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Preface

This book offers a beginner-friendly introduction to inheritance and
polymorphism in Object-Oriented Programming (OOP), focusing on Java.
Designed for students new to programming, it explains these essential OOP
concepts with clear, easy-to-understand examples and practical code
shippets. The book starts with a gentle overview of OOP and inheritance,
illustrating how classes can reuse and extend existing code, followed by a
deep dive into polymorphism, showing how objects can take multiple forms
at runtime. Each concept is accompanied by real-world examples, diagrams,
and explanations to build confidence in writing Java programs. By the end,
readers will have the foundational knowledge to write efficient, maintainable
object-oriented code using inheritance and polymorphism.
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Infroduces students to the principles and concepts behind
the paradigm of object oriented programming.

Infroduces students to write, compile and run programs,
make effective use of some of the standard packages,
write object-oriented code using inheritance and
polymorphism.



LEARNING
OUTCOMES

Construct Object Orienfed Programming concept and
exception handling in jJava Programming.

Display skills to use graphical/visual data to visualize the
concept of OOP.

Follow the professional ethics in group to develop a solution
for a given scenario.



OD0P
INTRODUCTION

Object Oriented Programming (OOP) is based on the concept
of "objects".

It can contain dataq, in the form of fields (often known as
attributes or properties ), and code, in the form of
procedures (often known as methods).

A feature of objects is an object's procedures that can
access and often modify the data fields of the object with
which they are associated.

In OOP, computer programs are designed by making them
out of objects that interact with one another.



O0P
INTRODUCTION

A programming paradigm based upon objects (having both
data and methods) that aims to incorporate the
advantages of modularity and reusability.

Objects, which are usudlly instances of classes, are used to
inferact with one another to design applications and
computer programs.



ODO0P
FEATURES

Bottom up approach in program design
Programs organized around objects, grouped in classes
Focus on data with methods to operate upon object’s data
Interaction between objects through functions

Reusability of design through creation of new classes by
adding features to existing classes



OD0P
APPROACH

An object in nature, process certain characteristics that are
unique to it.

A redl vorld object also exhibits unique behavior, described
as operation.

In OOP, the unique characteristics are attributes of an
object ,and the unique behaviors are the methods of an
object.



O0P
BENEFITS

T .
. Creating well-structured program
3, .
., Easily reusable
% 5P -
., Easily extended
& -
., Reduce maintenance cost
\@/ .
. Encapsulation
@ .
,+ Less flaws design
@ .
., Inheritance - code reuse

¥ Polymorphism - flexibility



OO0P
CONCEPTS

Object

{a}
9)

Attribute Behaviour
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Something that is or is capable of being seen, tfouched, or
other vise sensed, and about which users store data and
associate behavior
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Object

d)
Q)

Attribute Behaviour

it

The individual things that differentiate one object from
another and determine the appearance, state, or other
qualities of that object

The data that represent characteristics of interest about an
object
11
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A set of operations that it performs tfo meet the system
goal

The only way objects can do anything to themselves or
have anything done to them
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LINHE ANCE

Creating new classes based on existing ones.

A class that inherits from another class can reuse the
attributes and methods of that class.

You can add new attributes and methods to your current
class as well.

13



INTRODUCTION

Child class inherits the attributes and methods from
Parent class
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LINHE ANCE

Keyword extends is used to inherit a subclass from the

superclass.
class A |
}
class B extends A {

15



BASE CLASS

The class being inherited from
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LINHE ANCE

Sub class

class B extends A {

NeWw class Child

The class that inherits from another class

17



DERIVED CLASS

The sub class inherits all of its attributes and methods
defined by the super class

It also adds its own attributes and methods

The sub class can be said that it is speciadlized version of
super class.
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One class extends one class only

A super class can have any humber of sub classes but a sub
class can have only one super class

class A |

}

class B extends A {

19



SINGLE

class A {

class B extends A {
// cl A

\ attributes
A met]

55 C extends A {

J | A attributes

A methe

class D extends A {

attribu
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Is the extension of Single Inheritance

When a class is inherited from another sub class, then it is
Multilevel Inheritance

The sub class at the lowest level can access the member

attributes and methods of all the super classes at the
higher level

2]



