node of the last edge in the sequence. The length of the path is the 

number of nodes appearing in the path. 

E.g.: -             

             

             

             

             

             

             

              

 

 

The path is e1, e2. The length is 2. 

 

Simple path 

 If the edges present in the path are distinct, then such a path is called as simple path. 

 

Elementary path 

 If the nodes present in the path are distinct, then the path is said to be elementary path. 

 

Cycle or Circuit 

 If the path originates and end at the same node, then the path is said to be cycle. 

 

  

e3 e2 

V1 V2 

V3 

e1 
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Sri Vidya  
College of Engineering and Technology 

Department of Information Technology  
Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for Graph Traversals – Representation of Graphs 

Time: 45 Minutes 

Lesson. No Unit No.: 4   Lesson no. :   6/ 9 

 

 

1. Topics to be covered:  Graph Traversals – Representation of Graphs 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of Graph Traversals – Representation of Graphs 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 

3. Explain the concept of Graph Traversals – Representation of Graphs 

5. Link Sheet: 

1. What must a graph look like if a row of its adjacency matrix consists only of 

zeros? 

 
6. Evocation: (5 Minutes) 

    
7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 
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9. Application 

To implement the Graph Traversals – Representaton of Graphs 

Lecture notes 

SHORTEST PATH PROBLEM 

 

We have seen in the graph traversals that we can travel through edges of the graph. It is very 

much likely in applications that these edges have some weights attached to it. This weight may 

reflect distance, time or some other quantity  

that corresponds to the cost we incur when we travel through that edge. For example, in the 

graph in Figure 18, we can go from Delhi to Andaman Nicobar through Madras at a cost of 7 or 

through Calcutta at a cost of 5. (These  

numbers may reflect the airfare in thousands.) In these and many other applications, we are often 

required to find a shortest path, i.e a path having the minimum weight between two vertices. In 

this section, we shall discuss this  

problem of finding shortest path for directed graph in which every edge has a non-negative 

weight attached. 

 

 
Let us at this stage recall how do we define a path. A path in a graph is sequence of vertices such 

that there is an edge that we can follow between each consecutive pair of vertices. Length of the 

path is the sum of weights of the  

edges on that path. The starting vertex of the path is called the source vertex and the last vertex 

of the path is called the destination vertex. Shortest path from vertex v to vertex w is a path for 

which the sum of the weights of the arcs  

or edges on the path is minimum. 

 

  

Here you must note that the path that may look longer if we see the number of edges and vertices 

visited, at times may be actually shorter costwise. 

  

Also we may have two kinds of problems in finding shortest path. One could be that we have a 

single source vertex and we seek a shortest path from this source vertex v to every other vertex 

of the graph. It is called single source  

shortest path problem. 

 

Consider the weighted graph in Figure 19 with 8 nodes A,B,C,D,E,F,G and H. 
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We may further look for a path with length shorter than 13, if exists. For graphs with a small 

number of vertices and edges, one may exploit all the permutations combinations to find shortest 

path. Further we shall have to exercise this  

methodology for finding shortest path from A to all the remaining vertices. Thus, this method is 

obviously not cost effective for even a small sized graph. 

 

 There exists an algorithm for solving this problem. It works like as explained below: 

 

 Let us consider the graph in Figure 18 once again. 

 
1. We start with source vertex A. 

2. We locate the vertex closest to it, i.e. we find a vertex from the adjacent vertices of A for 

which the length of the edge is minimum. ere B and F are the adjacent vertices of A and 

Length (AB) Length (AF) 

 Therefore we choose F. 

3. Now we look for all the adjacent vertices excluding the just earlier vertex of newly added 

vertex and the remaining adjacent vertices of earlier vertices, i.e. we have D,E and G (as 

adjacent vertices of F) and B (as remaining adjacent vertex of A). 

4. Now we again compare the length of the paths from source vertex to these unattached 

vertices, i.e. compare length (AB), length (AFD), length (AFG) and length (AFE). We find 

the length (AB) the minimum. There we choose vertex B. 

5. We go back to step 3 and continue till we exhaust all the vertices. 
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College of Engineering and Technology 

Department of Information Technology  
Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for Breadth-first search 

Time: 45 Minutes 

Lesson. No Unit No.: 4   Lesson no. :  8 / 9 

 

 

1. Topics to be covered:  Breadth-first search 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of Breadth-first search 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 

4. Explain the concept of Breadth-first search 

5. Link Sheet: 

2. How to write the adjacency matrix of a graphs? 

 
6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 

 

9. Application 

To implement the Breadth-first search 
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Lecture notes 

 

Breadth First Search (BFS) 

 

In DFS we pick on one of the adjacent vertices; visit all of its adjacent vertices and back track to 

visit the unvisited adjacent vertices. In BFS, we first visit all the adjacent vertices of the start 

vertex and then visit all -the unvisited  

vertices adjacent to these and so on. Let us consider the same example, given in Figure l5. We 

start say, with v1. Its adjacent vertices are V2, V8, V3. We visit all one by one. We pick on one 

of these, say v2. The unvisited adjacent  

vertices to v2 are v4, v5. We visit both. We go back to the remaining visited vertices of v1 and 

pick on one of those, say v3. The unvisited adjacent vertices to v3 are v6, v7. There are no more 

unvisited adjacent vertices of v8, v4,  

v5, v6 and v7. 

 

Thus, the sequence so generated is v1, v2, v8, v3, v4, v5, v6, v7. Here we need a queue instead 

of a stack to implement it. We add unvisited vertices adjacent to the one just visited at the rear 

and read at from to find the next vertex  

to visit. 
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To implement breadth-first search, we change stack operations to queue operations in the stack-

based search program above: 

Queue queue(maxV); 

void visit (int k) // BFS, adjacency lists 

{ 

struct node *t; 

queue.put (k); 

while (!queue.empty))) 

{ 

  k = queue.geto; val[k] = ++id; 

  for (t = adj[k]; t ! = z; t = t-ncxt) 

  if (val[t-vl == unseen) 

    ( queue.put(t-v); val[t-vl = 1;} 

} 

} 
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Prepared By M.Anand, AP/IT 

Lesson Plan for Depth-first search 

Time: 45 Minutes 

Lesson. No Unit No.: 4   Lesson no. :  8 / 9 

 

 

1. Topics to be covered:  Depth-first search 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of Depth-first search 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 

5. Explain the concept of Depth-first search 

5. Link Sheet: 

1. How do you accepts adjacency matrix as an input and outputs a list of edges given 

as pairs of positive integers? 

 
6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 

 

9. Application 

To implement the Depth-first search  
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Lecture notes 

Depth First Search (DFS) 

In graphs, we do not have any start vertex or any special vertex singled out to start traversal 

from. Therefore the traversal may start from any arbitrary vertex. 

We start with say, vertex v. An adjacent vertex is selected and a Depth First Search is initiated 

from it, i.e. let V1, V2 .. Vk are adjacent vertices to vertex v. We may select any vertex from this 

list. Say, we select v1 . Now all the  

adjacent vertices to v1 are identified and all of those are visited; next V2 is selected and all its 

adjacent vertices visited and so on. This process continues till all the vertices are visited. It is 

very much possible that we reach a traversed  

vertex second time. Therefore we have to set a flag somewhere to check if the vertex is already 

visited. Let us see it through an example. Consider the following graph 

 

 

 

Let us start with v1. 

Its adjacent vertices are v2, v8 and V3. Let us pick on V2. 

Its adjacent vertices are v1 ,v4, v5. v1 is already visited. Let us pick on V4. 

Its adjacent vertices are V2, V8. 

v2 is already visited. Let us visit v8. Its adjacent vertices are V4, V5, V1, V6, V7. 

V4 and v1, are already visited. Let us traverse V5. 
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Its adjacent vertices are v2, v8. Both are already visited Therefore, we back track. 

We had V6 and V7 unvisited in the list of v8. We may visit any. We visit v6. 

Its adjacent are v8 and v3. Obviously the choice is v3. 

Its adjacent vertices are v1, v7 . We visit v71. 

All the adjacent vertices of v7 are already visited, we back track and find that we have visited all 

the vertices. 

 

Therefore the sequence of traversal is 

v1,v2 ,v4 , v8 , v5 , v6 , v3 , v7. 