MULTILEVEL

\ attributes

v meth

D extends A {

A attributes

A methods
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Inherited from more than one existing class

The inherited class is a sub class and all the existing classes
from which the sub class is created are super classes

Java supports Multiple Inheritance through a concept called
Interface

interface A {

}

interface B {

}

class C implements A, B {

}

23



PROTECTED
RCCESS
SPECIFIER

The protected access modifier is accessible within package
and outside the package but through inheritance only

Protected attributes and methods allow the class itself,
classes inside and sub classes to access them
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class A {
protected String haircolour = "

}

class B extends A {

}

The hairColour attribute in A class is set to a protected access
modifier. B class can access the attribute

If it is set to private, B class would not be able to access the
attribute

25



https://www.w3schools.com/java/java_modifiers.asp
https://www.w3schools.com/java/java_modifiers.asp

CONSTRUCTORS

If we want to call parameterized constructor of base class,
then we can call it using super( )

Base class constructor call must be the first line in derived
class constructor

class A {
A() // Constructor of super class

{

// Print statement

System.out.println("A Class Constructor Called"}:

}

class B extends A {
B{) // Constructor of sub class

{

// Print statement
System.out.println{"B Class Constructor Called"};




LINHE

Ao

HO
Y

ANCE

Super is a reference attributes that is used to refer
immediate parent class object.

class A {

}

class

}

protected String hairColour = '

B extends A |
void display () {
System.

out.println(super.haircCol

ur) ;

27



SUPER

Super is used to invoke immediate parent class construction

Super is used to invoke immediate parent class methods

Super is used to refer immediate parent class attributes
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O0OP
POLISMORPHISM

Polymorphism is an important concept of object-oriented
programming. It simply means more than one form.

It occurs wvhen we have many classes that are related to
each other by inheritance.



O0OP
POLSMORPHISM

INTRODUCTION

Parent class Child class

31



O0OP
POLISMORPHISM

INTRODUCTION

meTHOD

meTHOD

OPERATOR



O0OP
POLSMORPHISM

When the same method is present in both a superclass and
a subclass, and the subclass method overrides the
superclass method, this is known as method overriding.

In object-oriented programming, method overriding allows a

subclass to provide a specific implementation of a method
that is dlready defined in its superclass.

33



O0OP
POLISMORPHISM

METHOD
ODOVERRIDING

The method in both the superclass and subclass must have
the same name, return type, and parameters.

Method overriding is a form of dynamic polymorphism,
meaning the method that gets called is determined at
runtime based on the object type.

In many languages, such as Java or Python, you can use the
super keyword in the subclass to invoke the overridden
method in the superclass.

The method in the subclass takes precedence over the
superclass method when invoked on an instance of the
subclass.
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POLSMORPHISM

EXPLANRATION

Superclass Method
The display() method in the Superclass outputs a specific
message.

Subclass Override
The display() method in the Subclass overrides the one in
the superclass and outputs a different message.

Polymorphism
Even wvhen a superclass reference points to a subclass
object (Superclass superClassRef = hew Subclass()), the
subclass version of the method is invoked.

35



O0OP
POLISMORPHISM

METHOD
ODOVERRIDING

We can also create different methods

o cdlculateSquareAreq() to calculate area of Square
o calculateCircleAreq() to calculate area of Circle
e calculateRectangleArea() to calculate area of Rectangle

This will work perfectly.
However, for every shape, we heed to create different

methods.

It will make our code inconsistent.



O0OP
POLSMORPHISM

CONSISTENT CODE

To solve this, polymorphism in Java allows us to create a
single method that will behave differently for different
shapes.

The same method can perform different operations in
different scenarios.

e cdiculateAreq() to calculate area of Square
e cdlculateAreq() to calculate area of Circle
e calculateAreaq() to calculate area of Rectangle

This method will work more perfectly.

Polymorphism Wwill make our code consistent.