This is not a unique or the only sequence possible using this traversal method. 

Let us consider another graph as given in Figure 16. 

Is v1 , v2 , v3 , v5 , v4 , v6 a traversed sequence using DFS method? 

We may implement the Depth First Search method by using a stack. pushing all unvisited 

vertices adjacent to the one just visited and popping the stack to find the next vertex to visit. 

Implementation 

We use an array val[V] to record the order in which the vertices are visted. Each entry in the 

array is initialized to the value unseen to indicate that no vertex has yet been visted. The goal is 

to systematically visit all the vertices of the  

graph, setting the val entry for the ith vertex visited to i, for i = 1, 2...... ,V. The following 

program uses a procedure visit that visits all the vertices in the same connected component as the 

vertex given in the argument. 

void search( ) 

{ 
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int k; 

for (k = 1; k V; k++) val[k] = unseen; 

for (k = 1; k V; k++) 

    if (val[k] == unseen) visit(k); 

} 

The first for loop initializes the val array. Then, visit is called for the first vertex, which results in 

the val values for all the vertices connected to that vertex being set to values different from 

unseen. Then search scans through the val  

array to find a vertex that hasn't been seen yet and calls visit for that vertex, continuing in this 

way until all vertices have been visited. Note that this method does not depend on how the graph 

is represented or how visit is implemented. 

First we consider a recursive implementation of visit for the adjacency list representation: to visit 

a vertex, we check all its edges to see if they lead to vertices that have not yet been seen; if so, 

we visit them. 

void visit (int k) // DFS, adjacency lists 

{ 

struct node *t; 

val[k] = ++i; 

for (t = adj [k]; t ! = z; t = t-next) 

    if (val[t-vl == unseen) visit (t-v); 

} 

We move to a stack-based implementation: 

Stack stack(maxV); 

void visit(int k) // non-recursive DFS, adjacency lists 

{  

struct node *t 

stack.push(k); 

while (!stack.empty ( )) 

{ 

k = stack.pop(); val[k] = ++id; 

for (t = adj[k]; t != z; t = t-next) 
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if (val[t-v} == unseen) 

{stack.push(t-v); val[t-v] = 1;} 

  

Vertices that have ben touched but not yet visited are kept on a stack. To visit a vertex, we 

traverse its edges and push onto the stack any vertex that has, not yet been visited and that is not 

already on the stack. In the recursive  

implementation, the bookkeeping for the "partially visited" vertices is hidden in the local 

variable t in the recursive procedure. We could implement this directly by maintaining pointers 

(corresponding to t) into the adjacency lists, and  

so on. 

Depth-first search immediately solves some basic graph- processing problems. For example, the 

procedure is based on finding the connected components in turn; the number of connected 

components is the number of times visit is  

called in the last line of the program. Testing if a graph has a cycle is also a trivial modification 

of the above program. A graph has a cycle if and only if a node that is not unseen is discovered 

in visit. That is, if we encounter an edge  

pointing to a vertex that we have already visited, then we have a cycle 
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Department of Information Technology  
Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for  Connected components 

Time: 45 Minutes 

Lesson. No Unit No.: 4   Lesson no. :  9 / 9 

 

 

1. Topics to be covered:  Connected components 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of Connected components 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 

Explain the concept of Connected components 

5. Link Sheet: 

1. How do you  accepts an input the edges of a graph and determines whether or not 

the graph contains an Euler circuit? 

6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 

 

9. Application 

To implement the Connected components 
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Lecture notes 

 

DO we have a path from any vertex to any other vertex in the above example? If you see it 

carefully, you may find the answer to the above question as YES. Such a graph is said to be 

connected graph. A graph is called connected if  

there exists a path from any vertex to any other vertex. There are graphs which are unconnected. 

Consider the graph in figure 4. 

 

 

It is an unconnected graph. You may say that these are two graphs and not one. Look at the 

figure in its totality and apply the definition of graph. Does it satisfy the definition of a graph? It 

does. Therefore, it is one graph having two  

unconnected components. Since there are unconnected components, it is an unconnected graph. 

 

 So far we have talked of paths, cycles and connectivity of undirected graph. In a Digraph the 

path is called a directed path and a cycle as directed cycle. 
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In Figure 5 1,2 is a directed path; 1,3,5,7,6 is a directed path 1,4,5 is not a directed path. 

 

There is no directed cycle in the above graph. You may verify the above statement. A digraph is 

called strongly connected if there is a directed path from any vertex to any other vertex. 

Consider the digraph given in Figure 6. 
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Sri Vidya  
College of Engineering and Technology 

Department of Information Technology  
Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for SORTING and SEARCHING 

Time: 45 Minutes 

Lesson. No Unit No.: 5   Lesson no. :  1 / 8 

 

 

1. Topics to be covered:  SORTING and SEARCHING 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of sorting and searching. 

 

4. Outcome (s): 

After going through this unit you will be able to: 

· list searching methods 

· discuss algorithms of Binary Search 

· analyse  the performance of searching methods 

5. Link Sheet: 

1. Define array. 

2. Define structure. 

3. Define index table. 

 
6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 

9. Application 

To implement in the following areas : 

 Physics 

 Biology 

 

Lecture notes 

 Information retrieval in the required format is the central activity in all computer applications. 

This involves searching, sorting and merging. This block deals with all three, but in this 

block we will be concerned with searching techniques. 

 Searching methods are designed to take advantage of the file  organisation and optimize the 

search for a particular record or to establish its absence. The file organisation and searching 

method chosen can make a substantial difference to an application's performance. 

    We will now discuss two searching methods and anlyze their  performance. These two 

methods are: 

   - The sequential search 

    - The binary search 
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Prepared By M.Anand, AP/IT 

Lesson Plan for Sorting algorithms 

Time: 45 Minutes 

Lesson. No Unit No.: 5   Lesson no. :  2 / 8 

 

 

1. Topics to be covered:  Sorting algorithms 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

 

To provide the concept of sorting algorithms 

 

4. Outcome (s): 

After going through this unit you will be able to : 

 List internal sorting methods 

 Discuss and analyze the performance of several sorting methods 

 Describe sorting methods on several keys 

5. Link Sheet: 

1. Define linked list. 

2. How to create linked list by using structure?  

6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 

9. Application 

To implement the Sorting algorithms 
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Lecture notes 

 

Sorting technique:  

 

Retrieval of information is made easier when it is stored in some predefined order. Sorting is, 

therefore, a very important computer  application activity. Many sorting algorithms are available. 

Differing environments require differing sorting methods. Sorting algorithms can be 

characterized in the following two ways: 

1. simple algorithms which require the order of n2 (written as  O(n2)comparisons to sort n 

items. 

2. Sophisticated algorithms that require the O(nlog2n) comparisons to  sort n items. 

The difference lies in the fact that the first method moves data only over  small distances in the 

process of sorting, whereas the second method  moves data over large distances, so that items 

settle into the proper  order sooner, thus resulting in fewer comparisons. Performance of a  

sorting algorithm can also depend on the degree of order already present  in the data. 

There are two basic categories of sorting methods: Internal Sorting and  External Sorting. 

Internal soriting are applied when the entire collection of  data to sorted is small enough that the 

sorting can take place within main  memory. The time required to read or write is not considered 

to be  significant in evaluating the performance of internal sorting methods.  

External sorting methods are applied to larger collection of data which  reside on secondary 

devices read and write access time are major  concern in determine sort performances. 

In this unit we will study some methods of internal sorting. The next unit will discuss methods of 

external sorting. 

Internal sorting 

In internal sorting, all the data to be sorted is available in the high speed  main memory the 

computer. We will study the following methods of internal sorting:  

1. Insertion sort 

2. Bubble sort 

3. Quick sort 

4- Way Merge sort 

5. Heap sort 
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Lesson Plan for Insertion sort 
Time: 45 Minutes 

Lesson. No Unit No.: 5   Lesson no. :   3/ 8 

 

 

1. Topics to be covered:  Insertion sort 
 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of Insertion sort 
 

4. Outcome (s): 

As a result of this lesson, students will be able to 

1. Explain the concept of Insertion sort 

5. Link Sheet: 

1. What is sorting? 

2. Define big O notation. 

3. Define time complexity. 

4. Define space complexity. 

6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 

 
9. Application 

 

 To analysis the sorting time complexity and space complexity. 
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Lecture notes 

 

This is a naturally occuring sorting method exemplified by a card player  arranging the cards 

dealt to him. He picks up the cards as they are dealt  and inserts them into the required position. 