37



O0OP
POLISMORPHISM

class Area |

vold calculateArea() {
// ca ate area

class Square extends Area{
volid ecalculatedArea() {
// calculs

class Circle extends Areaf
void calculateArea ()|
/ calcul:

class Rectangle extends Area(
vold ecalculateAreal() |

cul area of




O0OP
POLSMORPHISM

PRACTICAHAUL CODE

class Superclass |

volid display()
System.cut.princin(" e I

class Subclass extends Superclass {

BOverride
vold display() |
System.out.println 1 ")z

puklic class MainMethod {
static void main(String([] args) {

Superclass superClassObj = new Sup&erclass();

superClassCbj.displav():

Su
5

belass subClass0Obhy = neaw Subclass();
ubClas=s0bj.displavy():

i m

uperclass superClassRef = new Subclass();
uper

rClassBef.displav():

39



O0OP
POLISMORPHISM

metTHOD
ODVERLORADING

When methods in the same class share the same name but
differ in parameters (number, type, or both), it is called
method overloading.

This feature enables a class to perform different operations
based on the type or number of arguments passed.

Method overloading is a form of compile-time polymorphism
in Java.



O0OP
POLSMORPHISM

KEY FERTURES

Same method hame but different parameter lists (either in
type, number, or order of parameters).

Return type can be different, but it doesn’t affect method
overloading.

The method that gets called is determined at compile-tfime
based on the arguments provided.

Overloading happens in the same class (or in subclasses
using inherited methods).

41



O0OP
POLISMORPHISM

metTHOD
ODVERLORADING

class Calculator {

// Method to add two integers
int add({int a, int b) {
System. cut.println{"RAdding two integers: " + a + " + " + b);

return a + b;

ff Method to add two double wvalues
double add(double a, double b) |
System. cut.println("2dding two doukles: " + a + " + " + b);

return a + b;

puklic class MainMethod {
puklic static woid main(String[] args) {

Calculator calc = new Calculator();
// Calls the method with two integers

int resultl = calc.add(5, 10);

System. cut.println("Besult: " + resultl);

ff Calls the method with two doubles

double result3 = calc.add(2.5, 3.7);

System.cut.println("E=ssult: " + result3);




O0OP
POLSMORPHISM

EXPLANRATION

add(int a, int b) adds two integers.
add(int a, int b, int ¢) adds three integers.
add(double a, double b) adds two double values.

When the code is compiled, the correct version of the add)
method is determined based on the arguments passed.

Although the methods share the same hame (add), they are
treated as different methods because their parameter lists
differ.

43
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POLISMORPHISM

metTHOD
ODVERLORADING

METHOD METHOD
RASPECT
OVERLOADING OVERRIDING
: Subclass overrides superclass
Location Same class
method
Polymorphism Compile-time polymorphism Runtime polymorphism
Must differ in type, number, or :
Parameters Same signature as superclass
order
Return Type Can differ Must be the same or covariant
Inheritance Not required Involves inheritance




O0OP
POLSMORPHISM

In Java, the + operator serves a dual purpose:

Arithmetic Addition: When used with humeric operands
(integers, floats, doubles, etc.)

String Concatenation: When used with strings.

45



O0OP
POLISMORPHISM

ODPERATOR
ODVERLORADING

When + is used with humbers (infegers and floating-point
numbers), it performs mathematical addition.

public class Arithmetichddition {

public static wvoid main(String[] args) {
int a = 5;
int b = 10;
int sum = a + b;

System.out.println ("5
// output: Sum of integers:

double x
double vy
double

T
«5;

System.out.println("sSum of doubles: " + result);

f/ Output: Sum of doubles: 6.0
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POLSMORPHISM

When we use the + operator with strings, it will perform
string concatenation (join two strings).

String firstName = "I

String lastName = "

String fullName = firstName + + lastName;
System.out.println( Y : + fullName) ;
int age = 40;

String message = " . "+ age;

System.out.println(message) ;

When one operand is a string, the + operator converts the
other operand to a string and concatenates them.

In the second example, age (an int) is converted to "40"
before being concatenated with the "Age: " string.

47




O0OP
POLISMORPHISM

ODPERATOR
ODVERLORADING

OPERANDS OPERATION RESULT
Both numeric Arithmetic addition Numeric sum
At least one string String concatenation Concatenated string

The + operator is versatile in Java, making it easy to
perform both arithmetic operations and string
manipulations with minimal syntax.

Understanding hovw it behaves with different operand types
is essential to avoid unintended results.
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