Thus at every step, we insert  an item into its proper place in an already ordered list. 

We will illustrate insertion sort with an example before presenting the formal algorithm.  

  Example 1: Sort the following list using the insertion sort method: 

 

Thus to find the correct position search the list till an item just greater than  the target is found. 

Shift all the items from this point one, down the list.  Insert the target in the vacated slot. 

We now present the algorithm for insertion sort. 

ALGORITHM: INSERT SORT 

INPUT: LIST[ ] of N items in random order. 

OUTPUT: LIST[ ] of N items in sorted order. 

1 BEGIN, 

2. FOR I = 2 TO N DO 

3. BEGIN 

4. F LIST[I] LIST[I-1] 

5. THEN BEGIN 

6. J = I 

7. T = LIST[I] /*STORE LIST[I]*/ 

8. REPEAT /* MOVE OTHER ITEMS DOWN THE LIST*/ 

9: J = J-1 

10. LIST [J + 1] =LIST [J]; 

11. IFJ = 1THEN 

12. FOUND =TRUE 

13. UNTIL (FOUND = TRUE) 

14. LIST [I] = T 

15. END 

16. END 

17. END 
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Lesson. No Unit No.: 5   Lesson no. :  4 / 8 

 

 

1. Topics to be covered:  Quick sort 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of Quick sort 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 

2. Explain the concept of Quick sort 

5. Link Sheet: 

5. What is sorting? 

6. Define big O notation. 

7. Define time complexity. 

8. Define space complexity. 

 
6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 

 

9. Application 

To implement the Quick sort 
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Lecture notes 

 

QUICK SORT 

 

This is the most widely used internal sorting algorithm. In its basic form, it  was invented by 

C.A.R. Hoare in 1960. Its popularity lies in the- ease of  implementation, moderate use of 

resources and acceptable behaviour for a variety of sorting cases. The basis of quick sort is the 

'divide' and  conquer' strategy i.e. Divide the problem [list to be sorted] into  sub-problems [sub-

lists], until solved sub problems [sorted sub-lists] are  found. This is implemented as 

 

Choose one item A[I] from the list A[ ]. 

 

Rearrange the list so that this item is in the proper position i.e. all  preceding items have a lesser 

value and all succeeding items have a  greater value than this item. 

1. A[0], A[1] .. A[I-1] in sub list 1 

2. A[I] 

3. A[I + 1], A[I + 2] ... A[N] in sublist 2 

Repeat steps 1 & 2 for sublist & sublist2 till A[ ] is a sorted list. 

As can be seen, this algorithm has a recursive structure., 

Step 2 or the 'divide' procedure is of utmost importance in this algorithm.  

This is usually implemented as follows: 

 

1. Choose A[I] the dividing element. 

2. From the left end of the list (A[O] onwards) scan till an item A[R] is found whose value is 

greater than A[I]. 

3. From the right end of list [A[N] backwards] scan till an item A[L] is found  whose Value is 

less than A[1]. 

4. Swap A[-R] & A[L]. 

5. Continue steps 2, 3 & 4 till the scan pointers cross. Stop at this stage. 

6. At this point sublist 1 & sublist2 are ready. 

7. Now do the same for each of sublist 1 & sublist2. 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



EC6301 – OOPS & DS – Unit V 

 

12  

 

We will now give the implementation of Quicksort and illustrate it by an  example. Quicksort 

(int A[], int X, int 1) 

{  

int L, R, V 1. 

1. If (IX) 

{ 

2. V = A[1], L = X-1, R = I; 3.  

3. For (;;)  

4. While (A[ + + L] V);  

5. While (A[- -R] V);  

6. If (L = R) /* left & right ptrs. have crossed */  

7. break;  

8. Swap (A, L, R) /* Swap A[L] & A[R] */ }  

9. Swap (A, L, I)  

10. Quicksort (A, X, L-1)  

11. Quicksort (A, L + 1, I) } }  

 

Quick sort is called with A, I, N to sort the whole file. 
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Class II BE ECE / III Sem  

Subject Code  EC6301 

Subject OBJECT ORIENTED PROGRAMMING AND DATA STRUCTURES 

Prepared By M.Anand, AP/IT 

Lesson Plan for MERGE SORT 

Time: 45 Minutes 

Lesson. No Unit No.: 5   Lesson no. :  5 / 8 

 

 

1. Topics to be covered:  MERGE SORT 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of  MERGE SORT 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 

3. Explain the concept of MERGE SORT 

5. Link Sheet: 

1. How do you calculate time complexity? 

2. How do you calculate space complexity? 

6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 

9. Application 

 

To implement the merge sort. 
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Lecture notes 

 

WAY MERGE SORT 

Merge sort is also one of the 'divide and conquer' class of algorithms. The basic idea into this is 

to divide the list into a number of sub lists, sort each  of these sub lists and merge them to get a 

single sorted list. The recursive  implementation of 2- way merge sort divides the fist into 2 sorts 

the sub  lists and then merges them to get the sorted list. The illustrative  implementation of 2 

way merge sort sees the input initially as n lists of  size 1. These are merged to get n/2 lists of 

size 2. These n/2 lists are  merged pair wise and so on till a single list is obtained. This can be 

better  understood by the following example. This is also called CONCATENATE  

SORT 

We give here the recursive implementation of 2 Way Merge Sort. 

Mergesort (int List [], int low, int high) 

{ 

       int mid, 

1.    Mid = (low + high)/2; 

2.    Mergesort (LIST, low, mid); 

3.    Mergesort (LIST, mid + 1, high); 

4.    Merge (low, mid, high, List, FINAL) 

} 

Merge (int low, int mid, int high, int LIST[], int FINAL) 

{ 

int a, b, c, d; 

a = low, b = low, c = mid + 1 

While (a < = mid and c < = high) do 

{ 

If LIST [a] < = LIST [c] then 

{ 

FINAL [b] =LIST [a] 

a = a+1 

} 

else 
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{ 

FINAL [b] = LIST [c] 

c = c + l 

} 

b = b+1 

 } 

If (a mid) then 

For d = c to high do 

{ 

B[b] = LIST [d] 

b = b + 1 

} 

Else 

For d = a to mid do 

{ 

B[b] = A[d] 

b = b + l;  

} 

} 

To sort the entire list, Mergesort should be called with LIST,1, N. 

 

Mergesort is the best method for sorting linked lists in random order. The  total computing time 

is of the 0(n log2n ). 

  

The disadvantage of using mergesort is that it requires two arrays of the  same size and type for 

the merge phase. That is, to sort and list of size n,  it needs space for 2n elements. 
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Department of Information Technology  
Class II BE ECE / III Sem  

Subject Code  EC6301 
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Lesson Plan for SEQUENTIAL SEARCH 

Time: 45 Minutes 

Lesson. No Unit No.: 5   Lesson no. :  6 / 8 

 

 

1. Topics to be covered:  SEQUENTIAL SEARCH 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of SEQUENTIAL SEARCH 

 

4. Outcome (s): 

As a result of this lesson, students will be able to 

4. Explain the concept of SEQUENTIAL SEARCH 

5. Link Sheet: 

1. What is linear search? 

2. Explain binary search 

 

6. Evocation: (5 Minutes) 
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7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 

 

9. Application 

To implement the SEQUENTIAL SEARCH 
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Lecture notes 

 

SEQUENTIAL SEARCH: 

 

This is the most natural searching method. Simply put it means to go  through a list or a file till 

the required record is found. It makes no  demands on the ordering of records. The algorithm for 

a sequential search procedure is now presented. 

 

ALGORITHM: SEQUENTIAL SEARCH 

 

This represents the algorithm to search a list of values of to find the required one. 

   

INPUT: List of size N. Target value T 

 

OUTPUT: Position of T in the list - I 

 

BEGIN 

   

Set FOUND to false 

 

Set I to O 

 

If FOUND is false. 

While (I < = N) and (FOUND is false) 

    

T is not present in List. 

 

END     

This algorithm can easily be extended for searching for a record with a  matching key value. 
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Subject Code  EC6301 
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Lesson Plan for Linear Search 

Time: 45 Minutes 

Lesson. No Unit No.: 5   Lesson no. :   7/ 8 

1. Topics to be covered:  Linear Search 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of  Linear Search 

 

4. Outcome (s): 

As a result of this lesson, students will be able to Explain the concept of   Linear Search 

 

5. Link Sheet: 

1. How do you find a element position in an array? 

2. What is the use of head node for a linked list? 

6. Evocation: (5 Minutes) 

 

  
7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 

9. Application 

To implement the Linear Search 
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Lecture notes 

 

Linear Search 

The most obvious algorithm is to start at the beginning and walk to the end, testing for a match at 

each item: 

 

bool jw_search ( int *list, int size, int key, int*& rec ) 

{ 

  // Basic sequential search 

  bool found = false; 

  int i; 

 

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

    if ( key == list[i] ) 

      break; 

  } 

  if ( i < size ) { 

    found = true; 

    rec = &list[i]; 

  } 

 

  return found; 

} 

This algorithm has the benefit of simplicity; it is difficult to get wrong, unlike other more 

sophisticated solutions. The above code follows the convention of this article, they are as 

follows:  

 

1. All search routines return a true/false boolean value for success or failure. 

2. The list will be either an array of integers or a linked list of integers with a key. 

3. The found item will be saved in a reference to a pointer for use in client code. 

The algorithm itself is simple. A familiar 0 - n-1 loop to walk over every item in the array, with a 

test to see if the current item in the list matches the search key. The loop can terminate in one of 

two ways. If i reaches the end of the list, the loop condition fails. If the current item in the list 

matches the key, the loop is terminated early with a break statement. Then the algorithm tests the 

index variable to see if it is less that size (thus the loop was terminated early and the item was 

found), or not (and the item was not found).  

 

 

For a linked list defined as: 

struct node { 

  int rec; 

  int key; 
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  node *next; 

 

  node ( int r, int k, node *n ) 

    : rec ( r ) 

    , key ( k ) 

    , next ( n ) 

  {} 

}; 

The algorithm is equally simple: 

bool jw_search ( node*& list, int key, int*& rec ) 

{ 

  // Basic sequential search 

  bool found = false; 

  node *i; 

 

  for ( i = list; i != 0; i = i->next ) { 

    if ( key == i->key ) 

      break; 

  } 

  if ( i != 0 ) { 

    found = true; 

    rec = &i->rec; 

  } 

 

  return found; 

} 

Instead of a counting loop, we use an idiom for walking a linked list. The idiom should be 

familiar to most readers. For those that are not familiar with it, that is how it is done. :-) The loop 

terminates if i is a null pointer (the algorithm assumes a null pointer terminates the list) or if the 

item was found.  

 

The basic sequential search algorithm can be improved in a number of ways. One of those ways 

is to assume that the item being searched for will always be in the list. This way you can avoid 

the two termination conditions in the loop in favor of only one. Of course, that creates the 

problem of a failed search. If we assume that the item will always be found, how can we test for 

failure?  

 

The answer is to use a list that is larger in size than the number of items by one. A list with ten 

items would be allocated a size of eleven for use by the algorithm. The concept is much like C-

style strings and the nul terminator. The nul character has no practical use except as a dummy 

item delimiting the end of the string. When the algorithm starts, we can simply place the search 

key in list[size] to ensure that it will always be found:  
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bool jw_search ( int *list, int size, int key, int*& rec ) 

{ 

  // Quick sequential search 

  bool found = false; 

  int i; 

 

  list[size] = key; 

  for ( i = 0; key != list[i]; i++ ) 

    ; 

  if ( i < size ) { 

    found = true; 

    rec = &list[i]; 

  } 

 

  return found; 

} 

Notice that the only test in the traversal loop is testing for a match. We know that the item is in 

the list somewhere, so there's no need for a loop body. After the loop the algorithm simply tests 

if i is less than size. If it is then we have found a real match, otherwise i is equal to size. Because 

list[size] is where the dummy item was, we can safely say that the item does not exist anywhere 

else in the list. This algorithm is faster because it reduces two tests in the loop to one test. It isn't 

a big improvement, but if jw_search is called often on large lists, the optimization may become 

noticeable.  

 

Another variation of sequential search assumes that the list is ordered (in ascending sorted order 

for the algorithm we will use):  

 

bool jw_search ( int *list, int size, int key, int*& rec ) 

{ 

  // Ordered sequential search 

  bool found = false; 

  int i; 

 

  for ( i = 0; i < size && key > list[i]; i++ ) 

    ; 

  if ( key == list[i] ) { 

    found = true; 

    rec = &list[i]; 

  } 

 

  return found; 

} 
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1. Topics to be covered:  binary Search 

 

2. Skills Addressed: Remember, understand, apply 

 

3. Objectives of this Lesson Plan: 

To provide the concept of   binary Search 

 

4. Outcome (s): 

As a result of this lesson, students will be able to Explain the concept of   Linear Search 

 

5. Link Sheet: 
3. How do you find a element position in an array? 

4. What is the use of head node for a linked list? 

6. Evocation: (5 Minutes) 

 

 

    
 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



EC6301 – OOPS & DS – Unit V 

 

25  

 

 
7.Lecture Notes: (To be attached) 

                            

8. Textbook & Reference :  

 Mark Allen Weiss, “Data Structures and Algorithm Analysis in C++”, Third Edition, 

Addison-Wesley, 2007. 

 Ellis Horowitz, Sartaj Sahni and Dinesh Mehta, “Fundamentals of Data Structures in 

C++”, Galgotia Publications, 2007. 

9. Application 

To implement the binary Search 
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Lecture notes 

 

Binary Search 

All of the sequential search algorithms have the same problem; they walk over the entire list. 

Some of our improvements work to minimize the cost of traversing the whole data set, but those 

improvements only cover up what is really a problem with the algorithm. By thinking of the data 

in a different way, we can make speed improvements that are much better than anything 

sequential search can guarantee.  

 

Consider a list in ascending sorted order. It would work to search from the beginning until an 

item is found or the end is reached, but it makes more sense to remove as much of the working 

data set as possible so that the item is found more quickly. If we started at the middle of the list 

we could determine which half the item is in (because the list is sorted). This effectively divides 

the working range in half with a single test. By repeating the procedure, the result is a highly 

efficient search algorithm called binary search.  

 

The actual algorithm is surprisingly tricky to implement considering the apparent simplicity of 

the concept. Here is a correct function that implements binary search by marking the current 

lower and upper bounds for the working range: 

bool jw_search ( int *list, int size, int key, int*& rec ) 

{ 

  // Binary search 

  bool found = false; 

  int low = 0, high = size - 1; 

 

  while ( high >= low ) { 

    int mid = ( low + high ) / 2; 

    if ( key < list[mid] ) 

      high = mid - 1; 

    else if ( key > list[mid] ) 

      low = mid + 1; 

    else { 

      found = true; 

      rec = &list[mid]; 

      break; 

    } 

  } 

 

  return found; 

} 

No explanation will be given for this code. Readers are expected to trace its execution on paper 

and with a test program to fully understand its elegance. Binary search is very efficient, but it can 

be improved by writing a variation that searches more like humans do. Consider how you would 

search for a name in the phonebook. I know of nobody who would start in the middle if they are 

searching for a name that begins with B. They would begin at the most likely location and then 

use that location as a gauge for the next most likely location. Such a search is called interpolation 
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search because it estimates the position of the item being searched for based on the upper and 

lower bounds of the range. The algorithm itself isn't terribly difficult, but it does seem that way 

with the range calculation: 

bool jw_search ( int *list, int size, int key, int*& rec ) 

{ 

  // Interpolation search 

  bool found = false; 

  int low = 0, high = size - 1; 

 

  while ( list[high] >= key && key > list[low] ) { 

    double low_diff = (double)key - list[low]; 

    double range_diff = (double)list[high] - list[low]; 

    double count_diff = (double)high - low; 

    int range = (int)( low_diff / range_diff * count_diff + low ); 

    if ( key > list[range] ) 

      low = range + 1; 

    else if ( key < list[range] ) 

      high = range - 1; 

    else 

      low = range; 

  } 

  if ( key == list[low] ) { 

    found = true; 

    rec = &list[low]; 

  } 

 

  return found; 

} 
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